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    Special Issue on NEC's Smart Energy Solutions Led by ICT


    ■Solution for general customers


    NEC's Cloud-Based HEMS Solution Advances with Data Utilization


    Interest in the Home Energy Management System (HEMS) has been growing as a technology for enabling energy supply-and-demand stabilization and greenhouse gas effect reduction. As a result of this trend, there is an increasing number of home appliances are implemented compatible with HEMS. NEC has been providing HEMS with visualization function and now is developing HEMS with enhanced capable of controlling household appliances. It is intended to link them to meteorological information as a future approach. This paper reports on our past achievements regarding HEMS application, its features and anticipated perspectives.


    HEMS Data Utilization Solutions Using Autonomous Adaptive Control


    One of the means through which the transition to a sustainable low-carbon society is expected to be realized is the smart grid, which facilitates more efficient and stable energy use. Achieving this goal will require technology capable of effectively controlling multiple geographically separated systems. This technology also needs to be able to cope with any sudden environmental change. At NEC, we have been working on a control method for use in real world applications which utilizes autonomous adaptive control based on the biological adaptive mechanism to the environment. In this particular application, we are seeking to establish an energy management system (EMS) that doesn’t force users to consciously make efforts to save energy; instead, we have applied this technology to the power control on the demand side and employed flexible equipment control as required. Tests have shown that our home energy management system (HEMS) can autonomously control the power to achieve intended target values by adjusting lighting and air-conditioning in response to environmental fluctuations.


    Cloud-Based EV/PHV Charging Infrastructure Service


    Use of both the electric vehicle (EV) and the plug-in hybrid vehicle (PHV) is expected to increase as clean vehicles become more desirable. However, in order to sustain the expected growth in the market the preparation of suitable charging infrastructures will be an essential requirement. Deployment of EV charging infrastructure services in a commercial context and a reduced labor input by business operators will be required to effectively operate the systems after installation. To deal with this issue, NEC has developed an EV charging infrastructure system that is equipped with remote operation & maintenance/energy control, member authentication and E-money payment functions so that the business operators can install and operate it efficiently and securely. The system also provides cloud-based services for the EV/PHV users, such as a charging station map and a charging completion mailing function. In the future, NEC is also planning to study the application of cloud-based services for other environment-friendly vehicles, such as the fuel cell vehicle (FCV).


    A Compact Energy Storage System for the Storage and Smart Use of Electricity


    NEC has commercialized a 7.8 kWh model of a household/corporate-oriented compact energy storage system incorporating a lithium ion battery with a 15-year warranty. Moreover, due to its integrated construction it features a short installation work period. According to an analysis of the usage data of previous models, the present model is given a storage capacity of 7.8 kWh, which is optimum for home use. It has a rated output of 3.0 kW under normal operation. It stores the low-priced power during nighttime or surplus power of photovoltaic generation, and then it uses them in daytime. Such features allow users to achieve further power and cost savings and to enjoy comfortable everyday life. The system is also capable of running various home appliances in the case of a power outage.


    Lightweight, Long-Life Lithium-ion Secondary Battery Pack for Communications Equipment


    NEC Energy Devices has developed a lightweight, long-life lithium-ion secondary battery pack suitable for use in power supply systems of communications equipment installed in areas that experience power supply difficulties. The battery pack features a high level of safety and long life due to the manganese cathode material and stacked electrode structure. These are implemented by making full use of our experience in the development/production of lithium-ion secondary battery (LIB) with laminated exteriors for use in electric vehicles (EVs) and large power storage devices, the battery management system (BMS) and the battery pack structure design and the control software. This paper introduces a 19-inch rack mountable 48 V battery pack developed based on the above technologies for use in the power supply systems of communications equipment.


    ■Solutions for enterprises


    The Introduction and Deployment of NECs Smart Energy Management System - Smartizing Energy Management at Obayashi CorporationTechnical Research Institute and NEC Tamagawa Plant, Building 9 -


    Year after year, unit prices of electricity in Japan have been going up, increasing the burden on ratepayers. To help electricity consumers manage their consumption and exert greater control over their costs, NEC has been pushing forward with the development of a Building Energy Management System (BEMS) capable of forecasting demand for electricity and controlling the facilities accordingly. In this paper, we will take a closer look at our electricity demand prediction system and show how we have elaborated on it to create a system that will help make operations smarter as exemplified by the system we configured for, and delivered to, Obayashi Corporation Technical Research Institute. Also introduced is another case study in which the knowledge gained from the Obayashi Corporation deployment was applied to NEC Tamagawa Plant, Building 9.


    Cooling Technology to Reduce Air-Conditioning Power Consumption in Data Centers


    To help mitigate the effects of global warming, efforts are underway today to reduce the impact of modern society on the environment. Information technology is expected to play a critical role in helping to minimize energy use and conserve resources. Currently, with cloud-oriented approaches and centralization of IT equipment into data centers, progress in IT capabilities is accelerating. This paper introduces some examples of NECs R&D into highly efficient cooling technology using phase-change cooling system - which helps solve the problem of excessive power consumption by air-conditioning systems in data centers, while ensuring that the center continues to operate efficiently.


    Validating the Performance of NECs Tamagawa Building Smart Energy System


    As part of the renovation of the office building at NEC Tamagawa Plant, we smartized the buildings energy management system, targeting a 50% reduction in energy use compared to pre-renovation. As well as upgrading the energy-saving systems, we also introduced sensor-based energy management. This paper examines the various systems and technologies we used to achieve a dramatic reduction in energy use.


    EMS (Energy Management Systems) Technologies Optimizing Energy Consumption for Mobile phone Base Stations


    Due to the sharp rise in the number of mobile phone subscribers in India and other emerging countries more and more base stations that support mobile phone networks are being built. They are now to be found not only in urban areas but also in rural areas. These base stations are expected to be operational year-round 24-7, so that telecom tower operators can ensure power in case of a power outage in the areas where stable grid power supplies cannot be expected. In such areas they use diesel powered generators, however, the use of diesel power generation poses some issues, including a negative influence on the earth environment due to CO2 emissions and a high economic burden on the telecom tower operators due to a rise in fuel costs, etc. In order to resolve these issues, the replacement of lead storage batteries with lithium-ion batteries and the employment of a server-client model energy management system (EMS) is expected to improve the operational efficiency of the diesel power generators. In consequence the operational hours may decrease and a fuel combustion saving can be achieved.


    ■Solution for energy enterprises


    Development of Energy Supply & Demand Management System at the Core of Our Electric Power Supplier Solution


    With full deregulation and liberalization of the electric power retail sales scheduled for April 2016, NEC has put together an Electric Power Supplier Solution which encompasses core systems crucial for power retailing such as the Customer Information Management System (CIS) for power utility companies and the Energy Supply & Demand Management System, plus solutions to attenuate price imbalances including the Electric Power Demand Forecasting System and the Solar Power Prediction System. In this paper we will introduce the development concept and applications for the core Energy Supply & Demand Management System.


    Power Plant Fault Sign Monitoring Solution Based On System Invariant Analysis Technology (SIAT)


    A power plant is required to operate safely, stably and efficiently so that the consumers may use electricity confidently. On the other hand, since the occurrence of faults is unavoidable, early detection and counteraction against faults are crucial. However the traditional method of monitoring threshold values of sensors have in some cases difficulty in the early detection of fault signs. The power plant fault sign monitoring system that has been developed by NEC in collaboration with power companies employs a proprietary big data technology called the system invariant analysis technology (SIAT) to detect signs of equipment faults early on and accurately by capturing any unusual behavior of the plant. In addition, NEC is also developing functions leading to the improvement of plant operations, with the aim of contributing to maintaining stable power supply by the power companies.


    Situational Intelligence for Resource Optimization


    The recent trends in deregulation, industry reorganization and social environmental changes are significantly changing the environment that surrounds the utility business sector, such as in the electricity and gas supply companies. Under these circumstances, radical reforms of business organization and operations, further improvements of equipment and the use of big data are tending to be increasingly required. For these reasons, NEC jointly with Space-Time Insight, Inc. is deploying Situational Intelligence as a solution that allows utility businesses to identify their current circumstances accurately and to make decisions collaboratively based on projected perspectives. This paper is intended to give a presentation of the Situational Intelligence solution.


    Power Supply-and-Demand Balancing Solution Using Distributed Storage Batteries


    The dissemination and expansion of renewable energy such as photovoltaic power generation are promoted by means of feed-in tariff (FIT) and other procedures. However, output fluctuations caused by weather events create concerns due to the unfavorable effects on the supply-and-demand balance of the electric power grid. A new mechanism for adjusting the supply-and-demand of electricity is called for in order to secure a stable electric power system. This paper presents a new power supply-and-demand balancing solution proposed by NEC that is based on its virtual integration technology for distributed storage batteries using a hierarchical hybrid control system.


    Using Energy Storage to Prepare the Electricity Grid for a Clean, Reliable, Renewable Future


    As renewable energy generation like PV and wind become larger proportion of the overall generation fleet in electricity grids around the world, controlling and managing that variable and intermittent generation resource to match with real-time electricity consumption becomes more challenging. NEC Energy Solutions, part of NECs Smart Energy division, is at the forefront of deploying a new technology on the electricity grid  energy storage  that can provide better and more positive control of renewable energy systems, making future power grids both clean and sustainable, while continuing to provide the reliability and efficiency required by all electricity users.


    Grid Stabilization Solution That Helps Ensure a Stable Supply of Electric Power: Grid Energy Storage System for Italys ENEL


    In sunny southern Italy, energy production from renewable sources such as solar and wind power has been growing rapidly. As these forms of energy can be difficult to deliver consistently, ensuring stabilized operation of electric grids that use these sources is now a big issue. Italys largest distribution system operator, ENEL Distribuzione sees the energy storage system as one of the most promising solutions for the stabilization of electric grids accompanied by the massive introduction of renewable energy. To help ENEL prepare for full deployment of the energy storage, NEC implemented a demonstration system in the field. The energy storage system for electric grids installed by NEC at an ENEL substation in southern Italy has been highly evaluated in terms of both performance and quality.


    NECs Contribution to Advanced Metering Infrastructures (AMIs)


    Under the accelerating replacement of traditional analog electricity meters by smart meters featuring digital measurement and communication functions, the Japanese power companies made RFP (request for proposals) aiming at open procurement and the dissemination of the metering and communication block of the Advanced Metering Infrastructures (AMIs). This paper reviews the methodology and achievements of NEC with regard to AMI business procedures. It will attract the attention of power companies because of its potential for improving the efficiency of their operations and services for customers.


    ■Technology development and standardization


    Methodology for UN / CEFACT Standards


    Thanks to the rapid progress and deployment of technology such as M2M and smart grids, energy infrastructure is becoming much smarter - that is, it is now possible to gather useful data that can be used to enhance performance and operations. The potential volume of information available seems, for all intents and purposes, to be limitless. Various methods and approaches (systems, machines, languages, etc.) are being used to collect and store information. The key to effective utilization of the accumulated data is a standard that can smooth out the differences between systems and devices, as well as between states, styles, and languages, and operate on the data in a consistent and cohesive manner. This paper introduces standards set by UN/CEFACT, the standardization organization that has been called upon to solve this issue.


    The Current Status of OpenADR (Automated Demand Response) Technology and NECs Approach to the DR Market


    Smart Grid progress brought our attention to the importance of Demand Response (DR) as a means of maintaining the power demand and supply balance, and maturation of the DR market is expected. This report introduces OpenADR 2.0b, which is the latest international standard for Automated Demand Response technology, together with details of NECs approach.


    Demonstration of Remote Storage Battery Control Using Standard Procedure


    The introduction of storage batteries has begun to be used generally in households. When batteries of a certain size are bundled and controlled together, they can be used to balance supply and demand in areas other than for general consumers. At the EMS Shinjuku Demonstration Center, Waseda University, NEC has recently succeeded in building a system for the automated control of storage batteries of consumers from a remote location. This was done by combining ECHONET Lite, which is the standard procedure for equipment control, and OpenADR, which is the procedure for Demand Response (DR) signal interchange. Using the developed environment, NEC demonstrated the remote charging/discharging control of storage batteries at consumer premises, the results of which are reported below.


    Electricity Fingerprint Analysis Technology for Monitoring Power Consumption and Usage Situations of Multiple Devices by Using One Sensor


    With regard to energy management, a meticulously applied monitoring of the power consumption situations of the target electrical devices leads to promoting reduced and efficient use of energy, while at the same time comfort, convenience and productivity in life and work styles are maintained. This paper describes the electricity fingerprint technology developed by NEC that aims at the simple visualization of the power consumption of individual electrical devices. Also discussed are an actual case of application and the expected future deployment of appropriate services.


    Power Imbalance Reduction Solution with the Digital Grid System


    Japans imminent liberalization of electricity sales and subsequent deregulation of the electric power industry in Japan will create huge opportunities for businesses in the electric power sector, while creating a host of new issues. In particular, finding a way to reduce the cost of power imbalances is considered crucial for companies trying to break into the new field of electric power retailing business. This paper introduces Digital Grid - a next-generation electric power system integrating information and communications - and our imbalance reduction solution.


    Resilient Microgrid Management Solution


    Growing number of distributed generation and energy storage system installation has introduced new challenges and opportunities for reliable and efficient operation of power grids across the globe. The evolution of smart grid has resulted in the emergence of self-contained energy ecosystems called microgrids as an aggregation of distributed generations, energy storage systems, and loads. One critical value microgrid brings to the grid is resilience, which means the capability to anticipate risks, limit their impacts, and bounce-back rapidly to maintain desired services through survival, adaptability and evolution in the face of consistently changing environment. NEC Labs America has developed a management solution for microgrids which can work in both grid-tied and grid-disconnected modes while reducing cost of operation and improving resiliency from disasters, system failures and other unforeseen events. This solution also supports the integration of renewable generation and demand fluctuations when the microgrid is connected to the grid.


    Safety Technology for High-Energy-Density Lithium-Ion Battery


    By developing a high-energy-density battery, NEC has not only helped make life more convenient by facilitating the more compact design of products that use batteries, it is also supporting the broader goal of creating a more sustainable society through efficient utilization of energy. Successful development of a high-energy-density battery requires not only suitable material to accumulate and store energy, but also technology capable of controlling large amounts of energy and technology to ensure reliability and safety in the event of emergency. This paper introduces technology that uses NECs original flame-retardant electrolyte and separator to increase the safety of high-energy-density batteries.


    NEC Energy Devices LIB Electrodes - Their Features and Production Results


    NEC Energy Devices develops, manufactures and sells lithium-ion secondary (rechargeable) batteries. For automotive applications, we handle production of electrodes, while Automotive Energy Supply Corporation handles production of cells and other components. Because it is critical that it be possible to mass-produce electrodes used in electric vehicles, while assuring the highest levels of safety and quality, in 2008 we began laying the groundwork by joining forces with NECs MONOZUKURI Innovation Division to design a plant capable of becoming the worlds number-one electrode production line. Mass production and shipment of electrodes for the Nissan Leaf electric car began in July 2010. Since then we have continued to produce and ship electrodes with no quality issues or delivery problems. In this paper, we will focus on the features of our electrodes and discuss their production results.
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    Our focus at NEC is on Solutions for Society, which simply means using ICT (Information Communication Technology) to support the development of more advanced and more responsive social infrastructure. By exploiting our expertise in ICT, we hope to contribute to society by creating value in the areas of safety, security, efficiency, and equality. One of the most important problems facing society today is the impact on the environment of rapidly escalating demand for energy. For example, it is predicted that demand for electric power will nearly double, increasing by 1.8 times today's level. At the same time, urban populations will rapidly expand worldwide (6.3 billion in 2050, which is 1.8 times the current figure). Global warming is also a problem that requires urgent attention. International efforts are underway to suppress greenhouse gases as evident in the COP 21 (2015 United Nations Climate Change Conference) held in France from November 30 to December 12, 2015.


    To meet increasing energy demands, we think that it will be necessary to continuously employ conventional power generation technologies that have already shown results, including ones that use petroleum, coal, natural gas, and nuclear fuel, as well as to increase the efficiency of heat source usage. In the coming years, renewable energy such as solar and wind are also expected to increase in cost-efficiency and reliability. To achieve an optimal balance between energy requirements and environmental sustainability, individual nations and regions around the world will be faced with the task of developing an energy mix best suited to local conditions.


    In Japan, there have been major reforms to the electricity and gas systems. Specifically, full-scale deregulation of electrical power retail sales will begin in April 2016. Transmission and distribution of electricity will be legally unbundled with a target deadline of 2020. Up until now, conventional power systems have been built around designated providers who have generated large quantities of power and supplied it to users while maintaining the stability of their systems. In the future, however, not only will many new providers enter the energy market, but an increasing number of users will also own the functions necessary to generate and store electricity, which will result in a transition from a centralized energy system to a dispersed one.


    Due to the changes in the nature of power distribution systems taking place both inside and outside Japan, it will be essential to have the ability to finely adjust and control the supply of energy resources to meet regional demands, while ensuring stable operation of the systems and supply networks to which the regions are connected. We also anticipate that needs matching that connects users with the various services offered by all the new providers will also be required.


    At NEC, we are focusing on Smart Energy Solutions that integrate our core strengths in both ICT and power systems technology - which are world-class. For instance, using cloudbased ICT technologies that collect, visualize, analyze/predict, and optimally control various real-world data related to energy, we can connect and coordinate the supply side and demand side. What's more, by facilitating the smooth interaction of various energy resources such as batteries, heat pumps, EVs (electric vehicles), we will contribute to optimizing the efficiency of energy supply and demand. We will also make it possible to accommodate various energy resources within a community while interfacing with systems and supply networks, ensuring efficient energy usage throughout the region. Furthermore, we believe that we can address problems such as facility/equipment obsolescence or a shortage of management personnel using our ICT-based facility diagnostic technologies, investment reduction measures, and business solutions. We are confident that we will be able to offer services and values that match the needs of society - that is to say, autonomy, dispersion, and harmony/ stability, by analyzing data gathered from energy systems and passing that data to energy management systems for practical and active utilization.


    Using our Smart Energy Solutions - which integrate leadingedge ICT and energy technology, NEC will continue to help build a society where people can enjoy a safe and secure life that impacts minimally on the environment. This special issue entitled, "Smart Energy Solutions Led by ICT", highlights the values and capabilities we bring to today's energy environment through indepth case studies and other examples.


    We hope that you will take a look at this issue and look forward to your continued patronage and support of NEC.
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  NEC's Smart Energy Vision


  
    NEC's fusion and orchestration of ICT and energy technologies are paving the way for the optimization of the supply and demand of energy in the society of tomorrow. Moreover, our technologies are contributing to both energy savings and a more comfortable life.
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    1. Introduction


    According to the United Nations, the global population reached 7 billion in 2011, and it is forecast to exceed 8 billion by 2025 and continue to increase to 9.6 billion by 2050. Moreover, the migration to cities is expected to continue, expanding the global urban popular from 3.5 billion in 2011 to 6.3 billion by 2050. This growth will be accompanied by increased demand for all of life's essentials. Demand for food will rise to 1.7 times current levels. Water demand will increase 1.6 times. Energy demand will nearly double to 1.8 times. At the same time, greenhouse gas emissions are expected to reach 1.5 times the current volume (Fig. 1). If current population and consumption trends were to continue unabated, we would need resources equivalent of 2 earths to support our urban-centric lifestyle in 2050. Innovative social infrastructure is required to maximize efficient use of the earth's limited resources and achieve a future that provides sustainability and equality for people everywhere in the world.
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        Fig. 1 The Earth in 2050.
      

    


    With the aim of orchestrating a brighter world, the NEC Group is exploiting the power of ICT for its Social Solutions Business and advancing social infrastructure to provide people everywhere with the values of safety, security, efficiency and equality. We will provide innovative solutions that deliver both customer and social value and contribute to solving diverse social issues.


    This special issue will introduce the reader to our solutions, services and technology that are paving the way for the Smart Energy society – solutions for general users and enterprises as well as end-user solutions for the customers of energy industry and utility companies.

  


  
    2. Global Energy Issues and the Direction of Future Development


    Keeping pace with the population increase and economic growth, global energy consumption is also rapidly rising. Heightened reliance on fossil fuels and increased use of thermal power generation have contributed to the increase in greenhouse gas emissions – one of the causes of global warming. While tackling ways to reduce the load on our environment is a major challenge that must be met on a global scale, it is equally vital to supply sufficient electrical power to satisfy the growing demand for energy and to sustain economic growth.


    In recent years, while seeking a good energy balance through a combination of thermal and nuclear energy power generation, the pursuit of power generation through low environmental-load, renewable energy sources such as solar and wind power have been promoted with the aim of reducing greenhouse gas emission volume. Renewable energy is steadily becoming accepted as a new source of energy to power offices, factories and homes around the world.


    On the other hand, as power from these renewable energy sources begins to flow in large quantities into existing power grids that have operated with a high degree of stability up to now, it may impact the stability of the power supply. Moreover, the supply of renewable energy fluctuates due to weather conditions and the time of day, necessitating constant measures to maintain a balance with the power grid. In order to solve these issues and maintain the stable supply of energy, a new structure and approach are demanded.

  


  
    3. NEC's Vision of Social Infrastructure


    NEC boasts the unique position of possessing both ICT (Information Communication Technology) ranging from computer to cloud technologies and Energy Component Technology including energy storage systems and quick charging devices for electric vehicles. By combining these and other various assets, NEC is contributing to the optimization of energy supply and demand through the promotion of local production for local consumption of electrical power, the management of fluctuations in generated power volume and the development of new services (Fig. 2).
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        Fig. 2 NEC's Smart Energy Cloud.
      

    


    Scalable energy storage systems and ICT that controls them play a very important role in the construction of the networks that will support the stable supply of energy. In a society that introduces the large-scale utilization of renewable energy, it is vital to tackle the efficient use of energy from both the supply side and the demand side.


    For example, the impact of adopting renewable energy sources on the demand side makes it necessary to either restrain energy usage by grasping the amount of energy generated and consumed, or encourage to use energy for specific objectives by employing a storage system that enables the temporary storage of energy and its time-shifted use. On the supply side, balancing energy supply and demand will require systems for large-scale storage of energy to facilitate its temporary storage and the efficient utilization of the stored energy. Connected by ICT, the supply and demand sides can act in concert, enabling the coordinated utilization of respective storage systems. In addition, more efficient usage of power throughout entire communities can be achieved during peak electrical power demand periods by the flexible coordination of power storage and management assets within the community.

  


  
    4. NEC Solutions: Contributing to the Advance of Social Infrastructure


    In order to contribute to realizing the advanced social infrastructure shown above, NEC seeks to grasp the structure of energy supply and demand from the perspective of both the supply and demand sides, and then provides optimized solutions aligned with the axes of services, systems and hardware (Fig. 3).
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        Fig. 3 NEC assets.
      

    


    In this special issue, we would like to introduce the reader to the solutions and ICT that will provide broadbased cloud services to the diversity of social infrastructure users and customers of energy-related enterprises.


    4.1 Visualization Technologies


    NEC is providing visualization solutions that enable a bird's-eye view of the state of operations and the amount of generated power by obtaining an accurate electrical power data via the cloud computing. They also make it possible to grasp monitoring of dispersed power sources and market conditions in real time.


    Capable of providing the centralized management of data acquired from multiple data sources, visualization enables intuitive management of this extremely complex infrastructure.


    4.2 Analysis and Predictive Technologies


    Electrical power systems produce a vast diversity and quantity of data. They can be broadly categorized into: operational data including maintenance history and productivity plans; energy device control data such as power generation status, storage batteries and HEMS; and various external data such as the weather changes. Tagged with space, time and node information, these data are used in our solutions that detect abnormalities and provide analysis and forecasts with a high degree of accuracy. While maintaining productivity, NEC solutions enable the efficient utilization of energy.


    4.3 Optimization Technologies


    Optimization of energy input and output is achieved with peak shift/cut control devices. Linking of the systems on the energy generation and demand sides enables energy management proposals that respond to demand and the needs of daily life. In addition, in close coordination with corporate partners, NEC is expanding services including provision of energy-saving advice, equipment/device monitoring and functions for apartment complexes that contribute to the visualization of energy usage by the entire community.

  


  
    5. Conclusion


    Working in close collaboration with customers in diverse fields and industries and with our corporate partners, NEC is proactively meeting challenges. In the future, we will continue to contribute to the safety, security, efficiency and equality of society, and provide the world with new value in an expanding range of fields through the fusion of our ICT and energy technologies (Fig. 4).
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        Fig. 4 Advanced social infrastructure by implementing ICT.
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    Abstract


    Interest in the Home Energy Management System (HEMS) has been growing as a technology for enabling energy supply-and-demand stabilization and greenhouse gas effect reduction. As a result of this trend, there is an increasing number of home appliances are implemented compatible with HEMS. NEC has been providing HEMS with visualization function and now is developing HEMS with enhanced capable of controlling household appliances. It is intended to link them to meteorological information as a future approach. This paper reports on our past achievements regarding HEMS application, its features and anticipated perspectives.
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    1. Introduction


    At NEC, we began commercialization of Home Energy Management System (HEMS) equipment in 2011 and more than 40,000 HEMS units have been installed by 2015.


    Full deregulation and liberalization of electric power retail sales to general households is scheduled for 2016. At the same time, energy suppression will become mandatory while the introduction of renewable energy systems is being encouraged. Such trends are tending to bring significant changes to the power supply market of general households. In consideration of a pressing need for compliance to the “Amended Energy Saving Act Standards” (a standard as of 2013) that will become mandatory for the housing industry by 2020, energy management of the entire household environment is now urgently required.


    In this paper, we will review market situation that surrounds HEMS, describe approach taken by NEC toward HEMS in the past and discuss anticipated perspectives.

  


  
    2. Situations Surrounding HEMS


    It was in 2012 that the Smart House/Building Standardization and Business Promotion Study Group of the Japan Smart Community Alliance, established by Japan's METI, recommended ECHONET Lite as the standard interface between HEMS and home appliances. This step has rapidly accelerated promotion of dissemination of equipment that is compatible with both HEMS and home appliances. Introduction thereby has expanded in particular with the energy equipment known as eight key products: Smart Meters, photovoltaic power generators, storage batteries, fuel cells, EV/plug-in hybrid vehicles, air conditioners, lighting equipment and water heaters.


    In FY2016, power system reforms are also to be advanced under the liberalization of power retailing for general households, as well as by deployment of Smart Meter installations and the previously opened route B communications (communications between the Smart Meters and HEMS terminals).


    In addition to the trends described above, new services are expected to be accelerated by new power companies that utilize the energy data communicated mainly via route B. Subsequently, studies and verifications aiming at utilization of energy data by HEMS will be boosted by enterprises that are participating in the “i-ENE Consortium”.


    On the other hand, renewable energy, particularly photovoltaic (PV) generation energy is expanding since the introduction of the fixed-price purchasing system. This has posed an important issue for power grid companies. In consequence, the power output of the renewable power generators has tended to be controlled more rigorously under the legislation that has resulted from the requests of the power companies.


    Due to continual significant changes in the business environment, including those in the aforementioned legislation system, service providers and equipment manufacturers are advancing efforts to achieve stabilization of their power grid systems.

  


  
    3. NEC's Approach to HEMS


    At NEC, we are promoting the dissemination of ECHONET Lite-compatible energy equipment and progressing the deployment of the Advanced Metering Infrastructures (AMI) by introducing Smart Meters in the general households. Together with these activities, we are extending the visualization function of the equipment and enhancing their operation/control functions for their uses with other multi-vendor equipment. We have actually succeeded in implementing easier-to-install systems by means of the ECHONET Lite-compatible equipment. We have also achieved an installation environment that makes use of the power information readout of the Smart Meters and a flexible system configurations to the change of usage purpose.


    Moreover, we have also linked the HEMS home terminals to the cloud computing and we are able to analyze the acquired home energy data in the cloud. In collaboration with our enterprise partners, NEC intend to expand the scope of our services to include power-saving advice, equipment surveillance and visualization of city's overall power consumption.


    (1) Approach to visualization


    With our HEMS, power consumption of each branch circuit is computed in the cloud, so users can view graphs of purchased power, sold power, PV generation, recharging and discharging at a glance (Fig. 1). This trend has led to emphasizing power-saving awareness and has changed the behavior of the users.


    
      [image: e150203_01.jpg]

      
        Fig. 1 Image of a top display.
      

    


    HEMS is connected to various devices including: the ECHONET Lite-compatible Smart Meters, Smart Distribution panel, home stationary storage battery system and the Vehicle-to-Home-compatible EV charger/discharger. Multi-vendor equipment is thereby enabled to be integrated and visualized (Fig. 2). HEMS system may then be used as an effective household multi-monitor.
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        Fig. 2 Momentary power consumption value of an EV-connected system.
      

    


    (2) Linkage with equipment possessing various power metering functions


    As a result of the opening of route B service by power companies to households and the wide deployment of Smart Meters, equipment with power metering functions have been marketed additionally such as ECHONET Lite-compatible PV controller, stationary power storage system and Smart Power Distributor Panel. Thus, NEC's HEMS can control various facilities automatically to utilize generated energy more effectively. In order to detect failures of installed equipment and to facilitate efficient energy consumption, information is collected not only from the stock power metering device but also from new equipment mentioned above.


    The standard method of power information collection from the Smart Meters via the route B communication is Wi-SUN standard, which is a 920 MHz band wireless communication standard. NEC's HEMS is compatible with this method by default and has actually acquired certification from the wireless section of the Wi-SUN Alliance and the SMA certification of the ECHONET Consortium.


    (3) Approach to equipment operation/control


    ECHONET Lite-compatible equipment such as air conditioners and household power storage systems can be controlled from inside the home using a PC or tablet, as well as from outside the home using a smartphone (Fig. 3). Each of such equipment has previously had to be controlled using its own remote controller, but currently, the innovative capability of controlling all of the equipment from a single terminal allows the user to reduce power wastage more easily and effectively than before.
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        Fig. 3 Web remote control (Controllable from a browser).
      

    


    HEMS also provides a function that automatically controls the operational settings of equipment after assessing environmental information, such as meteorological information. This function helps to meet the intention of the user (reduction of environmental load, improvement of economic balance efficiency) while not being consciously involved in applying the relevant control.


    In addition, HEMS supports the user's energy-saving operations by optimally using cloud computing. It predicts the PV generation amount for the next day based on the weather forecast information. Extra amount of power will be charged during the night when it expects that the PV generation will become insufficient for the next day power consumption. HEMS also generates an operation schedule for equipment that can reduce the need to purchase expensive daytime power for the same function. (Fig. 4).
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        Fig. 4 Linkage between meteorological information and storage batteries.
      

    


    (4) Expansion of services utilizing data collected by the cloud


    The power data measured by the HEMS terminal of each household and the environmental information (temperature, humidity, etc.) collected by each item of equipment are collected and analyzed by cloud computation, in collaboration with business partners, those data is further utilized to provide new services to end-users. Specifically, it analyses the equipment usage situations and offers energy-saving advice based on comparison with similar households and also assesses the PV power generation status and the charge/discharge status of stationary storage batteries. The provided services include an equipment surveillance service capable of detecting failures, information on the users residing in houses and apartments, and visualization of an entire metropolitan area based on aggregation of a wide variety of information on commercial facilities, etc.


    Each service is provided not only for the users but also for the persons in charge of the sales and maintenance of business partners. It thereby contributes to reducing their operating costs by simplifying sales and equipment installation tasks and reducing the maintenance and administration costs, as well as serving users by enhancing the value available to them.

  


  
    4. Future Perspectives


    As the reform of power supply systems and the introduction of renewable energies advance in the future, it is expected that power companies will progress the introduction of the “demand response (RD) system,” with which consumers are requested to adjust their power usage behavior. This strategy aims to optimally implement their operations in accordance to their designated power supply configurations. Furthermore, it is also expected that an expansion of renewable energy supplies will also bring about requests for controlling the PV power output. In order to deal with such a trend and to minimize the loss of consumers without downgrading their comfort standards, we believe that it will be extremely important to quantify PV power generation and power demand requirements more accurately and by those means to control energy storage devices more optimally.


    At NEC, we are determined to apply our big data analysis technology in this field so that we can contribute to the implementation of a safe, secure and comfortable society and everyday life by optimally controlling information and equipment via the collection and analysis of data supplied by HEMS. NEC's HEMS collects information from external environments such as meteorological information and from sensors installed inside and outside households. This is expected to increase in volume as a result of the dissemination of the IoT (Internet of Things).

  


  
    * ECHONET and ECHONET Lite are trademarks and/or registered trademarks of ECHONET CONSORTIUM.


    * Wi-SUN is a trademark and/or a registered trademark of Wi-SUN Alliance.
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    Abstract


    One of the means through which the transition to a sustainable low-carbon society is expected to be realized is the smart grid, which facilitates more efficient and stable energy use. Achieving this goal will require technology capable of effectively controlling multiple geographically separated systems. This technology also needs to be able to cope with any sudden environmental change. At NEC, we have been working on a control method for use in real world applications which utilizes autonomous adaptive control based on the biological adaptive mechanism to the environment. In this particular application, we are seeking to establish an energy management system (EMS) that doesn't force users to consciously make efforts to save energy; instead, we have applied this technology to the power control on the demand side and employed flexible equipment control as required. Tests have shown that our home energy management system (HEMS) can autonomously control the power to achieve intended target values by adjusting lighting and air-conditioning in response to environmental fluctuations.
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    1. Introduction


    In order to achieve a sustainable low-carbon society, more efficient and stable utilization of energy is required. One of the keys to realizing this is the “smart grid.” Unlike conventional control systems which generate power at the supply side according to the required amount of power on the demand side, the smart grid is expected to facilitate efficient control of supply and demand throughout the entire system based on an information and communication infrastructure.


    We believe that in the future the power grid control system will be decentralized. On the supply side energy will be sourced primarily from renewables using a distributed control system while power is actively suppressed on the demand side using a system that doesn't compromise convenience. We also believe that the entire control system should take the form of a local production/local consumption supply/demand balance control system based on a distribution network that can accommodate power in both directions (Fig. 1).
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        Fig. 1 Conceptual illustration of the smart grid.
      

    


    To make this possible, new control technology needs to be developed. The smart grid is comprised of many different systems dispersed geographically and ranging from the supply to the demand of power. In such a complex and constantly evolving environment, real-time optimal control using a centralized synchronous optimization method is difficult to achieve. To solve this problem, research into control that combines centralized control and distributed control is underway.


    At NEC, we are examining the application of autonomous adaptive control based on biological adaptive mechanisms to the environment 1), 2) as a means of achieving the smart grid. Autonomous adaptive control assumes applications to various social infrastructures in the real world, which is complicated and prone to fluctuations. It attempts to achieve optimization of the system as a whole by exchanging information locally and asynchronously based on indices that represent the efficiency of constituent subsystems. This makes the system robust enough to cope with any sudden environmental change, assuring stability of supply. Using this control method, we believe that we can develop a smart grid that enhances the efficiency of power usage by using supply/demand control of local production and local consumption.


    First, we applied autonomous adaptive control technology to controlling power consumption on the demand side. By using flexible equipment control according to situations, our goal is to create an energy management system (EMS) that enables users to save electricity without having to make a conscious effort (Fig. 2). This means achieving the ability to actively control the amount of electric power used and the cost by suppressing the amount of total generated power to the intended target value.
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        Fig. 2 Targeted energy management systems on the demand side.
      

    


    Suppressing electric power can have a negative impact on the comfort of users. To minimize this, our goal is to save electricity without affecting users by optimizing the allotment of electric power between different appliances according to actual usage conditions.


    This paper discusses the results of the tests carried out on NEC's home energy management system (HEMS) to verify the feasibility of the application of autonomous adaptive control technology on the demand side. To evaluate the ability of the autonomous adaptive control technology to suppress total generated power and track environmental fluctuations, tests were conducted in a house specifically designed for this purpose in Los Alamos County, New Mexico in the U.S. The results confirmed that power could be suppressed at the intended target value by flexibly controlling the lights and air-conditioning according to changes in the environment.

  


  
    2. Autonomous Adaptive Control


    Drawing its inspiration from biological adaptive mechanisms, autonomous adaptive control is a control method that continually adapts and adjusts to changing environmental conditions to keep the entire system running in a state close to be optimal. It takes advantage of repeating distributed computing using local efficiency indices (Fig. 3).
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        Fig. 3 Overview of autonomous adaptive control operation.
      

    


    This system operates using indices based on the control targets (efficiency, comfort, safety, etc.) of the subsystems that make up the overall system, rather than on settings for specific environments. Consequently, the system does not require any complex control rules.


    Using locally distributed computing between peripheral subsystems based on those indices, this method is able to bring the entire system to a state that approaches the optimum condition. Moreover, thanks to its ability to adapt to local fluctuations by recalculating as required, it has outstanding readiness. What's more, since the computing system is lightweight, it has scalability, allowing more subsystems to be incorporated as necessary.

  


  
    3. Application of Autonomous Adaptive Control Technology to HEMS


    When autonomous adaptive control is applied to HEMS, the power supply to appliances can be precisely controlled in situations where power is restricted - such as demand response - so as to minimize any potential deterioration in comfort levels. The autonomous adaptive control sees each device as a subsystem and bases control operations on comfort indices, assuming those indices represent the goal that the system is attempting to achieve. For example, one of those indices has been defined as the deviation between the user's desired value and the actual temperature.


    By inputting the power consumption, selected value, and actual measured room temperature into the autonomous adaptive control system, the appliances can operate in such a way that any deterioration in comfort is barely noticeable or not noticeable at all. At the same time, overall power consumption is maintained at the target value in sync with any environmental fluctuations (the selected values of air-conditioning and LED lighting are automatically adjusted).


    Because control operations are derived from the target end state, there is no need to consider the input/output characteristics of air-conditioning units, which makes it easy to apply the system to a variety of uses in the home. Autonomous adaptive control can also be scaled according to the number of appliances being controlled; in fact, we're confident that the mechanisms that control a HEMS can be scaled up to control a full EMS that covers communities and cities.

  


  
    4. HEMS Testing and Validation


    We controlled appliances in the test house using autonomous adaptive control. The following points were evaluated during testing:


    
      	Whether or not the power consumption of the entire house could be suppressed to the intended target value


      	Whether or not the system can maintain control and suppress power consumption as required, while responding to environmental fluctuations (such as changes to appliance setting values, as well as their priority levels)

    


    (1) Test configuration


    In this test, the items controlled included all household electrical appliances compatible with the characteristics of the autonomous adaptive control system


    
      	Air conditioners (8 units)

      The models tested were designed for home use. The operation mode was set to heating, and the air flow to the weakest setting. The temperature setting was adjusted between 18 and 32°C.


      	LED lights (10 units)

      The dimmer setting was set to fixed, and the brightness setting was adjusted from level 1 to level 10.

    


    Other home electrical appliances (an LCD television, refrigerator, hot water server, etc.) were not used as control subjects.


    (2) System configuration


    The control system combined the autonomous adaptive control module with the HEMS of the house (Fig. 4).


    The HEMS executed the acquisition of information from the household electrical appliances and the control commands to those appliances. The data retention and control commands were performed via the database (DB). The autonomous adaptive control module input and output the data from the monitored devices via the DB. Although the implementation was centralized, virtual devices were generated within the module and computing was performed there in a distributed manner.
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        Fig. 4 System configuration in the test.
      

    


    (3) Evaluation scenario


    The validation evaluation was conducted by following the scenario below.


    
      	Initial settings

      The brightness settings for the LED lights were set at levels 5, 6, 7, 8, and 9 for every two units respectively, while the temperature settings for the air conditioners were set at 22, 23, 24, and 25°C for every two units. The degrees of priority were set to the same settings for all units.


      	Target power consumption settings

      The power consumption target values for the whole house were set at 5,000 W and 3,500 W incrementally.


      	Changes in appliance priority settings

      One of the air conditioners and one of the LED lights were set to a higher priority than the others.


      	Cancellation of the priority settings

      The priority settings were canceled so that all the settings the same.


      	Cancellation of target power consumption settings

    

  


  
    5. Results


    Now, let's examine the test results according to the power transition graph for the whole house and the graph for each appliance's selected values.


    Fig. 5 shows the value transition of each appliance.


    It is clear from this graph that the power of each appliance was controlled according to the settings of the target values, and the total power was near the target value. It is also clear that, even when the priority of the appliance was changed, the total value maintained the designated target value. The results indicate that power usage throughout the house could be effectively controlled and stabilized at the intended target value.
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        Fig. 5 Transition of the power consumption of the appliance.
      

    


    Fig. 6 and Fig. 7 show the transitions of the selected values of each appliance.
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        Fig. 6 Transition of the selected temperature of air conditioners.
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        Fig. 7 Transition of the selected brightness of LED lights.
      

    


    From initial setting until power suppression was initiated, all the appliances operated at the desired values. Next, it is clear that the selected values for both the air conditioners and LED lights could be uniformly controlled after power suppression had been initiated. The selected values for both the air conditioners and LED lights were set to use as little power as possible. It is also clear that, after the degrees of priority were set midway through the test, only the selected values of those units whose degrees of priority had been raised were adjusted to higher levels. In other words, control operations were performed so that the selected values of the units with higher degrees of priority approached the desired selected values. These results indicate that the autonomous control system was able to adapt to the changes in condition that accompanied the adjustments made to the selected values and degrees of priority of the units.

  


  
    6. Conclusion


    To help make possible an EMS which would be able to reduce power consumption without noticeable adverse effects on user comfort, we tested our autonomous adaptive control system on the air conditioners and LED lights in the house specifically configured for testing, and then we evaluated how effectively the system was able to suppress overall power consumption and how well it tracked environmental fluctuations.


    The tests confirmed that power could be maintained around the intended target values. We confirmed that control was also possible when the selected values for each appliance were changed as well as when changes in priority were input by the resident. In other words, the system made it possible to actively reduce power consumption using the equipment configuration of the HEMS while adapting to changes in settings and environmental conditions.


    Part of this research was made possible thanks to the cooperation of the US-Japan smart grid demonstration projects in New Mexico in the U.S of the New Energy and Industrial Technology Development Organization (NEDO) of Japan.
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    Abstract


    Use of both the electric vehicle (EV) and the plug-in hybrid vehicle (PHV) is expected to increase as clean vehicles become more desirable. However, in order to sustain the expected growth in the market the preparation of suitable charging infrastructures will be an essential requirement. Deployment of EV charging infrastructure services in a commercial context and a reduced labor input by business operators will be required to effectively operate the systems after installation. To deal with this issue, NEC has developed an EV charging infrastructure system that is equipped with remote operation & maintenance/energy control, member authentication and E-money payment functions so that the business operators can install and operate it efficiently and securely. The system also provides cloud-based services for the EV/PHV users, such as a charging station map and a charging completion mailing function. In the future, NEC is also planning to study the application of cloud-based services for other environment-friendly vehicles, such as the fuel cell vehicle (FCV).
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    1. Introduction


    Global warming measures and the enhancement of the competitive power of the Japanese automobile industry herald a massive dissemination of electric vehicles (EV) and plug-in hybrid vehicles (PHV). This trend will feature the introduction of highly environmentally friendly systems and energy efficiencies. The preparation of suitable infrastructures for recharging the vehicles has also become an essential need. Since FY2012 the Japanese Ministry of Economy, Trade and Industry (METI) has been encouraging business operators to introduce charging equipment by subsidizing the development of charging infrastructures. It is now urgently required to create a service that takes user convenience into consideration, as well as providing an environment that facilitates installation of new models enabling the deployment of effective commercial charging solutions. In this paper, the authors introduce the “cloud-based EV/PHV infrastructure charging service” (Fig. 1). This is a service deployed by NEC with the aim of creating new values.
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        Fig. 1 Cloud-based EV/PHV charging infrastructure service.
      

    

  


  
    2. History of Cloud-Based EV/PHV Charging Infrastructure Service Business


    2.1 The Start of a Commercial Service


    NEC started commercialization of the cloud-based EV/PHV charging infrastructure service in October 2011. However, as many of the business operators at that time did not recognize the need for the automation of the charging equipment administration or for authentication and billing, they tended to introduce the charging equipment only as a standalone system.


    2.2 Joint Demonstration Experiment by Oil Wholesalers


    In 2012, a joint demonstration experiment was begun by oil wholesalers as a project subsidized by the Resources and Energy Agency, METI. It tested the possibility initiating the billing of services by mutually linking the gas user membership cards of the wholesaler companies.


    In this experiment, NEC's cloud-based EV/PHV charging infrastructure service was located in a focal position and was linked to the cloud-based centers of other companies (Fig. 2). This arrangement permitted a personal authentication service by using the gas user membership cards on the chargers installed at the service stations (SS) of the wholesalers. The experiment was completed with a highly satisfactory evaluation.
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        Fig. 2 Linkage between cloud-based centers in the demonstration experiment.
      

    


    Moreover, it also succeeded in exerting a significant influence on the business operators that had installed chargers with regard to how easily the administration including billing was performed and on how user convenience might be improved.


    2.3 Demonstration Experiment at Hakone, Kanagawa Prefecture


    NEC has tested the billing of the EV charging service by carrying out a demonstration experiment from January 2013 at the town of Hakone, Kanagawa Prefecture.


    Changeover to the paid service involves the following issues:


    
      	Collection of data for use as an index of tariff settings capable of recovering the cost of a paid service operation, including data for the introduction of authentication and billing equipment and that for their operations.


      	Administration of unattended charging equipment (maintenance, tamper prevention, etc.)

    


    To resolve these issues, we installed NEC's charging controller in each of the existing chargers made by other manufacturers in order to act as the interface for the cloud-based authentication/billing services. By connecting the controllers to the EV cloud charging, we were able to introduce unattended charging spots based on card authentication as well as to collect data for use as a tariff setting index (charge quantity, charge count, etc.) for the administration center (Fig. 3).
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        Fig. 3 Outline of the demonstration system.
      

    


    Remote maintenance and remote surveillance from the cloud system enabled us to counteract failures and to prevent tampering related to card authentications.


    The Hakone Municipality approved the installation of the cloud-based charging infrastructure because it contributed to a significant reduction in human labor by automating the charging spot operation. This function had previously required the attendance of municipal workers when charging vehicles.


    In the future, we will promote networking of standalone charging equipment in order to deploy a highly convenient cloud-based infrastructure charging service. This will be based on the technology and expertise that has been cultivated through the development of service platforms that make use of the EV cloud-based charging systems.


    This demonstration experiment was conducted as part of the “FY2012 entrusted project for study and a survey of the introduction of an authentication/billing system of rapid chargers for electric vehicles”. It was entrusted by Kanagawa Prefectural Government to be performed by NEC.


    2.4 Collaboration with Japan's Biggest Distribution Company AEON


    In parallel with the demonstration experiment at Hakone, we also had a collaboration with AEON Co., Ltd., the biggest distribution company in Japan. This consisted of a demonstration experiment of the E-money billing of charging equipment based on authentication using AEON's E-money card called the WAON Card. It was conducted at the AEON Mall Koshigaya Lake Town, one of the largest malls in Japan, from November 2012.


    In the demonstration experiment collaborated with AEON, we provided a cloud-based administration charging service, a cloud-based authentication/billing service and a call center service and examined the following operational issues in the framework of the AEON EV Expanded Project initiated by major AEON Group companies,


    
      	Unification of operation methods that varied between charger manufacturers.


      	Measures to be adopted in the case of WAON card authentication errors.


      	Vehicle moving method after charge completion.


      	Measures in the case of an E-money (WAON) billing mistake.

    


    From the operational aspect, the disaster prevention center of each mall plays the main role by supporting users face to face.


    We analyzed and visualized the data accumulated in the cloud-based infrastructure charging service collaborated with AEON and have analyzed the potential for new services through the CRM (Customer Relationship Management) technique. We are particularly aiming at new services that ride on the strength offered by the use of the WAON card and which can offer various advantages to both the user and the business operator, AEON.


    2.5 The Establishment of Nippon Charge Services (NCS), and Its Service Provision


    In May 2014, Nippon Charge Services LLC (NCS) was established under the leadership of four Japanese automobile manufacturers (Toyota Motor Corp., Nissan Motor Corp., Honda Motor Company and Mitsubishi Motors Corp.) This event triggered a new challenge aiming at expanding charging infrastructures for electric type vehicles (EV, PHV, PHEV).


    It was NEC's cloud-based EV/PHV charging infrastructure system that was adopted to realize the unprecedented attempt to install networking chargers all over Japan and to create a unified mechanism for charging services and billing.


    The establishment of the NCS has begun to operate the charging equipment nationwide for NCS-affiliated members and for collaborating chargers, thereby bringing about a significant change in the previous business model of charging infrastructures.


    This service makes use of the administration technology, the inter-cloud linkage technology and the authentication/billing technology that NEC has cultivated through past experience in operating the cloud-based infrastructure charging service.


    This service makes use of the administration technology, the inter-cloud linkage technology and the authentication/billing technology that NEC has cultivated through past experience in operating the cloud-based infrastructure charging service.


    2.6 AEON⇔NCS Collaboration


    In FY2014, the NCS went further than simply using the installed charging equipment based on the in-store dissemination project. It decided to promote positive collaboration with enterprises running services by using independent cards such as AEON's WAON card. Their charging equipment was thereby categorized as affiliated equipment.


    NEC has built a system for enabling authentication and billing at the charging equipment installed in each AEON mall. This arrangement results from applying NEC's proprietary cloud linkage technology and expertise.


    In this way, NEC supports the implementation of a service that permits EV/PHV charging anywhere in Japan via card access.

  


  
    3. CEATEC Award 2013 Grand Prix


    At CEATEC JAPAN 2013, NEC's innovative cloud-based EV/PHV charging infrastructure service (Fig. 4) received high evaluation and won the Grand Prix of the Network & Service Category of CEATEC AWARD 2013 with a comment stating that “This service is required to function as a system hub and its availability is highly significant for society. The multi-payment facility assures its dissemination, for example by capitalizing a company based EV charging”. This award encourages us to propose further enhancement of the service model in the future.
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        Fig. 4 Multi-vendor charging infrastructure service.
      

    

  


  
    4. Future Perspectives


    NEC's cloud-based EV/PHV charging infrastructure service is expected to achieve further development by connecting to various other services. As our next target, we are planning to create a service model that allows EV/PHV users to ride their vehicles with secure minds and for the charging business operators to operate their charging equipment smoothly, supported by the information collected at large NCS centers. This service is to be developed in collaboration with the NCS as well as with the Japan Charge Network Co., Ltd. who are currently deploying a similar service to that of NEC.


    The service is not simply an attempt to provide charging infrastructures but it is also expected to provide a foundation for various other traffic-related businesses. We anticipate that it will contribute to the promotion of an increase in the use of EVs and PHVs in Japan by collaborating with parties deploying activities over a wider range of fields (Fig. 5).
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        Fig. 5 A world made real by NEC's cloud-based EV/PHV charging infrastructure service.
      

    


    Considering the role of EV in working as a “mobile battery” in the case of a disaster, we would also like to emphasize its value as a social solution by strengthening the central service by incorporating disaster countermeasures. In addition, the mechanism of the NEC charging cloud service is also applicable to the hydrogen stations for the FCV (Fuel Cell Vehicles), the next-generation environmental vehicle that is expected to be increasingly available in the future.


    In the future NEC will not function merely as an installer of charging equipment, we will actively support the dissemination of the service as a core information transmission facility. We intend thereby to create advanced urban areas that can meet the needs of various groups of people, and to support the implementation of a society that will be resistant to adverse environmental conditions and disaster events.

  


  
    * WAON is a registered trademark of AEON Co., Ltd.
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    Abstract


    NEC has commercialized a 7.8 kWh model of a household/corporate-oriented compact energy storage system incorporating a lithium ion battery with a 15-year warranty. Moreover, due to its integrated construction it features a short installation work period. According to an analysis of the usage data of previous models, the present model is given a storage capacity of 7.8 kWh, which is optimum for home use. It has a rated output of 3.0 kW under normal operation. It stores the low-priced power during nighttime or surplus power of photovoltaic generation, and then it uses them in daytime. Such features allow users to achieve further power and cost savings and to enjoy comfortable everyday life. The system is also capable of running various home appliances in the case of a power outage.
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    1. Introduction


    The explosive dissemination of renewable energy such as photovoltaic power is expected to expand the use of energy storage power systems for the benefit of society. NEC provides energy storage systems that can meet the demands of electric power companies, fabrication plants, buildings and households etc. Our products are based on the achievements of our lithium ion battery development over many years, as well as on high quality, reliability, safety and innovative car-mount mass-production technology.


    It was NEC that commercialized household/corporate-oriented compact energy storage systems by leading the Japanese industry in the summer of 2011. In November 2014, we announced a third-generation model with a capacity of 7.8 kWh. In this paper, we introduce the product outline, basic configuration and operational modes of the new compact energy storage system.

  


  
    2. Product Outline


    Photo shows the appearance of the compact energy storage system and the Table gives its specifications. What the compact energy storage system does is to “store electricity and use it smartly”. For example, it can store low-priced nighttime power in order to reduce the electricity charges. Moreover, it can also contribute to dealing with the peak local power demand and serve as emergency backup power in the case of a power outage.The following subsections describe features of the compact energy storage system.


    
      [image: e150206_01.jpg]

      
        Photo Compact energy storage system (7.8 kWh model).
      

    


    
    
      Table Specifications of 7.8 kWh energy storage system.
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    (1) Secure remote support


    NEC collects and manages energy usage data such as the power consumption status and photovoltaic power generation situation via the Internet. This means that we can monitor the energy storage system status permanently for 24 hours a day and for 365 days a year.


    Even if the pattern of household power consumption or the electricity charge system changes in the future, it will be dealt with by modifying or updating software via the network. This allows users to always use the system conveniently and in a comfortable environment.


    (2) Automatic power usage control in linkage with the power company grid


    NEC's energy storage system is linked permanently to the power grid. It stores nighttime power in a smart way and controls the power usage automatically.


    (3) Combination with HEMS for efficient energy usage


    When the system is combined with NEC's cloudbased HEMS (Home Energy Management System), optimum power supply for the entire household can be achieved by “visualizing” the power consumption and providing the electricity charges within the house. This feature contributes to more efficient energy usage.


    (4) Linkage with photovoltaic power generation systems


    The compact energy storage system controls automatically whether the surplus power of the photovoltaic generation is to be “sold” or “stored”. Combination with a photovoltaic power generation system makes it possible to operate the storage system in the most efficient manner, and to match the lifestyle of each user.


    Furthermore, when the power obtained by photovoltaic generation is excessive, the power supply from the storage system to the house is interrupted automatically. This allows the user to sell the surplus power always at the highest limit price, without being regarded as “double power generation” for which the power purchase price would be lower.


    The storage system can be linked with the photovoltaic power generation systems of various manufacturers.


    (5) Large capacity (7.8 kWh)


    The storage capacity may be as high as 7.8 kWh, and the rated output accepts equipment up to 3.0 kW in normal use and 1.5 kW during a power outage. This means that, in a house, the system can run various appliances including ones with high power consumption, such as a refrigerator (120 W) and LCD TV (110 W), for about 18 hours*.


    (6) Safety


    In order to “store and use electricity” repeatedly, the compact energy storage system is required to have high safety and reliability features. At NEC, we develop compact energy storage systems with the “safety first” concept so that they can be used securely and safely in the home.


    (7) Long-term warranty (15 years)


    NEC's compact energy storage systems are warranted for a safe period of 15 years. The fan-less structure is adopted in consideration of the waterand dust-proofing requirements. Optimum thermal design is provided so that maintenance tasks such as filter replacement are unnecessary.


    (8) Lithium-ion battery


    At NEC, we have been developing and marketing the lithium-ion battery for use in notebook PCs, cellphones and digital cameras as well as for power-assisted bicycles. Our products are highly evaluated so that our battery technology is currently being adopted in electric and hybrid vehicles that impose high safety requirements. The compact energy storage system is also a result of these technologies.


    (9) Easy installation, environmental friendliness


    A slim body with a depth of 30 cm allows the system to be installed in a wide range of locations. The liquid protection performance equivalent to IPX5 enables safe outdoor installation. The system also features excellent quietness with a noise level below 40 dB thanks to its fan-less structure.

  


  
    * An approximate value, which is variable depending on various conditions.

  


  
    3. Basic Configuration


    The energy storage system is composed of energy storage packs that stores electricity, a power conditioning system (PCS) that converts battery power from DC to AC, and a system controller that enables linking with the photovoltaic power generation system, etc. (Fig. 1). The following subsections give a description of each of these components.
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        Fig. 1 Energy storage system configuration.
      

    


    (1) Laminated lithium-ion battery featuring outstanding durability, safety, service life and energy density


    NEC has adopted a laminated design for the lithium-ion battery. The basic unit of a battery is the cell. Individual cells are designed based on our expertise acquired in the field of car-mount battery cells and feature high impact and shock resistance, advanced safety features and long life. Modules are collections of cells that are designed to feature high density and high thermal safety. Even in a case where heat is generated, it is absorbed by the cabinet of each module. The battery pack is composed of an optimum number of modules and it is controlled by the battery management unit (BMU). The BMU performs the voltage balance and high voltage controls in order to secure the safety of the pack as well as of the individual cells.


    (2) PCS for efficient conversion of various energy sources


    The functions of the PCS are for the conversion of the DC power of the battery to AC power and for the adjustment of AC voltage and frequency to match the home appliances to the linked power grid. In addition, it also enables linking with a distributed power source such as a photovoltaic power generator and it has the capability of converting various energy sources efficiently.


    (3) Energy management technology of the system controller


    With NEC's energy storage system, the system controller controls the operation of the individual cells and modules, linkage between the storage system and the grid power and it also integrates their data. The system controller provides an energy management system making use of ICT, such as for minute energy management via control software and it also stabilizes external connections (Fig. 2). It is linked with HEMS in order to enable visualization of the energy storage status in the home and it is also capable of providing a variety of services, including remote mode switching and smart power conservation.
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        Fig. 2 Power distribution from the energy storage system.
      

    

  


  
    4. Operation Modes


    The “Normal operation mode” is used to store the lowpriced nighttime power in the compact energy storage system and to use it during the day. Power stored in the compact energy storage system is used according to daytime power demand (Fig. 3, top).


    The “peak-cut operation mode” reduces the peak power consumption amount. This mode uses the stored power when the consumed power exceeds a preset value. When the stored power runs out or the upper limit is exceeded, electricity from the power company is used to compensate for the shortfall (Fig. 3, bottom).
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        Fig. 3 Normal operation mode (top) and peak-cut operation mode (bottom).
      

    


    Two operational modes are available for combination with a photovoltaic power generation system. These are the “green mode” and the “economy mode” (Fig. 4). The “green mode” aims at self-sufficiency as far as possible. It prioritizes storage of surplus power in the energy storage system and transfers it to power sale whenever the system is fully charged. The “economy mode” aims at power sale as far as possible. It is based on self-consumption of the power generated by the photovoltaic generator but also performs auto control positively, aiming at selling the surplus power.
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        Fig. 4 Green mode (top) and economy mode (bottom).
      

    


    Other additional operation modes are the “manual operation mode” and “power outage operation mode”. The “manual operation mode” is used when the user needs to charge the batteries in order to prepare for a disaster, e.g., in advance. Pressing a button on the control panel starts charging the system regardless of the current operation mode. When power outage is detected, the “power outage operation mode” is initiated automatically to discharge the stored power. The operation mode in use before the power outage resumes automatically when the outage is released.

  


  
    5. Conclusion


    NEC makes the compact energy storage system available via housing manufacturers, construction material trade companies and partner enterprises, such as by the ONE Energy Corporation that provides energy storage system rental service. NEC intends to continue to contribute to the implementation of a comfortable, safe and secure lifestyle by offering efficient energy usage via the compact energy storage system described above.

  


  
    * ECHONET Lite is a registered trademark of ECHONET Consortium.
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    TOCHIHARA Isao, MARUOKA Kazunori, KOMIYA Yoshihiro, SUZUKI Shin, TAMURA Hiroaki, UENO Hiroaki
  


  
    Abstract


    NEC Energy Devices has developed a lightweight, long-life lithium-ion secondary battery pack suitable for use in power supply systems of communications equipment installed in areas that experience power supply difficulties. The battery pack features a high level of safety and long life due to the manganese cathode material and stacked electrode structure. These are implemented by making full use of our experience in the development/production of lithium-ion secondary battery (LIB) with laminated exteriors for use in electric vehicles (EVs) and large power storage devices, the battery management system (BMS) and the battery pack structure design and the control software. This paper introduces a 19-inch rack mountable 48 V battery pack developed based on the above technologies for use in the power supply systems of communications equipment.
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    1. Introduction


    The secondary battery is an environment-friendly battery featuring a high energy density, freedom from use of environmentally regulated substances including cadmium, lead and mercury, and low energy losses during charging and discharging. Due to the compact size and light weight, its usage is increasing for power supplies to small-size mobile equipment including notebook PCs and smartphones, as well as for drive power supplies for power-assisted bicycles, electric bikes (E-Bikes) and electric vehicles (EVs).


    More recently, the high energy efficiency (discharged power/charged power) of the secondary battery is accelerating its applications for various purposes, aiming at implementation of an energy-saving society and the effective utilization of renewable energies, such as for households and industrial electricity storage systems. Also supported are measures dealing with demand fluctuation and frequency adjustments in power supply systems (Fig. 1).
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        Fig.1 Energy efficiencies of electricity storage devices.
      

    


    In this report, we introduce a 19-inch rack mountable 48 V battery pack for use in power supply systems for communications equipment. This equipment has been developed based on the battery technology possessed by NEC Energy Devices.

  


  
    2. Configuration of Power Supply Systems for Communications Equipment


    Fig. 2 shows the skeleton configuration of a power system for communications equipment that employs the newly developed battery pack. The system is composed of a rectifier that converts AC from the power supply system or diesel generator into DC, a battery pack that supplies power to the communications equipment in the case of a power outage, and a controller to manage communication between the rectifier and battery pack.
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        Fig. 2 Power supply system configuration.
      

    


    At present, lead-acid storage batteries are usually used in power systems for communications equipment. The lead-acid battery is widely disseminated because of its ease of use, low price and easy availability, but the low energy density and the difficulty of weight and size reduction are influencing expectations for its replacement with the lithium-ion secondary battery. The new battery pack presented in this paper features the use of a lithium-ion secondary battery in the power supply system by replacing the previously used lead battery.

  


  
    3. Laminated Lithium-ion Secondary Battery


    The newly developed lithium-ion secondary battery (LIB) is a result of our experience in the fabrication of electrodes for the LIBs employed in EV “LEAF” launched by Nissan Motor Co., Ltd. in December 2010. The technology thus acquired is fully applied from the battery material procurement to production stages and assures the high reliability of the new LIB.


    3.1 Manganese Cathode Electrode Material


    NEC Energy Devices use lithium manganese oxide with a spinel structure as the active positive-electrode material. The spinel structure features a stable crystalline structure even in the charged state (in which lithium-ions are removed) (Fig. 3), which means that the battery will not cause thermal runaway even in an overcharged state.
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        Fig. 3 Crystalline structures of positive-electrode active materials.
      

    


    3.2 Stacked Electrode Structure


    The lithium-ion secondary battery of NEC Energy Devices has a stacked structure in which the positive and negative electrodes are stacked alternately (Fig. 4). This structure provides the battery with lower internal resistance and heat generation than for the winding-type structure, which is used mainly in cylindrical and prismatic batteries. Consequently, the stacked structure makes it easy to implement a power supply system without using a fan and to simplify the heat radiation structure.
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        Fig. 4 Cell electrode structure.
      

    

  


  
    4. Lithium-ion Secondary Battery Pack for Communications Equipment


    4.1 Outline of LIB Pack for Communications Equipment


    Photo 1 shows an external view of a lithium-ion battery pack for communications equipment, of a size mountable in 2U of a 19-inch rack. Table 1 shows its main specifications. The lithium-ion batteries (single cells) have an average voltage of 3.8 V – 10 Ah. In consideration of the operating voltage range of communications equipment, thirteen single cells are connected in series in order to cover a voltage range from 39 to 53.3 V. The battery pack is given a capacity of about 2 kWh by connecting four 10 Ah cells in parallel. Other provided facilities include the monitoring of a total of 52 single cells and a battery management system (BMS) for use in communications with the rectifier.
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        Photo 1 Battery pack.
      

    


    
    
      Table 1 Battery pack specifications.
    
[image: e150207_06.jpg]


    This battery pack is designed to control all operations on the front panel, which has a battery start switch (with a cover), output terminals (+, -) and LED indicators (running, error, etc.). It can be installed either vertically or horizontally according to the power supply system configuration.


    4.2 Single Cells


    Table 2 shows the main specifications of the single cell and Photo 2 shows its external view.


    
    
      Table 2 Single cell specifications.
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        Photo 2 External view of single cell with a holder.
      

    


    By optimizing the electrode design and mixing an additive originally developed by NEC that forms a stable, low-resistance film on the electrode, the single cell is capable of 4,000 cycles of 4.1 V charging and 0.2 C discharging (70% remaining capacity). The operating life is expected to be about 10 years.


    4.3 Assembled Battery Structure


    Fig. 5 shows a battery configuration in which thirteen single cells are assembled in series. The assembled battery adopts the design studied for the battery pack for E-Bike that supports the single cells with a holder (frame) (patent pending). We have designed the optimum frame structure using structural analysis, prototyping with the 3D printer of NEC Energy Devices and by drop/impact testing. We adopted this holder to improve the workability and accuracy of the assembly as well as for the resistance of the battery pack to vibration and impact during transport and installation. NEC Energy Devices will in future use this holder in the standard configuration of its battery packs.
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        Fig. 5 Assembled battery.
      

    


    4.4 BMS


    Fig. 6 shows the block diagram of the BMS and Table 3 shows its main specifications. The functions of the BMS include: monitoring of single cells (voltage, current, temperature, remaining capacity, etc.), battery protection against overcharge, over-discharge and over-current, communication for noticing rectified battery states, and providing warning for notification of battery errors.
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        Fig. 6 Block diagram of BMS.
      

    


    
    
      Table 3 Functions of BMS.
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    The newly developed BMS can connect up to 16 battery packs in parallel (max. capacity 32 kWh). The number of connected battery packs can be adjusted according to the power required by the communications equipment so that an optimum system can be built.


    The BMS monitors the voltages of all of the 52 single cells through the four analog front ends (AFEs). If differences are detected between voltages across the single cells, the BMS controls the cell voltages to eliminate the differences. This function makes it possible to obtain the full performance of the battery packs and use them for a long period. The BMS also incorporates a lightning surge countermeasure in consideration of its outdoor installation.


    4.5 CAN Communication


    The traditional lead battery-based power supply systems of communications equipment do not control the battery charge current. Meanwhile, the power supply system based on the present battery packs is capable of notifying the rectifier of the battery pack data via communication to optimize the charge current according to the output power of the communications equipment.


    Communication uses the CAN (Controller Area Network) to transmit/receive detailed information including the battery pack status with a flexible configuration. This enables optimum system control with regard to the information on the battery pack, even for an application other than the system described herein.

  


  
    5. Conclusion


    In the above, we introduce a battery pack for use in a power supply system for communications equipment that has been developed based on the proprietary battery technology of NEC Energy Devices. The battery pack incorporates technology accumulated from experience gained in the development/manufacturing of EV electrodes and the development of packs for motor driving application and we are satisfied that it achieves the performance and quality requirements of users of communications equipment.


    Additionally, CAN communication is used to facilitate information transmission from the battery packs to the system, thereby improving its reliability. We believe that the application of the battery pack is not limited to communications equipment but is also usable in the backup power supply system for servers, camera, monitoring equipment or lighting equipment as well as for the motor drive power supply of mobile equipment, etc.

  


  
    * LEAF is a registered trademark of Nissan Motor Co., Ltd.
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    Abstract


    Year after year, unit prices of electricity in Japan have been going up, increasing the burden on ratepayers. To help electricity consumers manage their consumption and exert greater control over their costs, NEC has been pushing forward with the development of a Building Energy Management System (BEMS) capable of forecasting demand for electricity and controlling the facilities accordingly. In this paper, we will take a closer look at our electricity demand prediction system and show how we have elaborated on it to create a system that will help make operations smarter as exemplified by the system we configured for, and delivered to, Obayashi Corporation Technical Research Institute. Also introduced is another case study in which the knowledge gained from the Obayashi Corporation deployment was applied to NEC Tamagawa Plant, Building 9.
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    1. Introduction


    Unit prices of electricity in Japan have been rising steadily in recent years. The resulting rate increases have become a major issue for users.


    Electricity charges are composed of two main components: a base rate that corresponds to the contracted power and a watt hour rate that corresponds to the consumed power. Typically, efforts to keep these costs down involve forcing a reduction in electricity consumption through such activities as by turning off or removing lights and lowering air-conditioning settings. In other words, in order to save money, comfort and convenience are sacrificed. While these methods can help reduce energy usage, we don't think that it is a smart way to manage a space where workers must function at peak efficiency on a daily basis. Instead, we believe that the most effective way to minimize electricity rates, while maintaining a comfortable, efficient workspace, would be to streamline power consumption so that rather than being concentrated at certain times of the day, it is dispersed throughout the day.


    NEC is developing a system that forecasts power demand in buildings and offices with a very high degree of precision. By identifying those time periods where power usage is concentrated, the system enables consumption to be dispersed, taking the pressure off users to consciously limit their consumption.

  


  
    2. "Smartizing" Energy Management and Overview of the System Installed at Obayashi Corporation Technical Research Institute


    In January 2015, NEC smartized energy management at Obayashi Corporation Technical Research Institute (Photo) in Kiyose, Tokyo by introducing a system that makes it possible to forecast electricity demands and disperse power usage accordingly.
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        Photo External appearance of the main building of Obayashi Corporation Technical Research Institute.
      

    


    In addition to this system, large-scale power sources (photovoltaic generation facilities, micro-combined generation systems, and large-capacity batteries) were installed, as well as an energy management system (EMS). A reduction in contracted power of about 32% is anticipated when these systems are operating in conjunction with one another.

  


  
    3. Power Demand Forecast Technology


    To forecast demand for electricity, this system uses our Heterogeneous Mixture Learning Technology - one of various methodologies used to analyze big data. Its main features include high precision, automatic analysis and a clear calculation basis for the predicted results.


    With this system, we have systematized electricity demand prediction using the Heterogeneous Mixture Technology for the first time. The outline of the system configuration is shown in Fig. 1.
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        Fig. 1 Schematic diagram of the power demand prediction system.
      

    


    The data required to forecast electricity demand is collected from EMS and weather information service servers in the power volume prediction server, which analyzes the data using predictive models to generate a prediction.


    When the predictive model itself needs to be reviewed or revised, the power volume prediction server data sends an update request together with the collected data to the prediction/data management server in the energy system's cloud. The prediction/data management server then recalculates the predictive model by communicating with the Heterogeneous Mixture Learning engine, returning the results to the power volume prediction server. By periodically reviewing predictive models this way, we can ensure that we are always using the latest, most up-to-date model. The prediction results are provided to the EMS which uses them as the basis for managing the energy system, optimally controlling the micro-combined generation systems and large-capacity batteries to prevent over-consumption of power.


    This mechanism makes it possible for us to generate power demand forecasts with very high levels of accuracy.

  


  
    4. Dispersing Electricity Consumption


    The forecast obtained by the functions described in the preceding section is shown on the Obayashi Corporation Technical Research Institute internal website. In addition to this, we have built a system called Demand Navi that optimizes management of electricity consumption in the institute. This uses a scheduling function that judges whether or not laboratories should be used on a reservation basis to avoid concentration of experiments that require a large amount of electricity and to postpone such experiments according to the value of predicted electricity demand. A sample screen from this system is shown in Fig. 2.
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        Fig. 2 Demand Navi sample screen.
      

    


    Detailed information about each experiment reservation is provided to the EMS, which uses the data to optimally control the micro-combined generation systems and large-capacity batteries to prevent overuse of power.

  


  
    5. Demand Response


    This system implements two demand response functions.


    (1) In-house demand response


    Whenever it appears likely that the contracted electricity amount will be exceeded, despite dispersal of consumption, an email is sent to all staff in the institute asking them to take measures to reduce power use.


    (2) Community demand response


    This system complies with the OpenADR 2.0b Profile Specification, which is an international standard for automatic demand response. Compliance with this standard enables the system to receive and comply with requests to reduce power consumption from external entities such as power companies.

  


  
    6. Visualization


    This system adopts AR (augmented reality) as well as a function to display current conditions in real time to achieve SCIM (Smart City Information Modeling) proposed by Obayashi Corporation. A sample screen from the system is shown in Fig. 3.
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        Fig. 3 SCIM visualization screen.
      

    


    The screen shown in Fig. 3 is also an example of what is displayed on the Technical Research Institute's internal website. In the upper left part of the screen, 3D objects are displayed. Viewpoints can be freely changed and the image rotated as desired.

  


  
    7. Future Deployment


    The technology and know-how gained when this system was built has since been put to use in what we call the Tamagawa Smartization Project.


    For this project, we built an energy-saving system at the NEC Tamagawa Plant, Building 9 in fiscal 2014. As with the Obayashi project, the goal in this case was to minimize power consumption without impacting the comfort of the work environment. A conceptual diagram of this system is shown in Fig. 4.
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        Fig. 4 Conceptual diagram of the Tamagawa Smartization Project system.
      

    


    The two main features of this system are described below.


    (1) Optimizing comfort based on the QoWL index


    Based on NEC's original QoWL (Quality of Working Life) index, three kinds of data - room temperatures, subjective data of whether it's too hot or too cold, and communication activity ratios to measure the quality of operations - are collected in the energy cloud to calculate the comfort of the working environment.


    When the communication activity ratios to measure the quality of operations are aggregated, intelligent motion detectors are used to determine where people are located and how many of them are gathered in specific areas. This makes it possible to fine-tune airconditioning output to ensure that people are comfortable and that energy usage is kept to a minimum.


    (2) Power demand forecasting using the Heterogeneous Mixture Learning Technology


    The energy cloud we built for this system is used to perform power demand forecasting for Building 9. A BEMS installed in Building 9 named Butics receives the power demand prediction from the cloud and then estimates the times of the day when the target values set in advance according to the forecast are likely to be exceeded. This makes it possible to determine when demand will peak and adjust facility operation plans beforehand in order to reduce energy use.



    By combining these two elements (1) and (2), we have successfully created an energy-saving system that takes comfort into consideration. The aggregated results of the number of people and their location using the intelligent motion detectors are shown in Fig. 5. As shown in Fig. 6, the results of the calculations performed in the energy cloud can be checked from a web browser on a power-saving navigation screen. We intend to use this system as a basis for growing sales of our EMS in the future.
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        Fig. 5 Sample screen of aggregated results from intelligent motion detectors showing the number and location of people.
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        Fig. 6 Sample power saving navigation screen.
      

    

  


  
    8. Conclusion


    In this paper, we have shown how we developed a smartization system for EMS, which we successfully delivered to Obayashi Corporation and used as the basis for NEC's Tamagawa Smartization Project. We would like to express our gratitude to Obayashi Corporation for their cooperation in building this system.

  


  
    * Demand Navi and SCIM are registered trademarks of Obayashi Corporation in Japan.
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    Abstract


    To help mitigate the effects of global warming, efforts are underway today to reduce the impact of modern society on the environment. Information technology is expected to play a critical role in helping to minimize energy use and conserve resources. Currently, with cloud-oriented approaches and centralization of IT equipment into data centers, progress in IT capabilities is accelerating. This paper introduces some examples of NEC's R&D into highly efficient cooling technology using phase-change cooling system - which helps solve the problem of excessive power consumption by air-conditioning systems in data centers, while ensuring that the center continues to operate efficiently.
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    1. Introduction


    Information technology is one of the most important factors expected to help reduce CO2 emissions in every industry because of its potential to minimize the need for people to move around, while increasing the efficiency of the movement of goods. This shift is evident in online shopping, for example, as well as in more efficient energy consumption such as eco-driving and reduced use of consumables as in “paperless offices”.


    Promoting the use of IT applications in these areas has driven progress in cloud technology, leading to growing use of cloud-based systems by enterprises and other organizations. This, in turn, has resulted in an explosive increase in the amount of information traffic on the Internet, as well as accelerating the shift towards centralization of IT equipment in data centers provided with dedicated air-conditioning facilities.


    However, the increasing load on data centers poses its own set of problems. With so much data being processed, the volume and density of heat generated by the data servers pushes the air conditioning systems to the limit, resulting in huge increases in the amount of power consumed in order to keep the equipment cool. This has a significant negative impact on the efficient operation of data centers.


    In this paper, we will look at the cooling technology developed by NEC to solve the problem of increasing air-conditioning power consumption.


    Issues of air-conditioning in data centers


    One of the indices that represent the energy efficiency of data centers is power usage effectiveness (PUE). This is an index that measures the efficiency of the energy consumed by ancillary facilities such as air conditioners. As shown in Fig. 1, it can be represented by the formula of (total data center power consumption) / (IT equipment power consumption). The most energy-efficient data center is the one where PUE = 1.


    
      [image: e150209_01.jpg]

      
        Fig. 1 Breakdown of total energy consumed in a data center.
      

    


    The PUE distribution at major data centers in Japan is shown in Fig. 2. The average PUE of Japanese data centers is approximately 1.9, which makes it clear that about half of the power consumed at data centers is consumed by ancillary facilities.


    
      [image: e150209_02.jpg]

      
        Fig. 2 PUE distribution at data centers in Japan.
      

    


    At data centers, the processing capability of data servers is constantly being increased as the volume of data that needs to be processed increases. This means that the power consumption per rack of servers also increases. When the transitions in energy consumption by IT equipment at data centers relative to floor area are actually examined, we find that the amount of electric power consumed per floor area is expanding at an annual rate of 10%. By 2025, power density is expected to double.


    As the electrical power used by the server rack increases, the air flow of the fans that cool the equipment also increases. An area called a hot spot with locally high temperature is generated as shown in Fig. 3 because the warm air from the rack is taken in again or the cool air originally supposed to be used for cooling the rack is also taken in.


    
      [image: e150209_03.jpg]

      
        Fig. 3 Generation mechanism of a hot spot.
      

    


    If a hot spot is generated, cooling efficiency deteriorates. And, as shown in Fig. 4, whereas the air-conditioning system's ability to cool the volume of heat (power) generated by the server rack would initially be sufficient, it quickly becomes necessary to increase air-conditioning to a level that significantly surpass the volume of heat produced by the IT equipment in order to cool it effectively. This naturally leads to a rapid increase in the air-conditioning system's power consumption. For this reason, many data center now operate by setting the upper limit of each rack at a low level from 5 to 10 kW.
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        Fig. 4 Electric energy of rack and required air-conditioning capability.
      

    

  


  
    2. Local Cooling Technology Using Phase-Change Cooling


    This cooling technology features heat receptors on the server rack's exhaust doors that eliminate hot spots by lowering the temperature of the exhaust from the rack as shown in Fig. 5.
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        Fig. 5 Local cooling technology using phase-change cooling.
      

    


    This cooling technology takes advantage of the energy called latent heat produced when the coolant changes from liquid to vapor. Unlike sensible heat, which involves the transfer of heat into air or water, latent heat can significantly reduce the power required for transfer of heat. The coolant in the heat receptor changes its phase from liquid to the vapor due to the heat exchange with the exhaust heat from the IT equipment rack. The coolant in the vapor phase radiates heat after it has been transported to the radiator. Any remaining heat which was not exchanged in the heat receptor is discharged into the server room.


    For example, if the IT equipment's intake temperature is 25deg C and the exhaust temperature is 35 deg C, the exhaust temperature from the rack rises just 5 deg C, which is half the temperature rise of the IT equipment, and becomes 30 deg C, once half the exhaust temperature has been removed using this cooling technology. In such a case, air conditioners have to conventionally reduce the temperature by 10 deg C from 35 deg C to 25 deg C; however, with this cooling technology all that needs to be reduced is 5 deg C.

  


  
    3. Natural Coolant Circulation Technology


    The energy conservation law represented by the following formula is valid with fluid.


    [image: e150209_06.jpg]


    The first, second, and third items on the left-hand side of this formula represent kinetic energy, pressure energy, and potential energy, respectively. In a system like this cooling technology where coolant is circulated naturally, v is the velocity of the vapor phase that has been generated, whereas p is the pressure loss of the flow path through which the vapor phase flows and h is the height of the liquid column, which is the height of the heat receptor and radiator in the gravity direction, as shown in Fig. 6. To naturally circulate the coolant with gravity alone, it is necessary to maintain the height of the liquid column to overcome the pressure loss in the flow path that occurs when the coolant changes to vapor.
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        Fig. 6 Energy conservation in the natural circulation system.
      

    


    With this cooling technology, a heat receptor divided into multiple stages is installed on the exhaust door of the rack. By supplying the optimum flow rate to each heat receptor according to the volume of heat from the IT equipment, this cooling technology makes it possible to collect heat using the entire surface of the exhaust door of the rack. Also, as shown in Fig. 7, a tank is provided on the top of the rack to maintain the height of the liquid column to naturally circulate the coolant. This design enables multiple racks to be connected with a single pair of pipes for the vapor phase and the liquid phase.
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        Fig. 7 Single-pair piping connection of multiple racks.
      

    


    Connecting multiple racks to a single pair of pipes for the vapor phase and the liquid phase makes it easier to design the piping layout in a server room than when separate pipes are connected to each rack. Moreover, even when the volume of heat varies from rack to rack, the appropriate amount of coolant can be supplied to each rack according to the amount of heat being generated.


    Fig. 8 shows a comparison between the heat removal rate when each rack has its own piping connection and the rate when three racks are connected with a single pair of pipes. Plotted as examples are four distribution patterns of heat removal rates, when the volumes of heat of each rack are: 5, 5, and 10 kW; 10, 10, and 10 kW; 5, 10, 15 kW; and 15, 15, and 0 kW. It is clear that the heat removal performance is equivalent to or better than can be achieved when piping connection is made for each rack.
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        Fig. 8 Heat removal performance of multiple rack connection.
      

    


    With this coolant circulation technology, heat transport is possible over a horizontal distance of 30 meters at maximum with only 1-meter height of liquid column, as shown in Fig. 9, when the volume of heat of the rack is 30 kW in total.
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        Fig. 9 Height of liquid column and distance of heat transport.
      

    

  


  
    4. Conclusion


    The cooling technology described in this paper - which uses phase-change cooling to naturally circulate coolant - promises to solve the problem of increasing power consumption by air-conditioning systems in data centers brought on by the development of cloud-based systems. We are also planning to apply this technology to data centers in newly emerging economies where local temperatures are high and energy consumption is rapidly increasing. By providing advanced cooling technology, we will continue to promote environmental conservation on a global scale by offering cloud services at low cost and taking advantage of IT.
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    Abstract


    As part of the renovation of the office building at NEC Tamagawa Plant, we “smartized” the building's energy management system, targeting a 50% reduction in energy use compared to pre-renovation. As well as upgrading the energy-saving systems, we also introduced sensor-based energy management. This paper examines the various systems and technologies we used to achieve a dramatic reduction in energy use.
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    1. Introduction


    Building 9 at NEC Tamagawa Plant (Fig. 1) was originally built in 1989. Twenty-five years later, the building itself and its attached facilities had deteriorated to the point where major renovations were required. We saw this as an opportunity to test out our concept for a “smartized” next-generation building as a symbol of our Energy Solution business, which is one of the pillars of our growth strategy. By incorporating a cloud-based BEMS (Building Energy Management System) into the building's main system, our goal was to significantly reduce power consumption. The renovations were completed in March 2015 and we subsequently began evaluating the performance of the new facilities installed in Building 9. The results of those validation tests are discussed in this paper.


    
      [image: e150210_01.jpg]

      
        Fig. 1 External view of Building 9.
      

    

  


  
    2. Overview of the Smartization of Building 9


    2.1 Smartization Concept


    Since Building 9 also accommodates the offices of NEC's Central Research Laboratories, our principal goals included not only energy saving, but also maintenance of a comfortable environment, and improvement of intellectual productivity (Fig. 2). Consequently, the renovation did not stop at merely restoring the facilities; instead, the principal objective of the renovation was to achieve an autonomous energy management system capable of analyzing data collected from numerous sensors installed at key locations around the building and using the results to optimally control lighting levels such as dimming and light colors, as well as the temperature and humidity settings of the climate control system.
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        Fig. 2 What is a smartized building?
      

    


    2.2 Systems and Technologies Introduced


    We installed a newly developed LED light system that can be operated remotely via a wireless connection. As this was a renovation of an existing building rather than construction of a brand-new building, it was an enormous advantage to not have to lay out wiring. In addition to turning light fixtures on and off, lighting levels for each fixture can be adjusted independently. Also multiple intelligent human detection sensors shown in Fig. 3 are installed in each unit, making it possible not only to detect the presence and absence of people but also to grasp the number of them and their movements.
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        Fig. 3 Intelligent human detection sensor functions.
      

    


    For electricity distribution on each floor, a smart distribution board was installed. This shows the amount of power usage according to circuit breakers. For climate control, VAV (Variable Air Volume) controllers for airflow adjustment and inverter-type air-conditioners were installed. All of these devices are linked to our energy cloud system which is capable of managing them with total precision. As a result, airflow, temperature, humidity, and carbon-dioxide concentration can all be finetuned for optimum energy-saving and comfort (Fig. 4).
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        Fig. 4 Overall diagram of smartization validation.
      

    


    Moreover, renewable energy power sources such as solar and wind were also installed to ensure that the building would have an independent, stand-alone energy source.

  


  
    3. Validation of Smart Energy System


    3.1 Visualization of Power Consumption


    Taking advantage of the data provided by the smart distribution boards installed as part of this project, we developed and introduced a technology called “electricity fingerprint” analysis1) that uses current waveforms to specify what types of devices are connected to the power outlets on each floor. Whereas previously it was only possible to get a general idea of overall power consumption, this system allows power consumption to be visualized in detail. Management staff will be able to see which devices, such as PCs and monitors, are operating at any given time, enabling more precise targeting of energy saving measures. Continuous acquisition of data also makes it possible to track changes in power usage over the course of the day.


    3.2 Phase Change Cooling System


    We installed a phase change cooling system2) in the server room capable of cooling the room efficiently by natural circulation of the coolant alone. This system has also been introduced in the NEC Kanagawa Data Center. The system uses paired piping that connects multiple server racks via a single pipe to reduce climate control electricity consumption by about 65%.


    3.3 Localized Climate Control


    We are developing and validating technology that can optimally control the air conditioning in a large room by varying it as required in different sections of the room. By creating virtual zones (Fig. 5) and adding external information such as outdoor temperature and weather data to the data gathered from the newly installed temperature sensors, humidity sensors, and intelligent human detection sensors, as well as power consumption information collected by the “electricity fingerprint” analysis, each floor is modeled to predict environmental changes that are likely to take place (Fig. 6). Based on the results, operating plans for each area are developed to facilitate optimal control of each part of the room using the VAV controllers.
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        Fig. 5 Intelligent air-conditioning control.
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        Fig. 6 Floor modeling of air-conditioning control.
      

    


    Once this technology has been finalized, it will be possible to control the climate system according to the presence/absence of people and the heat generated by devices, with an anticipated reduction in electricity use of about 10%. At the same time, by incorporating the QoWL (Quality of Working Life) index - which indicates the degree of comfort experienced by people in the environment - we are also anticipating significant energy savings without compromising comfort.

  


  
    4. Future Issues and Plans


    To date, we have achieved a 46% reduction in overall energy use in Building 9 at NEC Tamagawa Plant compared to before the renovation. Our targeted reduction of 50% is clearly within reach and we expect to achieve this goal in the near future by improving the performance of the systems that have already been introduced and by moving quickly to bring online various new measures now under validation.


    With the smartization of Building 9 as proof of concept, we intend to proceed with the smartization of all buildings at NEC Tamagawa Plant. The success of these smartization programs gives us the tools, techniques, and know-how necessary to sustain our commitment to the creation of smart cities that incorporate the comprehensive suite of leading-edge ICT products that have made NEC one of the world's leading innovators (Fig. 7).
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        Fig. 7 Smartization in the future.
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    Abstract


    Due to the sharp rise in the number of mobile phone subscribers in India and other emerging countries more and more base stations that support mobile phone networks are being built. They are now to be found not only in urban areas but also in rural areas. These base stations are expected to be operational year-round 24-7, so that telecom tower operators can ensure power in case of a power outage in the areas where stable grid power supplies cannot be expected. In such areas they use diesel powered generators, however, the use of diesel power generation poses some issues, including a negative influence on the earth environment due to CO2 emissions and a high economic burden on the telecom tower operators due to a rise in fuel costs, etc. In order to resolve these issues, the replacement of lead storage batteries with lithium-ion batteries and the employment of a server-client model energy management system (EMS) is expected to improve the operational efficiency of the diesel power generators. In consequence the operational hours may decrease and a fuel combustion saving can be achieved.
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    1. Introduction


    The population of India now exceeds 1.2 billion 50 million, and mobile phones have become popular not only in urban areas but also in rural areas. Internet users in India have exceeded 86 million (as of 2013) and it is now ranked second in the world. More than 440,000 mobile phone base stations have already been built to support the networks by which over 86 million users are linked. Notwithstanding this trend, the power supply infrastructure in India is not as stable as it might be. Therefore, many diesel generators (DG) are employed in the event of power outage and over 2 billion liters of diesel oil are consumed per year in order to maintain year-round 24-7 mobile phone network operation.


    NEC is conducting demonstration test of the EMS (energy management system) technology and aims to reduce both diesel oil consumption and CO2 emissions. Our solution employs an EMS to control the power systems via use of LIB (lithium-ion batteries), PV (photovoltaic) and DG.

  


  
    2. The Background of the Demonstration Test


    Mobile phone base stations are expected to be operated to provide a year-round 24/7 service. In India, for example, the amount of electricity that power grid systems provide is only about 33% of the required amount. Therefore, many mobile phone base stations use DGs to generate power if the grid power is cut, which consumes over 2 billion liters of diesel oil per year and exhausts over 11 million tons of CO2 per year.


    In many cases, the mobile phone business in India is shared by several specialist companies. A tower company leases land from a landowner to build a mobile phone base station and a tower. It ensures the power supply and then rents the base station site to a mobile phone carrier company. In such a case, the tower company invoices the rental fee to the carrier company for the base station and the tower together with the power supply charge. Recently, it is becoming common to pay the power charge with a fixed-monthly fee. This means that any cost rise for the diesel fuel may adversely affect the management of the tower company.


    The tower company provides power to the telecom carrier company. In order to provide DC power without any temporary outages the tower company rectifies the power received from the grid power system and uses it together with that supplied by the lead storage batteries. Moreover, the tower companies are usually able to operate DGs so that power is continuously provided, even in the case of a power outage. Some companies use lead storage batteries during certain hours to discharge power in order to reduce the operational hours of the DGs. Recently PVs are being employed as a countermeasure. However, only around 1% of mobile phone base stations employ such a strategy.


    NEC expects that a system employing LIBs instead of lead storage batteries to reduce both the fuel consumption of the DGs and the CO2 emissions. With lead storage batteries, when power charge/discharge is repeatedly operated with a high DOD (depth of discharge) setting, the performance of the power generation degrades rapidly. This means that the power generation of the lead storage batteries is not efficient, even if they are of a large capacity. On the other hand, an LIB is capable of a rapid charge that is several times faster compared to that of the lead storage battery with a charging current of 0.05C. By employing LIBs, it can be expected that the operational hours of the DGs will be reduced and also that the DG's power generation load will be increased. The power generation load of the DGs is generally low, which indicates inefficiency. However, the employment of LIBs will allow the DGs to be operated with high efficiency, and in consequence the fuel consumption will be reduced significantly. Additionally, the LIBs achieve almost 100% DOD and have a larger energy capability compared to that of the lead storage batteries. Such properties of the LIBs may allow the power source equipment installed at the base station to be reduced in both size and weight.


    Moreover, the energy system that employs EMS to predict PV power generation, power outage duration time, etc., enables controlling the start/stop of the DG and in consequence of achieving further fuels savings. In order to examine the above effects, NEC has been conducting the “Demonstration Project of International Energy Consumption Efficiency Technologies and Systems - Project to Demonstrate Energy Management Systems for Mobile Phone Base Stations in India”. This is a demonstration project of the New Energy and Industrial Technology Development Organization (NEDO). It is intended to perform the demonstration test for energy saving using high-solar reflectance photocatalytic paint supplied by the Pixela Corporation in order to curb temperature rises inside the mobile phone base station housing. At the same time, we will demonstrate possible solutions to counteract the energy issues that are being faced by the tower companies of the emerging countries.

  


  
    3. Building Layout for the Demonstration Test


    The buildings for the demonstration test are generally allocated according to the layout as shown in Photo 1 and Fig. 1. There are two models of the mobile phone base stations; one is an indoor model where equipment is installed inside the shelter (Photo 1), and the other is an outdoor model that uses a waterproofed cabinet with the equipment installed inside it (Photo 2). Fig. 1 shows details of the equipment layout used to conduct the demonstration in the indoor model base station. The temperature inside the shelter is controlled by an air conditioner.


    
      [image: e150211_01.jpg]

      
        Photo 1 Mobile phone base station (indoor model).
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        Fig. 1 Demonstration equipment configuration (indoor model).
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        Photo 2 Demonstration test equipment housing (outdoor model. with the door left open)
      

    


    With the conventional system, in the case of a power outage an air conditioner has to be operated by the power generated from a DG. However, our demonstration test proves that in the event of a power outage it is possible to convert the DC power generated by a storage battery into AC power and to be able to operate the air conditioner using the discharge from the storage battery. This facility may contribute to a further reduction in the operational hours of the DG.


    Most base stations are equipped ideally with rectifiers to convert AC power into DC power. However, such a procedure does not fit in with our demonstration test, as it is necessary to connect the storage battery to the controller of the rectifier to achieve a fine control of the voltage. Therefore, when conducting the demonstration test, the present rectifier had to be replaced with a suitable one at the time that the lead storage battery was replaced by an LIB.


    The existing equipment used for the demonstration test includes an air conditioner, a DG, a FCU (free cooling unit) and the wireless system of the power generation load base station. Newly introduced facilities are: a PV cell, an ESS (energy storage system, a LIB that is equipped with a battery management unit), an IPMS (integrated power management system) and an EMS. The EMS is configured with the client-server model (Fig. 2). The EMS controller communicates with an IPMS controller, an ESS and various sensors for temperature, fuel consumption, sunlight amount, etc. via CAN (controller area network) or LAN. It collects this measured data and sends it to the server. At the same time, it controls the start/stop operation of the DG and the charge/discharge of the ESS according to the operational plan that is downloaded from the server.
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        Fig. 2 EMS client-server configuration.
      

    


    For our demonstration test, we have firstly selected 60 base stations after examining the meteorological conditions throughout India and have picked 20 base stations among them to be used in our test (Fig. 3). These 20 base stations are then grouped into five areas according to power supplied hours from a grid power system; Off Grid areas (no grid power is supplied), Poor Grid areas (three types of average power supplied at various hours per day, e.g. 3, 6 and 9 hours), and Average Grid areas (average power supplied for some hours per day, which is usually about 16 hours). Subsequently, they are again grouped into two models (10 stations per model): the outdoor station model and the indoor station model.


    Two tower companies that are both partner companies of NEC provide the above 20 base stations for the demonstration test.
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        Fig. 3 Places where the demonstration tests are to be conducted.
      

    

  


  
    4. Goal of the Demonstration Test (Technology Aspect)


    Features of the LIBs are; rapid charging with a large current compared to that of a lead storage battery, and an almost 100% capacity charge/discharge performance. These features enable large-volume charging within the limited hours during grid power supply periods, and also full capacity discharging power. In case a power outage continues after the LIB discharge finishes, the DGs start to supply power for the power generation, charging the LIBs at the same time. By applying a large charge to the LIBs, the power generation efficiency of the DGs can be much improved compared to when charging the lead storage batteries.


    A significant fuel consumption reduction can be expected by replacing the lead storage batteries with LIBs and by controlling the power for charging. Beside this feature, the demonstration test aims at the goals as shown below.


    
      	Predicting the PV generation power in order to consume it at the most efficient rate.


      	Predicting the power outage end time in order to control the DGs efficiently.

    


    Goal (2) aims to avoid unplanned operation of the DGs in the event of a power outage. It also aims at the most efficient power consumption of the DGs by discontinuing charging the LIBs by the DGs when a certain level is reached, and by starting to discharge power from the LIBs until satisfactory grid power is restored. This procedure could conserve DG power mainly if the grid power is restored when the LIBs have used up their power.


    Moreover, the EMS may achieve further reduction of fuel consumption by predicting the PV's power generation amount, and also by predicting the power outage occurring time and its duration hours.

  


  
    5. Goal of the Demonstration Test (Environmental Aspect)


    We have already started to conduct a survey to find how the severe temperature condition in India could affect batteries and also how such a drastic temperature rise affects the charge/discharge schedule. However, once we started the installation construction there, we found many other issues before starting to provide energy service business for the mobile phone base stations of India.


    These are; the land owner's interest in leasing out the land to the base station, religious matter such as not being permitted to cut down trees that obstruct the PV, inadequate grid power systems such as open phase, malfunction of facilities, etc. Besides these issues, most of the base stations need to be revamped in order to start automatic DG operations effectively


    Our demonstration tests aim to solve these issues from a technological aspect, and to demonstrate the possibility of efficient fuel consumption reduction by employing the EMSs. At the same time, we will detect issues in operating the system, so that we will be able to examine business issues in providing energy in the emerging countries.

  


  
    6. Conclusion


    The demonstration test is proceeding under the schedule as follows; an applicability survey in May, 2012, a feasibility study in July, 2013, a contractor agreement for the demonstration project between NEC and NEDO, and a memorandum of understanding (MOU) between the Indian Department of Economic Affairs and NEDO, both in October, 2013. This demonstration test is scheduled to be carried out until March, 2017, while implementing upgrading of the EMS functions and algorithms, etc.
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    Abstract


    With full deregulation and liberalization of the electric power retail sales scheduled for April 2016, NEC has put together an Electric Power Supplier Solution which encompasses core systems crucial for power retailing such as the Customer Information Management System (CIS) for power utility companies and the Energy Supply & Demand Management System, plus solutions to attenuate imbalance fee including the Electric Power Demand Forecasting System and the Solar Power Prediction System. In this paper we will introduce the development concept and applications for the core Energy Supply & Demand Management System.
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    1. Introduction


    The scheduled deregulation and liberalization of electric power retail sales beginning in April of 2016 will unleash a power market worth about JPY7.5 trillion, with an economic impact expected to surpass JPY20 trillion. Over 700 new Specific Scale Electric Utility Companies*1, the so-called “New Power” companies, have filed business applications as of the end of July 2015, and it is expected that telecommunication carriers with their large customer base, as well as gas companies and trading companies that already own power generation facilities and sources of fuel, will become prominent players with a substantial market share. What's more, this new influx is expected to diversify how businesses enter the market, into which areas and the scale of business. Liberalization will bring about diversification in business models and the services that will be offered.


    At NEC, we have lined up a broad array of assets aimed at taking advantage of the enormous range of business opportunities that will open up following deregulation. This paper will examine one of these assets in particular — the newly developed Energy Supply & Demand Management System, which will play a key role in our Electric Power Supplier Solution.

  


  
    *1 Number of companies that have made submissions to the Agency for Natural Resources and Energy of the Ministry of Economy, Trade and Industry as of July 31, 2015.

  


  
    2. Concept of the Energy Supply &Demand Management System


    The biggest barrier to entry in the power retailing business is the low-profit commodity characteristic of electric power. In particular, the smaller the scale of the enterprise, the more likely an imbalance fee*2 will be charged. This creates a heavy load on operation costs, including forming teams with expertise and training of human resources. To provide a solution to this problem, NEC began developing the Energy Supply & Demand Management System in April 2015, which would stabilize an electric power business with limited investment while reducing its operation load.


    Regardless of what the product is, our basic concept is always simplicity. No matter what the level of complexity or functionality, a system cannot be effective if its introduction adds to the operator's operational load. Consequently, we focused on a starter function that is the first thing a new entrant needs and a user interface that can be intuitively operated by inexperienced operators. For this reason, we concentrated on five major operations: supply/demand balance monitoring, demand forecasting support, power procurement, supply/demand planning, and revenue/expenditure management. Other operations will be custom developed to suit specific requirements by offering options and add-ons that can be introduced according to the business model of each enterprise (Fig. 1).


    
      [image: e150212_01.jpg]

      
        Fig. 1 Conceptual diagram of products.
      

    


    For example, an electric power demand forecasting solution supported with NEC's heterogeneous mixture learning technology*3 is offered to enterprises who require automation and high precision for their demand forecasting, while a customer portal is offered to enterprises who provide their customers with added value such as visualization that links with energy management systems including the Building Energy Management System (BEMS) and Home Energy Management System (HEMS). In other words, we enable our customers to take advantage of supply/demand data that maximizes the individual characteristics of each enterprise by delivering functional extensibility that matches specific business models in addition to suppression of imbalance fees.


    In collaboration with the Customer Information System (CIS), it is also possible to manage and analyze the load curve of every customer, each area or each plan. Our products are designed with an emphasis on the flexibility of the external interface, assuming a certain degree of system linkage.


    Further, we focus on building the system as a service platform on a cloud computing, utilizing Open Source Software (OSS). We plan to offer this solution as both a cloud service and on-premises type. In other words, we will go beyond the sales of operation packages to “New Power” companies; the use of this solution will make it possible to build a platform for new services such as shared services and supply/demand management agent services.

  


  
    *2 Pay-per-use fee applied to replenishment to a shortage of power that exceeds the variation range of 3% per 30 minutes in the balancing system.


    *3 Technology developed by NEC Central Laboratories that automatically discovers the numbers of regularity using the correlations among data that coexist in big data, and then automatically switches reference rules depending on the data being analyzed. This makes it possible to achieve high-precision prediction and abnormality detection even with data that changes its regularity according to the situation — a kind of data which is difficult to analyze using conventional machine learning that discovers and refers to only a single regularity. This type of data is utilized for applications such as automated ordering of the system and energy demand predictions for buildings and ships.

  


  
    3. Key Elements of NEC's Energy Supply &Demand Management System


    Fig. 2 shows the development roadmap for our Energy Supply & Demand Management System. Of the various elements shown in the diagram, we consider the following three especially important.


    
      [image: e150212_02.jpg]

      
        Fig. 2 Product Roadmap.
      

    


    (1) Compatibility with the new system


    The existing Electricity Business Act requires simultaneous equal amount control on actual load. However, as part of the liberalization of electrical power retail sales beginning in April of 2016, retailers will be required to balance loads based on a one-hour advance plan.


    While NEC's Energy Supply & Demand Management System has been designed to manage load balancing according to planned values, it is also capable of managing bidding in the one-hour advance market*4. When combined with the high-precision demand prediction generated by the electric power demand forecasting solution discussed earlier, the system will be able to monitor fluctuating demands in real time and implement power procurement accordingly, enabling it to effectively minimize load imbalances even under the new regulations.


    (2) Compatibility with the balancing group


    Generally, it is considered that the smaller the demand scale of power, the more difficult it is to predict demand and achieve balancing. The balancing group is a mechanism created to solve this problem. It is a union-like system in which one wheeling contract is concluded between multiple “New Power” companies and transmission/distribution companies, and the representative company of the group will control the balancing. Taking advantage of the benefits of scale, this makes it possible for group members to reduce their imbalance fees, as well as enabling them to standardize and outsource supply/demand management operations to reduce operation costs.


    While making possible centralized control of supply/demand management operations by representative contractors, NEC's Energy Supply & Demand Management System also offers multi-tenant functionality, allowing group members to manage data on an individual company basis. This facilitates secure enterprise-level information management, while at the same time leveraging the advantages of scale to help suppress imbalances, thereby contributing to the expansion of profits for all members of the enterprise group.


    (3) Systems that can also be used by power producers and customers


    The biggest advantage of the supply/demand monitoring function provided by NEC's Energy Supply & Demand Management System is that it can be even used by power producers and utilized for creation of power generation plans. When linked with a solar power prediction system, it will facilitate effective command and control of reserve margins and spinning reserves even with an unstable power supply.


    There are also benefits for customers. For instance, if manufacturers use these systems, they will be able to optimize intra-corporate group and inter-plant balances between the external power supply and in-house power generation by using self-wheeling or becoming as customer PPS(Power Producer and Supplier)which has its own power load while managing overall energy use in accordance with product manufacturing plans and facility operation plans. When energy management of the overall supply chain is finally optimized, it can enhance the competitiveness of products released by companies using these systems.

  


  
    *4 A type of short-term energy transaction market handled by Japan Electric Power Exchange (JPEX) planned to go into effect in 2016 in which transactions will be possible up to one hour in advance of the actual supply and demand.

  


  
    4. Applications for Every Energy Business


    Electric power supply/demand data is valuable not just for manufacturers, but potentially in just about any business. Not only does it help retailers suppress imbalances, it also addresses the expectations of both providers and customers, such as companies that wish to optimize their own energy consumption by self-wheeling, local governments aiming for local production and consumption, and providers of renewable energy. With this system, we will support revitalization of markets through creation of new businesses, such as business process outsourcing (BPO) services, negawatt transactions*5, ancillary services*6, and resource aggregators*7.


    To achieve these goals, it will be necessary to leverage not only the energy assets of each company, but also all of the various energy management systems, as well as to integrate the backbone systems of providers and customers.


    NEC's Energy Supply & Demand Management System evolved as an energy management platform (Fig. 3) that links with these systems to make it possible to achieve advanced energy management.
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        Fig. 3 The concept of NEC's energy management platform.
      

    

  


  
    *5 The reduced portions of the required amounts that consumers have achieved by saving electricity and using in-house power generation are considered deemed power generation and are then bought and transacted on the market by providers.


    *6 A new technical mechanism to maintain the quality of power supply, the ancillary service is now attracting attention as a new subject for market transactions thanks to its ability to monitor supply and demand balances, adjust voltages and frequencies, and provide reserve margins.


    *7 Provides centralized control of energy equipment such as storage batteries distributed through the system, resource aggregation is a mechanism that allows both power generators and customer aggregators to take advantage of its benefits and ensures the aggregators receive equivalent value.

  


  
    5. むすび


    NEC's Energy Supply & Demand Management System uses power supply/demand balance monitoring to optimize the balance between production and consumption of power. However, this is only one of the energy management functions this system is designed to achieve. NEC's energy management system encompasses three cycles: collection and visualization, analysis and prediction, and control and optimization (Fig. 4). Our goal is to contribute to the stabilization and optimization of the overall energy system, focusing on three main objectives: 1) automatic collection and visualization of diverse and uncertain real-world data in addition to the amount of power generated and the amount of power consumed; 2) create a plan for optimum energy management according to costs and requirements, while using big data analysis to predict the future; and 3) implementation of an intelligent energy control system based on NEC's power storage technology.
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        Fig. 4 NEC's energy management cycle.
      

    


    We are confident that we can also create the virtual energy grid that can be freely interchanged when we integrate our proprietary ICT base technologies for networks, security, and cloud platforms with our energy assets such as power storage technology. We are committed to contributing to the achievement of compatibility between waste-free energy consumption and comfortable living by building energy life cycles and supply chains according to seasons and situations.
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    Abstract


    A power plant is required to operate safely, stably and efficiently so that the consumers may use electricity confidently. On the other hand, since the occurrence of faults is unavoidable, early detection and counteraction against faults are crucial. However the traditional method of monitoring threshold values of sensors have in some cases difficulty in the early detection of fault signs. The power plant fault sign monitoring system that has been developed by NEC in collaboration with power companies employs a proprietary big data technology called the system invariant analysis technology (SIAT) to detect signs of equipment faults early on and accurately by capturing any “unusual” behavior of the plant. In addition, NEC is also developing functions leading to the improvement of plant operations, with the aim of contributing to maintaining stable power supply by the power companies.
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    1. Introduction


    A power plant is required to operate safely, stably and efficiently so that the consumers may use electricity confidently. On the other hand, since the occurrence of faults is unavoidable, early detection and counteraction against faults are crucial.


    Plant monitoring is usually based on data obtained from sensors for temperature, pressure, flow, etc. Since monitoring of variations of a few hundreds to thousands of sensors is a very difficult task, the sensors have traditionally been monitored according to thresholds (alarm values) set based on the designs and achievements of past operations. This has led to the problem that the traditional monitoring system is not capable of detecting abnormal signs in the range below the threshold. Another problem is that the detection of abnormal signs below the threshold is hard to execute uniformly because it is critically dependent on human experience and knowledge.


    As a means of resolving this issue, big data analysis technology is attracting attention because of its capability of acquiring useful information from a large amount of sensor value data by means of machine learning. NEC has developed a power plant fault sign monitoring solution using the system invariant analysis technology (SIAT). This is NEC's proprietary big data analysis technology, created jointly in collaboration with the power companies. SIAT detects “unusual” behavior at an early stage by learning the invariant relationships between sensors and by detecting any deterioration in these relationships. As a result of the effectiveness already verified regarding the past operational data of nuclear power plants, this procedure has already been introduced in nuclear power plants1).


    In this paper, SIAT and the fault sign monitoring solution are discussed.

  


  
    2. System Invariant Analysis Technology (SIAT)


    SIAT is a technology for detecting abnormalities by learning the invariant relationships between sensors from the sensor data in a system time series (Fig. 1).
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        Fig. 1 Outline of system invariant analysis technology (SIAT).
      

    


    For example, assuming a positive relationship in a power plant with which increasing the plant output while it is in stable operation status leads to an increased pump pressure. Such a relationship can be expressed with a linear prediction formula such as “Pump pressure = Power output x α”. SIAT compares the predictive values obtained from such formulae with the actual values and, when it detects deterioration of a relationship, it identifies it as an “unusual” behavior and outputs early detection of a faulty event.


    Now let us assume a case in which the relationship described above exists. If a fault such as a crack is produced in a pump and the actual pump pressure does not vary even when the power output is increased, the pump pressure is predicted to increase. When the predicted value increases as time passes and the error between the predicted and actual values increases, deterioration of the relationship is detected and this finding is used as a pump pressure abnormality detection. In this example, threshold monitoring cannot detect the abnormality unless the pressure value rises above the threshold. Meanwhile, SIAT learns the relationships between sensors exhaustively so it does not require the labor of setting the threshold for each sensor. This means that it can be used with sensors for which the user does not have knowledge of the threshold.

  


  
    3. Power Plant Fault Sign Monitoring Solution


    3.1 System Configuration


    The power plant fault sign monitoring solution acquires data from existing operation monitoring devices and performs analysis based on such data. This means that the fault sign monitoring system can be introduced as an addition to an existing plant, and without newly installing dedicated sensors.


    The system adopts a server-client configuration with multiple clients so that monitoring staffers in different posts such as operations and monitoring departments can check the status simultaneously (Fig. 2). There are two kinds of servers, the “analysis server” and “storage server”, so that the acquired data is analyzed by the analysis server incorporating the SIAT engine and the result is stored in the storage server. The operations available for clients include the result check and monitoring method setting.
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        Fig. 2 System configuration.
      

    


    3.2 Learning Invariant Model


    The first step for fault sign monitoring is to learn the invariant model in normal operation. The invariant model refers to the set of invariants existing in the system. With the SIAT, input of time-series data in normal operation initiates exhaustive learning of the relationships between sensors and a model is created automatically. This model makes it possible to “predict the behavior of sensors under normal operation (such as the prediction of pump pressure with respect to the power output)”.


    3.3 Fault sign monitoring


    With regard to the fault sign monitoring, the errors between the predicted and actual values of all of the invariants in the invariant model are calculated and the degree of abnormality of the entire system is calculated. Then, any sign of a fault is identified under certain conditions such as reaching or exceeding the degree of abnormality to or over a predefined value, or increasing in a certain degree over time (Fig. 3). This solution also displays the invariant model of each part of the system in order to indicate a part in which deteriorated relationships are concentrated. It assists the analysis of error positions and error causes by displaying the list of invariants with large errors and the ranking of sensors contributing to the abnormality.
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        Fig. 3 Degree of abnormality display.
      

    

  


  
    4. The Effects of Introducing This Procedure in a Power Plant


    There are two main effects that result from the introduction of the present procedure, which are the early detection of abnormalities and the easy identification of their causes. These effects make possible the application of quick countermeasures against abnormalities or signs of them. This enables applying countermeasures before a major fault occurs as a result of expansion of the range affected by the abnormality and thereby contributes to reducing the unplanned outage time.


    The two effects described above have already been verified in several demonstration experiments. For example, in a demonstration experiment using the actual data of a nuclear power plant, we have confirmed that the power plant fault sign monitoring system can detect a sign of a fault about seven hours (depending on conditions) before that achievable by human monitoring.


    Although this paper is focused on real-time plant monitoring among the functions of the power plant fault sign monitoring solution, the system is also capable of detailed analysis using previously obtained data. For example, by checking the differences between invariant models obtained by learning data of several similar plants, it enables comparison of the operating status of the plants. In addition, another function can identify the successful completion of processes, such as plant startup and periodical inspection processes, based on comparisons with past data.

  


  
    5. Current Issues, Future Perspective


    With SIAT, we have achieved early abnormality detection by capturing “unusual” behavior in the plant. Identification of “unusual” behavior requires learning and modeling of the “usual” status. Modeling is now possible by setting the period to be learnt from the past plant data.。


    As an example of modeling, we give the case of a nuclear power plant in which the power plant fault sign monitoring solution has been applied. Since the nuclear power plant is run as a base power source, it is generally required to run stably for a long period. This means that learning the period of stable operation enables modeling of the “usual” status. For example, learning the data of the past week enables abnormality detection.


    On the other hand, with the power plants run as peak power sources such as the gas turbine power plants, each running period is relatively short and sometimes startup and stoppage are repeated every day. For such power plants, the operational status varies subtly every day or hour, so how to learn the “usual” status becomes problematic.


    The power plant fault sign monitoring solution is required to provide functions other than fault sign monitoring. For example, the issue of operation efficiency improvement is more critical for thermal power plants than for nuclear power plants. For coal-fired thermal power plants, efficiency improvements are regarded as having a big potential for cost reduction because the overall efficiency varies significantly depending on coal type, plant condition, operation status and the equipment degradation situation.


    Below, we discuss expansion of coverage of the system and the provision of new values by adding new functions.


    5.1 Targeted Domains


    In the case of a power plant where startup and stoppage are repeated every day, such as a gas turbine power plant, it is necessary to learn the “usual” status by taking the differences in operating situations on different days into consideration. In order to meet this requirement, we have developed the technique of entering the data of several operation periods to learn a model commonly applicable to each period. This function ensures early abnormality detection even if the operating situation varies slightly after every startup.


    With a power plant using a renewable energy such as photovoltaic cells or wind turbine generation, the plant operating situation varies widely due to big fluctuations in the power output, depending on the weather for each day or season. Since it is difficult to lean the “usual” status from more than one operating situation, we have developed a technique that learns several operation status models by means of patterning, etc., and detects abnormalities by switching the models automatically one after another.


    5.2 Provision of New Values by Addition of Functions


    For the future, we are planning the enhancement of the abnormality cause identification functions and the development of functions that can contribute to improved operational efficiency.


    The currently available abnormality cause identification functions include the ranking of sensors that may be causing the current abnormality. However, countermeasures to be adopted for each abnormality will still need human intervention for visually checking the changed sensor values. To eliminate this task, we are examining the development of a function that can propose countermeasures to deal with any newly occurring abnormalities.


    With regard to functions for improving the operation efficiency, we are examining the development of a function that can compare the models obtained from two kinds of data acquired from two operations with different operational efficiencies such as the data from two plants with different combustion efficiencies or that of two different periods, therefore, it makes it possible to extract the sensors causing the difference in efficiency as well as the relationships between sensors. This function is expected to enable examination of efficient operations with low fuel consumption and to contribute both to improved economy and environmental load reduction.

  


  
    6. Conclusion


    In this paper, we have discussed the system invariant analysis technology (SIAT) and our fault sign monitoring solution. In the future, in addition to improving the accuracy and enhancing the abnormality cause identification function, we will develop solutions leading to operational efficiency improvement in order to contribute to stable power supply by the power companies.
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    Abstract


    The recent trends in deregulation, industry reorganization and social environmental changes are significantly changing the environment that surrounds the utility business sector, such as in the electricity and gas supply companies. Under these circumstances, radical reforms of business organization and operations, further improvements of equipment and the use of big data are tending to be increasingly required. For these reasons, NEC jointly with Space-Time Insight, Inc. is deploying Situational Intelligence as a solution that allows utility businesses to identify their current circumstances accurately and to make decisions collaboratively based on projected perspectives. This paper is intended to give a presentation of the Situational Intelligence solution.
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    1. Introduction


    The environment of utility businesses such as the electricity and gas supply companies are recently undergoing far-reaching changes. An example of these changes in the field of politics is the review of energy policy as represented by the liberalization of electricity and gas supplies. This trend is imposing deregulation and industry reorganization as well as requiring radical reforms of organizations and business operations. Social environmental changes such as the retirement of aged workers and an insufficiency of young workers are also becoming important issues. Moreover, the aging of the infrastructures that were massively introduced in Japan's high growth period is also making increases in the equipment maintenance/management costs a target of concern. Under these circumstances, we are currently challenged by the issue of how to effectively utilize the big data and sensor technologies that have been advancing noticeably in recent years.


    To deal with the above issues, NEC in collaboration with the U.S. company, Space-Time Insight, Inc. (STI) is deploying the Situational Intelligence solution that allows the utility businesses to enable accurate identification of their current circumstances and make effectual decisions based on projected perspectives (Fig. 1).
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        Fig. 1 Example of Situational Intelligence Solution display.
      

    


    In this paper, we present the Situational Intelligence solution that has been researched and developed in collaboration with STI.

  


  
    2. Space-Time Insight, Inc. (STI)


    2.1 STI Company Overview


    STI is a company established in January 2008 with its head office based in San Mateo, California1). The main business of the company is to promote IT solutions for the utility industry, transport industry, national and local governments and oil/gas industry. In particular, as a key element of its business strategy the company currently sets the situational Intelligence solution for providing customers conducting businesses that use huge amounts of facilities and equipment with a means for making quick, reliable business decisions. The solution has already been introduced in more than thirty businesses in utility, operations and railroad enterprises2).


    2.2 NEC-STI partnership


    NEC and STI formed a smart energy business alliance in August 2014 and jointly deploy the STI's Situational Intelligence solution in Japan and the APAC region3). The key motive of the deployment is to link the solution with NEC's power storage system and ICT solutions in order to further improve added values.

  


  
    3. System Outline & Features


    3.1 System Outline


    Fig. 2 shows the system concept of the situational Intelligence solution as it is deployed together with STI. The system is positioned in the layer above the existing operation and control systems possessed by each customer. It collects information from the existing operation and control systems as well as from certain outside systems such as meteorological sources as required, and performs arrangement and analysis of geographical, time-domain and judgement information. The results are visualized in the form optimized for the purpose of each user from the management to the field operators. In this way, the system gives an insight (notice and prescience) that supports quick, accurate decision making related to the operation and planning of various businesses.
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        Fig. 2 System concept.
      

    


    In this way, the system gives an insight (notice and prescience) that supports quick, accurate decision making related to the operation and planning of various businesses.


    3.2 System Features


    The system has the following features.


    (1) Facilitation of integration of existing systems and operations


    The situational Intelligence system adopts the open adaption framework for easy linkage with various data sources and applications of customers (Fig. 3). This strategy facilitates linkage of operations and control systems that the customer administers and operates individually in each business domain. This means that a cross-sector system platform can be built in order to enable linkages of business operations.
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        Fig. 3 Open Adapter Framework.
      

    


    (2) Variety of analysis functions enabling advancement of business operations


    The system is equipped with various analysis and prediction functions that enable the advancement of customers' business operations. It performs correlational analysis of data acquired from the customer's information/control systems and outside systems to identify the status of a customer's resources from all directions. For example, the patented STN (Spacial-Temporal-Nodal) technology of STI can be used to analyze and visualize the service life and risks of each piece of equipment in order to predict failures accurately as well as to simulate the effects of equipment changes. In the example of the analysis shown in Fig. 4, an AHI (Asset Health Index) is set by indexing the elapsed years of the equipment and its health in order to plot the equipment status. This procedure enables finding the relative relationships between equipment as well comparing the standard failure rate curves provided by the manufacturers (shown with a line chart), so that equipment with a high risk can be discovered easily.
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        Fig. 4 Example of failure risk analysis chart.
      

    


    The effective use of these analysis and visualization functions contribute to make the operational level uniform because even unskilled engineers and administrator can accurately find the current status and the risks of faults, etc.


    (3) Various expression functions for supporting notices


    Situational Intelligence is equipped with a variety of expression functions linked with the GIS (Geographic Information System) and it is capable of displaying the analysis results in a wide range of intuitive visualization formats (Fig. 5). This allows system users to identify the equipment operating situations accurately and in real time, progress of investment plans, critical events/situations and countermeasures taken to deal with legal regulations, etc.
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        Fig. 5 Examples of various expression formats (* Examples assuming linkage with Esri GIS services).
      

    


    Information obtained using the situational Intelligence system can also be applied for example to discussions on new businesses and projects. For instance, the rapid progress of big data and sensor technologies has made effective utilization of data an important issue. This issue requires a step-by-step approach, which starts with formulating and verifying hypotheses based on visualization and the analysis of current data, and then proceeds to extend the data used and decide on investments in the sensor infrastructures based on the verification results. The situational Intelligence system is also expected to be effective in such an approach.

  


  
    4. Flow of Study


    Table shows how to advance research regarding the introduction of the situational Intelligence system. In the image confirmation after implementation in Phase 1, the customer submits some of the customer's data in a CSV-format file to the evaluation PC of NEC so that the customer can experience the insight (notice and prescience) given by the visualization function of the solution. In Phase 2, the solution is actually introduced as a part of the customer's environment as a trial operation. Finally, based on the results of the phases discussed above, the customer studies the actual introduction. Such step-by-step processes allow the customer to study the implications of introduction while confirming the value gained at each step.


    
    
      Table Flow of study.
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    5. Actual Cases of Introduction


    As mentioned above, the situational Intelligence solution has been introduced to more than 30 businesses in utility companies and national/local governments in North America. The specific cases include the grid operators managing some of the biggest power grids at these locations such as the power distributors and power companies of local governments. The introduction of the situational Intelligence solution has succeeded in seamless inter-departmental cooperation, quick fault counteractions and reduced equipment investments for these customers.


    In addition to power companies, the introductions are also increasing among a wider range of business types such as water utility companies and transport/logistic companies. The water utility companies use the solution for monitoring the operating situations and faults at their widespread facilities, while the transport/logistic companies use it for optimization of their distribution routes.


    As seen in the above, the situational Intelligence solution provides value not only for the utility companies but also for dealing with the issues that are commonly experienced by any business possessing and managing a large amount of resources over a wide area. Considering the potential for customer value provision over a wider range of business domains, NEC recommends studying the adoption of the situational Intelligence solution for those customers encountering similar issues to those surrounding the utility companies as described in the above.

  


  
    6. Conclusion


    In this paper, we have presented the situational Intelligence solution that allows the utility companies possessing a huge number of facilities spread over a broad area to identify the situations of current resources accurately. It also enables making decisions efficiently by taking projected perspectives into consideration.


    Currently, we are advancing demonstrations of the present solution jointly with several utility companies, including power companies inside and outside Japan. The key concern in these demonstrations is to verify the potential for an improvement of added values through fusion with other energy solutions such as NEC's energy management technology and electricity storage battery technology. As referred to above, the solution is designed as a platform for cross-sector integration of several systems so that fusion with other systemsor technology elements is achieved easily. At NEC, we continue to research the shapes of real-time resource management operations of the next-generation utility companies that will be developed around the solution presented above.
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    Abstract


    The dissemination and expansion of renewable energy such as photovoltaic power generation are promoted by means of feed-in tariff (FIT) and other procedures. However, output fluctuations caused by weather events create concerns due to the unfavorable effects on the supply-and-demand balance of the electric power grid. A new mechanism for adjusting the supply-and-demand of electricity is called for in order to secure a stable electric power system.


    This paper presents a new power supply-and-demand balancing solution proposed by NEC that is based on its virtual integration technology for distributed storage batteries using a hierarchical hybrid control system.
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    1. Introduction


    In order to resolve the issue of the power supply-and-demand balance that has been triggered by the increased use of renewable energies, the traditional supply-and-demand adjustment on the power supply side is already regarded as inadequate. The potential for a new supply-and-demand balancing mechanism considering the demand side is currently under active deliberation. The “demand response” (DR) being studied together with a new market framework to be introduced after the institutional reform of the complete electric power deregulation in 2016 is a typical example of these deliberations.


    This paper presents the power supply-and-demand balancing solution proposed by NEC. We focus particularly on the “hierarchical hybrid control” system and “virtual integration technology” for active use with multiple storage batteries distributed over a wide area on the consumer side.

  


  
    2. Hierarchical hybrid control System for Distributed Storage Battery Control


    The power supply-and-demand adjustment using DR of the present solution is implemented by direct remote control of the electrical equipment of consumers. Therefore, it is vital not to spoil the convenience of use of consumers' equipment. From this viewpoint, the storage batteries of the consumers are a very promising type of control target equipment. This is because the storage batteries are regarded as not exerting direct influence on consumer convenience, unlike air conditioners.


    On the other hand, to implement the power supply-and-demand adjustment capability for the renewable energies that are estimated to be generated over 50 million kW by using DR, the power control capability to be procured is expected to exceed some millions of kW. If this is to be done using consumer storage batteries with only a few kW of output per unit, it is required to control as many as more than million storage batteries over a widespread area.


    Hierarchical hybrid control system (patented)


    The hierarchical hybrid control system is a storage battery control platform developed to control widespread storage batteries of the million unit class. Fig. 1 shows the schematic structure of the system, which is composed of the cloud based control server and with the control terminals on the storage battery side.
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        Fig. 1 Hierarchical hybrid control system.
      

    


    The hierarchical hybrid control system controls storage batteries using long-period coordination signals from the control server together with the reference information. This includes the frequency measured by each battery on its own terminal, the reference information and the load frequency control (LFC) signal. With this control method, the system controls the batteries for a short period but optimizes the control of the whole group of storage batteries for a long period. While the control amount distribution of the whole storage battery group is optimized using the coordination signal, individual batteries are controlled for a short period independently from the cycle of the coordination signal so that a high control response can be achieved. The coordination signal containing the optimization information is delivered for a long period of more than ten minutes.


    For example, so that the possibility of reserving the time for calculations required for optimization makes it possible to increase the limit of the “number” of controllable storage batteries significantly.


    In case a communication error happens during delivery of the coordination signal, the time availability for retransmitting the signal ensures high reliability control even when the communication system in use is a cheap one such as the Internet. Furthermore, the possibility of identifying the control status of each storage battery also contributes to improving the reliability of the control procedures.

  


  
    3. Virtual Integration Technology


    The virtual integration technology is packaged in the energy cloud (control server) as software (Fig. 2). The software collects information such as “the specifications including the rated output” of each of the various batteries, as well as the continuously varying information, including the “storage status” and “surrounding environment status including temperature.” It then optimizes the charge-discharge distributions of all of the storage batteries after assessing the specifications and status variations.
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        Fig. 2 Concept of virtual integration technology/hierarchical hybrid control system.
      

    


    The charge-discharge distribution is delivered to each storage battery as a coordination signal from the cloud, and each storage battery controls the charge/discharge based on the coordination signal and the information measured on the battery such as the frequency. As the virtual integration can regulate a large number of widespread storage batteries in an ideally bundled manner (virtual integration). The multiple storage batteries can be handled in the same manner as a single storage battery (virtual large-capacity storage battery).


    (1) Excessive charge/discharge avoidance of battery groups


    One of the critical functions of virtual integration is the charge/discharge control algorithm for avoiding excessive charge/discharge of each storage battery1). Fig. 3 shows the fluctuations of Power system frequency of representative power supply- and-demand adjustment functions, the load frequency control (LFC) and the governor free (GF) functions.
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        Fig. 3 Fluctuations of normalized frequencies in the LFC/GF bandwidths.
      

    


    Fig. 3 shows that the irregularity of the LFC and of the GF have different orders in the time axis and that the properties of fluctuations such as amplitudes are also different. Consequently, an attempt to reduce the fluctuations by means of the charge/discharge of the storage battery group could cause excessive charge or discharge due to the effects of such irregularities. The virtual integration identifies the irregularity of each supply-and-demand adjustment function by means of a unique mathematical treatment. This distributes the SoC (State of Charge) rate correction coefficient optimally to each function and each battery. The result is the possibility of the continual control of the charge/discharge of the whole battery group.


    (2) Degradation suppression control of storage battery


    Of importance in the DR such as for power supply and demand adjustment using the storage batteries of consumers from the viewpoint of improving convenience is to suppress the degradation of storage batteries following repeated charge and discharge. As the virtual integration can reflect the battery condition including the temperature and SoC to the control, it can distribute charge/discharge in a manner that minimizes degradation according to the conditions2). Fig. 4 shows a case of verifications of the degradation speed distribution when the batteries are controlled or not by using the degradation suppression algorithm.
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        Fig. 4 Storage battery degradation speed distribution.
      

    


    The case above shows the results of numerical calculations of the charge/discharge situation of a day when variations of SoC according to the individual usage situations of consumers are applied to 100 storage batteries with different ratings of kWh capacity and kW output. The graph shows the difference in degradation speed distribution depending on whether or not the degradation suppression control is applied. It is understood that the degradation suppression algorithm can control the degradation rate at around 40% on average.


    (3) Multipurpose simultaneous control of storage batteries


    Of importance for improving the storage battery utilization efficiency is to provide functions that are implementable by charge/discharge with a multiple purpose and simultaneous execution capability. This process is referred to as multipurpose simultaneous control. The virtual integration technology is capable not only of controlling multiple storage batteries as a single group all at once, but it also incorporates an algorithm enabling simultaneous control of multiple purposes2). Fig. 5 shows the control error when the DR operations of LFC and GF are executed simultaneously to control a group of 100 storage batteries.
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        Fig. 5 LFC control error (top) and GF control error (bottom) of a whole storage battery group.
      

    


    With this control method, the power supply and demand adjustments of the LFC and GF frequencies belong to different bands are performed as DR operations while executing the degradation suppression control shown in Fig. 4. The control error is evaluated by dividing the difference between the theoretical charge/discharge quantity of the “drooping characteristic” contracted with the power company and the actual charge/discharge quantity of the storage battery group by the contract capacity of each application. The graph shows that the control makes the LFC and GF compatible and executes each of them for 24 hours with an error below 1%. In this way, the virtual integration can simultaneously control multiple purposes including the control of degradation suppression resulting from charge/discharge and the LFC and GF adjustments.


    (4) Compatibility with OpenADR 2.0b


    The traditional DR is executed by means of human control of electric equipment (for example by stopping usage for power saving). At present, the automated demand response (ADR) for automating the traditional DR is increasingly used. The OpenADR Alliance, the international organization dealing with the communication protocols for use in the ADR, announced an international standard called “OpenADR 2.0b” in July 2013.


    OpenADR presupposes a mechanism in which the VEN (Virtual End Node) playing the role of the client receives a request from the VTN (Virtual Top Node) playing the role of the server and responds to it (demand response). The hierarchical hybrid control system is compatible with OpenADR 2.0b so it can be linked with various energy management systems. This enables the power supply-and-demand balancing of various storage battery groups managed by several different aggregators (Fig. 6).
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        Fig. 6 Image of utilization of OpenADR 2.0b.
      

    

  


  
    4. Deployment in Community Grids


    Fig. 7 shows the control panel of distributed storage batteries by the virtual integration technology/hierarchical hybrid control system.
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        Fig. 7 Monitor/control panel of distributed storage battery control server.
      

    


    In the future, the power supply-and-demand balancing solution employing the virtual integration technology/hierarchical hybrid control system is expected to be used in applications such as the community grid, with which a power grid is formed on a per-community basis (Fig. 8).
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        Fig. 8 Concept of community grid.
      

    


    The community grid indicates a potential of new, low-carbon and resilient towns where local generation and consumption of energy are possible by using renewable energies and storage batteries. Even in the case of an emergency after a power outage, the community grid is capable of supplying power using the storage batteries distributed in each housing or building and the batteries installed in electric vehicles. The individual management and status check of each storage battery enables a stable power supply to the community with an optimum power supply-and-demand balancing. For example sending the power from an area, house or building with excess power to those where power is insufficient. The virtual integration/hierarchical hybrid control system is an effective solution technology for the power supply-and-demand adjustment of a community grid.

  


  
    5. Conclusion


    In this paper, we describe a virtual integration technology and hierarchical hybrid control system that is capable of providing power supply-and-demand balancing using multiple storage batteries distributed on the consumer side. The preset technology enables real-time synchronous control with high efficiency and high stability of grouped storage batteries, the number of which can be increased or decreased flexibly as required. It is our intention to contribute to an expansion of the introduction of renewable energies and to stabilize the power supply system via the provision of a new means of power supply-and-demand adjustment such as the one presented above.
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    Abstract


    As renewable energy generation like PV and wind become larger proportion of the overall generation fleet in electricity grids around the world, controlling and managing that variable and intermittent generation resource to match with real-time electricity consumption becomes more challenging. NEC Energy Solutions, part of NEC's Smart Energy division, is at the forefront of deploying a new technology on the electricity grid – energy storage – that can provide better and more positive control of renewable energy systems, making future power grids both clean and sustainable, while continuing to provide the reliability and efficiency required by all electricity users.

    


    
      Keywords


      energy storage, electricity storage, power storage, ESS, lithium ion, batteries, renewable integration, PV, wind, grid, reliability, efficiency, GSS, grid storage solution

    

  


  
    1. Introduction


    Renewable power is an important part of future electricity generation in both major developed countries around the world, as well as developing, rural or remote regions of the world. While renewable power like solar photovoltaic (PV) and wind turbines is clean and reaching the cost effectiveness of traditional fossil fuel thermal generation power plants, it does not come with the same degree of control as a thermal generator does. With traditional coal or gas power plants, increasing or decreasing the rate of fuel supply allows control of output power according to energy consumption needs on the grid. However with wind or PV power plants, the fuel source – sunshine or wind – is not controllable. Thus as the proportion of renewable generation increases in relation to coal, natural gas, or other types of controllable thermal generation, an additional degree of control must be added to the grid to ensure reliability.

  


  
    2. Energy Storage for Reliable Renewable Grids


    Unlike many other commodity markets, the electricity market is unusual in that electricity storage is typically not a core part of the value chain. Supply of electricity must always be equal to the demand for electricity (Fig. 1) – if it doesn't, the entire electric grid begins to shut itself down to protect equipment and people from the potential hazards that arise when imbalance occurs. Historically, power plants could increase or decrease their output on demand to accommodate changes in power consumption due to fluctuating loads on the grid, such as lighting orHVAC equipment. As power plants shift away from fossil fuels and more towards renewable generation, the proportion of controllable generation decreases, and installing more renewable generation can cause challenges in the balancing act of electricity supply and demand for the grid system operator, who is typically resp nsible for maintaining this balance. This is where electricity storage can become an essential tool for the renewable grid.
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        Fig. 1 Schematic image of Generation (Supply)/Load (Demand) balance in power system.
      

    


    As changes in the balance between supply and demand – also known as generation and load – of electricity occur due to fluctuations on both sides of the equation, controllable or “dispatchable” resources are brought online to compensate for the fluctuations and restore balance. Ideally, a very rapidly-responding and precise power plant provides this balancing resource to the grid system operator. Using these resources, the system operator commands the balancing resource to increase and decrease its output to match the ever-changing load on the grid.


    Energy storage, in the form of battery-based electricity storage systems connected to the grid, provides a very rapid and precise response and are one of the most effective tools a system operator can have to maintain balance. NEC Energy Solutions has been providing these types of energy storage systems, known as GSS (Grid Storage Solution), for many years and has demonstrated their effectiveness in many parts of the world (Photo 1). In the “PJM” region of the United States, a 32MW lithium ion GSS has been providing a service called frequency regulation since 2011.
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        Photo 1 32MW GSS for the PJM frequency market in West Virginia, USA.
      

    


    Frequency regulation is the name of the balancing service that the grid system operator, PJM, must have as a resource to ensure the matching of electricity generation and load, and can be provided by any resource through an open, organized market structure where eligible providers compete to provide this service, based on both price and performance. Since an overhaul of the frequency regulation market in 2012 based on a regulation change called “FERC Order 755”, energy storage systems like NEC Energy Solutions' GSS have been able to provide faster, more precise frequency regulation service to PJM, and in return, earn higher revenues for such service. It is through this increased resource pool of faster, more accurate resources that allows for PJM to actually decrease its procurement costs for frequency regulation service, despite paying more to resources like the NEC Energy Solution GSS installations located throughout the region. The reason it can do this is that with more precise control of power output, PJM can actually rocure less total frequency regulation than before, and accomplish the same job of balancing the grid.


    As an example, a coal-fired steam generator is allowed to provide frequency regulation service to PJM. However, it is unable to provide very high performance service (Fig. 2). Gas-fired combined cycle generators are also allowed to provide frequency regulation, and can perform better (Fig. 3). However, an energy storage unit provides almost perfect service (Fig. 4). As the resource pool in PJM shifts from poorer performing units to high performing units like energy storage, PJM is able to provide the same balancing service, but use a smaller amount of resources. It is in this way that some resources can actually be paid more than others, but not cause an overall increase in cost to the system or the electricity customers.
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        Fig. 2 Typical response performance using a coal-fired stream generator in the PJM frequency market.
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        Fig. 3 Typical response performance using a gas-fired combined cycle generator in the PJM frequency market.
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        Fig. 4 Typical response performance using the NEC Energy Solutions GSS in the PJM frequency market.
      

    


    In addition, as clean, sustainable, but variable and intermittent renewable resources like wind and PV become more prevalent on the grid, the need for faster, more precise balancing services is likely to increase. To prepare the future grid for this shift in the overall generation mix, it is crucial for system operators like PJM to develop a more flexible and higher performing pool of resources to allow it to more effectively balance the grid in the face of increased renewable generation and a decrease in traditional, controllable thermal generation. This will become true in PJM and in any other grid in the world where controllable generation is increasingly replaced by variable, less controllable generation. Energy storage can perform this key and critical service in support of these future grids.

  


  
    3. More Efficient Renewable Power


    In addition to being more difficult to control, a grid relying more on renewable power derived from sunshine and wind will not always produce electricity exactly when it is needed. This constraint can limit the efficiency in the form of constraining the output of the renewable resource. This constraint is demonstrated by the California Independent System Operator (CAISO) in a study showing how increased renewable generation in the form of PV solar can cause over-generation during the day, and then as the sun goes down, force a massive increase in power output of all remaining non-PV generating resources of over three hours (Fig .5). This can be difficult for generators to accomplish due to the necessity of running power plants at near economic minimums or even shut off during the day, and then for ing them to rapidly increase their output over a few hours in the evening. Traditional power plants like coal or natural gas fired thermal generators not only wear out more quickly under these circumstances than if they ran at the same output level all the time, but also produce more carbon emissions under rapidly ramping conditions. The increase in cost and emissions is fundamentally opposed to a key motivation for installing renewable generation like wind or solar, which seek to both reduce pollution and enable lower cost of electricity by taking advantage of free fuel (sunshine and wind). Yet achieving this vision, while maintaining the reliability and efficiency of today's electric grid, requires power plants to operate under these very sub-optimal conditions.
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        Fig. 5 California's “duck curve” (the overgeneration risk on certain days of the year with increased PV solar generation over the next several years).
      

    


    Unlike traditional thermal power plants, battery-based electricity storage systems can easily accommodate changes in power output to provide the flexibility the grid needs to accommodate more renewable generation. For instance, during the day, the electricity storage system cannot only run at zero, but also absorb all the overgeneration risk by charging up the batteries, while in the evening, the electricity storage system can provide the increase in power output by discharging.


    NEC Energy Solutions' GSS is able to ramp very rapidly, with outputs from zero to 100% within 250 milliseconds or faster, with no penalty on wear rate, no emissions, and of course no fuel consumption. It can provide increased reliability and efficiency for more renewable grids. For example, NEC Energy Solutions has deployed 11MW GSS in conjunction with a wind farm located in Maui, Hawaii (Photo 2). This GSS stabilizes the power output of the wind farm, boosting it if the wind dies down too quickly, or absorbing it if the wind speeds up too quickly (Fig. 6). This energy storage installation allows the system operator and electric utility Maui Electric Company to manage the grid more effectively.
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        Photo 2 11 MW, 4.4 MWh GSS for stabilizing of wind farm power output in Maui, Hawaii, USA.
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        Fig. 6 The example of stabilizing the power output of the wind farm using the GSS in Maui.
      

    

  


  
    4. Conclusion


    We have covered only a few of the different applications for energy storage on the grid, all of which enable grid system operators to better manage and control the flow of electricity. NEC Energy Solutions has been working on these and many other projects around the world using its GSS grid storage solution. These GSS installations are helping to stabilize and increase the reliability and efficiency of electric grids by giving operators the ability to move electricity in time, using a resource that can be deployed in any location on the grid from under 100kW to over 100MW in scale. Deployed in the transmission system, distribution system, or even at customer sites at what is called “behind-the-meter”, energy storage in the form of the GSS is having a real impact on electric power reliability today, running not in demonstration projects, pilot projects, or proof-of-concept, but in commercial revenue service, 24 hours a day, seven days a week.


    As the electric power grid undergoes transformation from fossil fuel generators to more renewable and sustainable sources like wind or PV, it must also prepare itself to accommodate the increasing variability of these types of generation, previously unknown. Energy storage will become a key part of tomorrow's grid, and with it, an improvement in not just reliability and efficiency, but also in environmental friendliness, providing society a more sustainable, clean electricity supply.
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    Abstract


    In sunny southern Italy, energy production from renewable sources such as solar and wind power has been growing rapidly. As these forms of energy can be difficult to deliver consistently, ensuring stabilized operation of electric grids that use these sources is now a big issue. Italy's largest distribution system operator, ENEL Distribuzione sees the energy storage system as one of the most promising solutions for the stabilization of electric grids accompanied by the massive introduction of renewable energy. To help ENEL prepare for full deployment of the energy storage, NEC implemented a demonstration system in the field. The energy storage system for electric grids installed by NEC at an ENEL substation in southern Italy has been highly evaluated in terms of both performance and quality.

    


    
      Keywords


      lithium-ion battery, power storage system, system stabilization

    

  


  
    1. Introduction


    The European Union (EU) has declared the targets of reducing greenhouse gas emissions by 20% compared to 1990 as well as increasing the ratio of renewable energy in total energy consumption by 20% and improving energy efficiency by 20% by 2020 as the measures against climate change. Italy is no exception in making efforts to promote the introduction of renewable energy based on the EU's targets. Among the country's efforts, solar and wind power generation has been massively popularized in southern Italy due to the region's geographical and environmental factors - such as the amount of sunshine and the type of wind conditions - which make it ideal for renewable energy production (Fig. 1).
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        Fig. 1 Renewable energy in southern Italy.
      

    


    ENEL Distribuzione (hereinafter referred to as ENEL), Italy's largest power distribution system operator, is investigating the introduction of large scale energy storage system as a means of stabilizing a power system undergoing a massive introduction of renewable energy. In this paper, we will look at one of the most promising solutions of this type, a grid energy storage system installed by NEC in the Calabria region of southern Italy in 2014, which is now being used for stabilization validation tests of ENEL's power distribution systems.

  


  
    2. Issues of System Stabilization in Southern Italy


    Headquartered in Rome, ENEL is Italy's largest electric power company and operates about 85% of the domestic distribution network. As it moves to increase the amount of power generated using renewables in order to meet the EU's energy targets, ENEL has faced a number of challenges.


    The primary problem is that renewable energy sources are highly dependent on the weather. Intermittent wind or cloudy skies can significantly reduce the energy produced from these sources, which makes it difficult to forecast the amount of electricity that will be generated. When a power grid draws a large amount of power from renewable energy sources, it becomes more difficult to adjust supply to meet demand in real time and to keep the power frequency within the specified range.


    Recently, we have seen renewable energy being frequently connected to downstream substations. This has caused voltages in many of the major substations to increase and created reverse power flows from medium-voltage cables to high-voltage cables. This can result in unexpected generation of electric currents, producing instability in the power transmission and causing the quality of power to deteriorate.


    The Chiaravalle Centrale substation (Calabria, Italy), where NEC installed the grid energy storage system, has a huge number of solar and wind systems connected to its distribution networks. Dues to the high percentage of sunshine, the power generated by renewables in this region often exceeds - more often than the year before - the total demand from the substation's coverage area. This has caused unexpected reverse power flows to the distribution networks, resulting in unstable power transmission and poor power quality.

  


  
    3. Grid Energy Storage System


    To solve the problem of ensuring a stable power grid when large amounts of renewable energy are incorporated in the system, ENEL chose NEC. A grid energy storage system (Photo) was installed that uses lithium-ion batteries capable of storing 2-MWh power and validation tests were conducted to see how effective this storage system was at stabilizing the grid.
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        Photo View of the grid storage system.
      

    


    NEC's grid energy storage system was installed at the Chiaravalle Centrale substation. To ensure a stable supply of high-quality power, it incorporates the following functions.


    (1) Balancing control between supply and demand


    As mentioned above, the amount of energy produced by renewables such as solar and wind fluctuates depending on the level of sunshine and wind conditions. This makes it difficult to forecast generated power and prepare a generation plan in advance. To maintain the frequency of an electric power grid, supply and demand need to be coordinated with each other at all times. An energy storage system is used to fill the gap created by the errors in the planned and actual values of a supply-demand balance. ENEL's operation center monitors actual demand and supply and, when an error occurs between the planned and actual values, sends commands to the storage system to charge or discharge as necessary in order to correct the error.


    (2) Frequency regulation


    As described in (1) above, controlling the supply-demand balance based on commands from the power supply command center is effective in correcting the imbalance for longer time cycles from less than an hour to a few hours. However, the response times of communication networks and systems mean that it is not effective when dealing with shorter time cycles from a few seconds to a few minutes. The energy sto rage system monitors power system frequency 24/7, compensating for any deviations from the specified range by autonomously charging and discharging according to the degree of deviation.


    (3) Voltage regulation


    In the same way as it does with the frequency regulation function, the energy storage system always monitors the voltage of the power system. When the voltage deviates from the specified range, it autonomously controls reactive power according to the degree of deviation and compensates the voltage.


    (4) Backup power supplies in the event of a blackout


    Backup power supplies are supplied to critical facilities such as hospitals, police stations, and factories whenever a blackout occurs. Even if the auxiliary power unit goes down, the energy storage system can continue to supply power to critical facilities while powering itself using its own lithium-ion batteries.


    (5) Power quality compensation functions


    To maintain the quality of power, the energy storage function has a voltage compensation function that compensates for any sudden drop in voltage by supplying effective power, as well as a function that suppresses higher harmonic waves mixed in the power system.



    In the validation tests for ENEL as described above, we have verified the technological effectiveness of the system's ability to supply power when a momentary voltage drop or even blackout occurs, as well as to stabilize the frequency and voltage within the specified ranges.

  


  
    4. Conclusion


    As a key component of strategies to reduce greenhouse gas emissions, renewable energy is of growing importance not only for Europe but for the whole world. Increasing the effectiveness and reliability of renewable energy, as well as improving the operation capability of power transmission networks connected to significant renewable energy sources, is becoming more and more critical.


    ENEL's comprehensive testing of NEC's grid energy storage system resulted in a high evaluation of our technological expertise and project management capability, as well as the high-level performance and quality of our systems.


    ENEL is looking forward to the achievement of flexible power networks in which conventional energy and renewable energy coexist by using our ICT and energy storage system. As a world leader in both ICT and electricity storage technologies, NEC will continue to contribute to the construction of new power networks centering around renewable energy.
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    Abstract


    Under the accelerating replacement of traditional analog electricity meters by smart meters featuring digital measurement and communication functions, the Japanese power companies made RFP (request for proposals) aiming at open procurement and the dissemination of the metering and communication block of the Advanced Metering Infrastructures (AMIs). This paper reviews the methodology and achievements of NEC with regard to AMI business procedures. It will attract the attention of power companies because of its potential for improving the efficiency of their operations and services for customers.
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    1. Introduction – Japanese Domestic AMI Market


    After making requests for proposals aimed at open procurement and the dissemination of AMI metering and communication blocks, Japanese power companies have received a wide range of technical proposals and have selected a lead management company to perform wide-ranging integrations, including those entailing the pricing structures. Based on the “Japan Revitalization Strategy” approved at the Cabinet meeting in June 2013, the lead management company is preparing infrastructures aimed at the worldwide introduction of “Smart Meter” by the early 2020's.

  


  
    2. What is “Smart Meter”


    Unlike the traditional analog electricity meters, “Smart Meter” measures power consumption as a digital value and it has a communication facility for communicating the measured power consumption values to the power companies. The functions packaged in the “Smart Meter” are utilized in auto-metering for remote power consumption measurements, remote switching and the visualization of electricity use in households.


    Whereas the traditional meters obtained metering data each month via the visual work of metering staff, “Smart Meter” can collect data every half hour. So there are great expectations that the data collected in this new way will be usable for various purposes.


    “Smart Meter” can apply a large variety of communication methods such as the multi-hop method using the specified low-power radio and the 1:N method that makes use of the 3G or LTE. It is the function of the lead management company to propose a communication method that will meet the needs of each proposal.

  


  
    3. NEC's Achievements in Introducing “Smart Meter”


    Up to the present, NEC has achieved the introduction of communications parts in the “Smart Meters” of the power companies, as shown in Fig. 1. Below we comment on our approach as taken individually for each of these power companies.
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        Fig. 1 Introductions achieved.
      

    


    3.1 Participation in the AMI Communication System of TEPCO


    Tokyo Electric Power Co., Inc. (TEPCO) plans to introduce “Smart Meter” of the largest scale in Japan to include 27 million meters by FY2020. It has already started to select its partners for building the AMI system.


    Under these circumstances, NEC has applied for the invitation of the AMI proposals of TEPCO and has started participating in the projected joint promotion system that was organized together with Toshiba Corporation and the NTT Group on May 1st, 2013.


    According to this system, NEC was in charge of part of the “Smart Meter communication block [1:N (3G) method]”, which is the communication board to be built into the AMI, in collaboration with Toshiba (Fig. 2).
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        Fig. 2 Scope of the request of proposals by TEPCO.
      

    


    The key motives in our provision of the “Smart Meter communication block” were to attain a high enough quality and performance to play an important part in the network supporting the infrastructures, a production capability to meet an “Smart Meter” deployment project at Japan's largest scale and a reduction in the costs. Nevertheless, we succeeded in developing the product and starting the overseas production system by dealing with the key points mentioned above. This achievement was based on our full command of the technical knowledge obtained through past experience in wireless design/development as well as from our expertise that has been refined via domestic production.


    The “Smart Meter communication block” developed jointly with Toshiba has been certified by the “Wi-SUN Profile for ECHONET Lite,” which is an international standard for 920 MHz band specified low-power radio communication developed by the Wi-SUN Alliance at its first production attempt. This provides the “Smart Meter” installed in the area managed by TEPCO with advanced connectivity to equipment associated with the HEMS (Home Energy Management System)


    3.2 Participation in AMI Communication System of KEPCO


    Since 2006, NEC has been participating in and supporting the construction of the “New Metering System” project, which is the auto metering system of the Kansai Electric Power Co., Inc. (KEPCO).


    In 1999, KEPCO commenced active R&D of auto metering in order to improve customer services and the efficiency of metering operations. After studies dealing with structure, techniques and operations, Japan's first field verification of the auto metering of a 3000-unit scale system based on the wireless multi-hop method was started in 2008. Following this, test operations in advanced areas were started in 2009 and these were deployed in all areas after 2012. The “Smart Meter” of KEPCO is designed to allow replacement of the communication block alone, the communication method can be changed according to the situation of each area.


    One result on customer service of the construction of the auto metering system was publication of a website enabling visualization of electricity and simulation of energy saving. Customer services have also been improved by the possibility of remotely checking the customer status, which can reduce the time taken for customer inquiries.


    Auto metering has also brought about big advantages for companies; such as in operational efficiency improvements, avoidance of electric shock incidents during meter reading work, discovery of illegal power usage, elimination of locations with metering difficulties and rationalization of equipment installations based on metering data obtained every half hour.


    KEPCO has installed about 4 million “Smart Meters” as of the end of FY2014 and is scheduled to replace all of its 13 million approx. meters by the end of FY2022 (Fig. 3).
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        Fig. 3 AMI installation schedule of KEPCO.
      

    


    At NEC, we have already delivered more than 1.2 million “Smart Meter” communication units together with server systems that are supporting KEPCO's new metering system.


    Based on past achievements, we are planning to make new proposals for supporting the KEPCO system and are developing new services to support it.


    3.3 Participation in the Smart Grid Common Communication Platform of KYUDEN


    Kyushu Electric Power Co., Inc. (KYUDEN) started trial installation of the “Smart Meter” in 2010, aiming at providing a commercial service in the future. At NEC, we have been engaging in trial installations since 2011 and have developed the first “Smart grid common communication platform” by using the 1:N (WiMAX) public wireless communication system, which is the higher-level server for “Smart Meter” communication among the Japanese power companies, (Fig. 4).
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        Fig. 4 System configuration of KYUDEN's smart grid common communication platform.
      

    


    In the trial installation of “Smart Meter,” we have already installed some tens of thousands of communication units (WiMAX method) and we have confirmed the effectiveness of communications through the smart grid common communication platform.


    The smart grid common communication platform that we have developed for the trial installation is composed of several servers that perform the required functions and roles and enable provision of a common format, independent of multiple communication methods and operation services. This is in order to achieve the two purposes set at the start of the development. These are “to allow operational systems to communicate with communication equipment without awareness of the communication method in use” and “to enable communications with communication equipment without awareness of the differences in multiple communication methods”.


    In the future, we are planning to contribute to the dissemination of the system platform by providing it with the capability of accommodating the smart grid-related systems that will come in the future and the extendibility for facilitating the addition of new operating systems.

  


  
    4. Conclusion


    At the NEC Smart Energy Business Unit in charge of AMI business, we believe that the communication terminals for the “Smart Meter” are a critical platform for securing the collection of metering data.


    In particular, we believe that the liberalization of the resale of low-voltage to small-scale users in April 2016 will lead in launching various services based on the network described in this paper. We are also planning to continue further advancements and additions of the communication terminal functions in order to meet market trends. Some of the proposed approaches to be taken are discussed below (Fig. 5).


    
      [image: e150218_05.jpg]

      
        Fig. 5 Image of future approaches.
      

    


    (1) Consideration of the application of next-generation communication methods


    In addition to the currently provided communication methods, including the PHS, wires LAN, WiMAX and 3G, we are also planning for the expansion of the communication terminal lineup in order to prepare for next-generation communication methods, such as the LTE.


    (2) Approach to joint metering


    Assuming that the advancement of the joint metering of gas and water consumption is to come in the future, we will participate in joint demonstration activities with gas and water suppliers and we will also start investigations into the communication interfaces that are intended to be used.


    (3) Approach to route B data utilization


    We will also advance studies for utilizing the route B data by means of visualization of metering information with the HEMS, as well as those for creating new services such as those for development into energy management systems based on NEC's big data analysis technology.



    At NEC, we intend to continue collaboration with the power companies and the lead management companies in order to contribute to the continued dissemination of AMI in the fields of communications and ICT.

  


  
    * ECHONET Lite is a trademark and/or a registered trademark of ECHONET CONSORTIUM


    * Wi-SUN is a trademark and/or a registered trademark of Wi-SUN Alliance, Inc.


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


    * LTE is a registered trademark of European Telecommunications Standards Institute (ETSI).


    * All other company and product names that appear in this paper are trademarks or registered trademarks of their respective companies.
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  Methodology for UN/CEFACT Standards


  
    SAKAGUCHI Shingo
  


  
    Abstract


    Thanks to the rapid progress and deployment of technology such as M2M and smart grids, energy infrastructure is becoming much “smarter” - that is, it is now possible to gather useful data that can be used to enhance performance and operations. The potential volume of information available seems, for all intents and purposes, to be limitless. Various methods and approaches (systems, machines, languages, etc.) are being used to collect and store information. The key to effective utilization of the accumulated data is a standard that can smooth out the differences between systems and devices, as well as between states, styles, and languages, and operate on the data in a consistent and cohesive manner. This paper introduces standards set by UN/CEFACT, the standardization organization that has been called upon to solve this issue.
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    1. Introduction


    The United Nations Centre for Trade Facilitation and Electronic Business (UN/CEFACT) is an international standardization organization that works in cooperation with the World Trade Organization, along with the International Standardization Organization (ISO), International Electrotechnical Commission (IEC), and International Telecommunication Union (ITU). This paper discusses the standards set by UN/CEFACT and introduces ongoing energy projects (as of July 2015).

  


  
    2. UN/CEFACT


    Within the United Nations framework of the Economic and Social Council, the United Nations Economic Commission for Europe (UNECE) serves as the focal point for trade facilitation recommendations and electronic business standards, covering wide range of services such as supply chains, customs, financing, tourism, utilities, and administration. In this context, UN/CEFACT was established, as a subsidiary, intergovernmental body of the UNECE Committee on Trade (Fig. 1).


    
      [image: e150219_01.jpg]

      
        Fig. 1 Organization chart of the United Nations (excerpt based on CEFACT).
      

    


    UN/CEFACT is currently in the process of developing standardization guidelines based on the ISO/IEC 14662 Open-EDI Reference Model Standard. This open-EDI reference model is comprised of an implementation-independent viewpoint called the Business Operation View (BOV) and a non-implementation-independent viewpoint called the Functional Service View (FSV) (Fig. 2). By separating these aspects with different life cycles, these models are designed so that the system can be maintained longer.
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        Fig. 2 ISO/IEC 14662 (inside dashed-line box).
      

    


    In addition, as supplementary information, BOV and FSV lie beneath the application layer that corresponds to the seventh layer of the ISO/IEC 7498 Open Systems Interconnection.


    2.1 Roles of BOV and FSV


    Once operations such as B2B, G2B, B2C, and B2C have been determined and established, their lifecycles are often longer than other lifecycles more directly affected by technological innovation in ICT. In fact, the speed of technological innovation in the ICT field is so fast that it is often referred to as “dog years.” System obsolescence is often the result of non-updated technologies in the ICT field.


    Generally, if a system in the BOV can be maintained and continued while collaborating with the latest FSV as and when required, then it should be possible to delay the obsolescence of the system as a whole. This can facilitate the construction of a more economical system. At the same time, experts on either view can concentrate on their specialties, allowing them to pursue their studies in greater depth.


    2.2 UN/CEFACT Features


    Features of the UN/CEFACT are listed below.


    
      	High recognition as an international standardization organization for global e-business


      	Commitment to global trade extending over 40 years including EDIFACT, its predecessor


      	Universal platform on a BOV level that meets requirements of various industries and various countries


      	Participation of experts from various and diverse fields and countries

    


    In addition, the intellectual property rights of standard specifications (including technical standards) at the UN/CEFACT have all been renounced.

  


  
    3. UN/CEFACT Standards


    The UN/CEFACT's website (http://www.unece.org/cefact/) shows the various operation specifications that are exchanged with business counterparts. The site also shows technical specifications when those operation specifications are created. By using these technical specifications as a reference, it is possible to plan standard specifications that maintain a certain level of quality. This section introduces excerpts from the main technical specifications and operation specifications.


    3.1 Standards of Technical Specifications


    3.1.1 UMM


    The UN/CEFACT Modeling Methodology (UMM) is a technical specification that stipulates the concept and notation methods for modeling operations with business counterparts in e-business. In the notation methods, restrictions are based on the unified modeling language (UML). This allows developers to perform modeling that maintains a certain level of quality. In the UMM, the minimum granularity of an exchange between business counterparts is called a “business transaction.” The granularity an operation can achieve by bundling one or more business transactions is called a “business collaboration.” The granularity of a bundle of multiple business collaborations is called a “business process.” The concept of these granularities and methods of modeling are incorporated in the UMM to make possible universal modeling of operations in various industries.


    3.1.2 CCTS


    The UN/CEFACT Core Component Technical Specification (CCTS) is a technical specification to create business information that is exchanged with business counterparts in e-business. The CCTS uses ISO 11179 Metadata Registries (MDR) for reference and focuses on two factors: first, that people can understand the content of the items of the business information to be created, and second, that computers can process those items. Also the CCTS itself has become one of the ISO international standards as part 5 of ISO 15000 (ebXML).


    3.1.3 NDR


    Assuming XML as an intermediate format when business information is exchanged between business counterparts in e-business, the UN/CEFACT XML Naming and Design Rules Technical Specification (NDR) is a technical specification to uniquely define XML from business information. Additionally, the product created by NDR is an XML schema.


    3.2 Standards of Operation Specifications


    Examples of the UN/CEFACT standards include various operation specifications for supply chains, financing, procurement, utility, and tourism. We will review those specifications here. A number of specific projects in various domains are now underway. Development is being conducted according to the open development specifications of UN/CEFACT.


    3.2.1 BRS


    The Business Requirement Specification (BRS) is based on the UMM and details the operation (procedure) of a business transaction. There is more than one BRS in each project. By understanding the BRS, ordinary users will be able to understand the details of operations as international standards.


    3.2.2 RSM


    The Requirement Specification Mapping (RSM) is based on the CCTS and describes business information exchanged with business counterparts. Information is built in the unit of business transaction. By understanding the RSM, ordinary users will be able to understand the specific items when information is exchanged with their business counterparts.


    3.2.3 XML Schema


    The XML schema developed with the NDR is used for defining business information exchanged with business counterparts as unique XML. The XML schema is also provided with a validation function for corresponding XML documents and can verify the requirements and options of the XML structure, as well as the multiplicity of components. By using this XML schema, ordinary users will be able to simplify the construction of a system required for information exchange that corresponds to computer processing during a transaction.


    3.2.4 CCL


    The Core Component Library (CCL) is a business dictionary that collects business data created in various projects. To make it easier to recycle business information, the CCL compiles data according to classes, class components, and related classes (Table). Each project first refers to the CCL and confirms whether or not the project's relevant items have been registered when business data items required for the project are going to be created, If there are no relevant items, the project registers new items in the CCL after harmonization is complete and uses them. The CCL is now managed with Excel and updated twice a year (first half is noted with “A” and second half with “B”).


    
    
      Table Statistical information of CCL 2015 Version A.
    
[image: e150219_03.jpg]

  


  
    4. Features of CCL徴


    4.1 Business Data


    UN/CEFACT business data is created in accordance with CCTS and refers to ISO 11179. This makes it possible to define information by focusing on improving recyclability, improved understandability, and improved computer processing capability. The CCTS uses two configurations to achieve these goals: the Core Component (CC), which is neutral in terms of business semantics; and the Business Information Entity (BIE), which incorporates specific business semantics (Fig. 3).
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        Fig. 3 Relationship between CC and BIE.
      

    


    BIE is defined when business context is added to CC (Fig. 4). As the attribute values of the BIE, the business context is comprised of the following data: Business Process, Product, Industry, Region (Geopolitical), Official Constraints, Role, Supporting Role, and System Constraints. For data item notation, the BIE is defined by adding modifiers to the names of the items of the CC.
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        Fig. 4 Creation example of BIE from CC.
      

    


    4.2 Harmonization


    To register CC or BIE to CCL, the relevant business data must be submitted to the CCL maintenance group (CCLMG) of UN/CEFACT for screening. This procedure is called “harmonization.”


    To harmonize the data, the CCLMG visually confirms the meaning (semantics) of the business data on an item-by-item basis to check if a CC or BIE with the same meaning is already registered in the CCL. If the relevant business data already exists in the CCL, the submitted data will be reconstructed using the existing CCL or BIE. If no matching business data exists in the CCL, the new data will be added to the CCL. In that case, the designation rule and construction need to be in line with the syntax specified by the CCST.


    There two ways to make a submission to the CCL. One is when the relevant business data is created in a project inside UN/CEFACT, the other is when the data is created by a standardization organization other than UN/CEFCT (a forum-style standardization or a regional standardization organization). Should that be the case, the syntax needs to comply with the CCTS. The former is registered in the CCL as Message-BIE and the latter is registered as Reference-BIE.

  


  
    5. RDUMS Project


    The Reutilization of Data from Utility Management Systems (RDUMS) project falls under the purview of the industry-specialized project development area/utility domain. An overview of the project is given below.


    5.1 Scope of the Project


    The scope of the RDUMS project covers (1) to (3) as shown in Fig. 5.


    
      [image: e150219_06.jpg]

      
        Fig. 5 Overview of RDUMS project.
      

    


    
      	Definition of business requirement specifications in order to store business data used in various utility management systems (including BEMS and HEMS) in cloud-based storage systems (Fig. 5-(1)).


      	Clarification of business requirements in order to establish common methods to streamline and simplify the recycling of data stored in cloudbased systems. This applies not only to utility markets such as energy, but other markets as well (Fig. 5-(2), (3)).

    


    5.2 Use Case Example


    Utilization of inter-industry utility data is being considered as a use case for this project.


    In this case, the project serves as a hub (including Big Data functions) that distributes business data created by various industry-specific systems via the core component dictionary of UN/CEFACT. Since the data was originally gathered in various industry-specific systems, inter-system collaboration on the data axis is difficult. However, it is considered possible to achieve pseudo-collaboration of systems because the meaning and syntax of the data can be captured uniformly via the CCL.


    If this is accomplished, new services that transcend the barriers of conventional fields can be offered by insurance companies, for example (Fig. 6). This will make possible collaboration with industries not previously involved.
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        Fig. 6 Use case of RDUMS project.
      

    

  


  
    6. Conclusion


    In the above, we have introduced UN/CEFACT's standard specifications and RDUMS project. The term IoT (Internet of things) is becoming more popular as an ever-widening range of data is collected and analyzed in the cloud. However, sharing this data is not easy. Standardizing data according to the UN/CEFACT specifications will allow it to be utilized in various domains and achieve inter-industry collaboration.
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    Abstract


    Smart Grid progress brought our attention to the importance of Demand Response (DR) as a means of maintaining the power demand and supply balance, and maturation of the DR market is expected. This report introduces OpenADR 2.0b, which is the latest international standard for Automated Demand Response technology, together with details of NEC's approach.
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    1. Introduction


    Interest in Smart Grid technology has increased rapidly on a global level. In Japan, in particular, it has become a pertinent issue, ever since the 2011 Tohoku Earthquake. While the expansion of renewable energies is expected, unpredictable power sources such as solar and wind generation have proven to be unstable, so their increased usage renders the entire power supply system unstable, thereby making the Smart Grid an even more important requirement so as be able to operate all power sources in a stable and efficient manner.


    One way to enable the above is to focus more attention on Demand Response (DR), which is an optimum mechanism to control the balance between electricity demand and supply by utilizing ICT. This is now undergoing testing (POC).


    DR adjusts the power demand according to the supply and is effective for more efficiently using of power supply resources. It also allows the demand side to consume electricity more efficiently, and with less waste. In cases of urgent power demand, we need to deal with peak demand more quickly than by what power generation plants can produce. As a result, DR is expected to be a clean, economical, and reliable technology that can offer beneficial solutions to both power suppliers and customers. In this paper, we describe OpenADR 2.0b, which is the latest international standard for the Automated Demand Response technology, and we will introduce our ADR platform technology and the DR system that is based on it.

  


  
    2. Outline and System Configuration of OpenADR 2.0b


    Fig. 1 shows the information transfer model of OpenADR 2.0b, specifying the data model and communication protocol for DR information messages among the power providers, aggregators and customers.


    
      [image: e150220_01.jpg]

      
        Fig. 1 Information transmission model.
      

    


    The system is modeled based on the VTNs (Virtual Top Nodes) transmitting messages and the VENs (Virtual End Nodes) receiving them, where the power provider is a VTN and the customers are VENs. The aggregators act both as the VEN of the power provider and the VTN for each consumer and multiple number of aggregators can be installed continually.


    The VTNs and VENs exchange messages via the Internet, and the PULL type (VEN acquires messages from the VTN by polling) and the PUSH type (VTN sends messages to the VEN) communication models are defined as the transmission mechanism. The use of HTTP and XMPP protocols are also defined. The messages are described in the XML and the payload of each service is also defined. The messages are protected with the TLS and the security is specified using the XML signature.


    The power provider (VTN) is configured as a DRAS (Demand Response Application Server) that creates DR events according to the DR program and issues them to the aggregators or customers, and the aggregators and customers (VENs) perform processing based on the DR events received from the VTN. The customers (VENs) are usually implemented in an EMS (Energy Management System) such as BEMS (Building Energy Management System).


    Table shows the outline of the service function specifications of OpenADR 2.0b. It consists of four service functions. These are EiRegisterParty (registration), Ei- Event (DR event), EiReport (DR report) and EiOpt (opt in/opt out).


    
    
      Table Service functions of OpenADR 2.0b.
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    To deal with a wide range of energy domains, the DR events include [SIMPLE] for the simple level control, [ELECTRICITY_PRICE] for power price notification, [ENERGY_PRICE] for energy price notification, [LOAD_ DISPATCH] for direct demand value specification and [LOAD_CONTROL] for direct load control.


    Fig. 2 shows the basic sequences and DR event time chart of OpenADR 2.0b. The scope of application of OpenADR 2.0b is DR sending and measuring, and does not cover the contract scheme.


    
      [image: e150220_03.jpg]

      
        Fig. 2 Sequences of OpenADR 2.0b.
      

    


    Fig. 3 shows the software function configuration of the DRAS by taking an aggregator applying OpenADR 2.0b as an example. The aggregator's DRAS is composed of the VEN that receives DR events from the power provider (VTN), the VTN that transmits DR events to the customers, the event management function linked through the API (Application Programming Interface), the applications for event distribution, etc., and the database (DB).
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        Fig. 3 Function configuration of DRAS software.
      

    


    (1) Event management


    This function manages the DR events received from the power provider (VTN) and those transmitted to the customers in collaboration with the event distribution function.


    (2) Event distribution


    According to the contents of a DR event received from the power provider (VTN), this function creates a DR event based on the customer and baseline information and distributes them automatically to the customers (VENs) from the aggregator (VTN). The controlled amounts to be distributed are calculated according to the preset percentages based on the baseline of each customer. The controlled percentages are updated based on past controlled amount achievements and the event acceptance rate of each customer.


    (3) Baseline


    The baseline refers to the power demand amount estimated assuming that the baseline demand adjustment is not performed. It is the basis for accurate identification of the demand amount resulting from the power adjustment performed by customers according to a DR event. This system determines the baseline according to the past data measured using the averaging technique (High 2 of 10: The data of two days with the highest power consumptions among the latest ten days).


    (4) Report management


    This function acquires and manages the achievement data (measurements) from customers (VEN), it also transmits the data to the power business (VTN) via the VEN. It additionally checks and analyzes the achievements in order to compile data for use in the auto distribution of DR events.


    (5) Customer information management


    This function manages the information on the load possessed by each customer and on the baseline and DR event accepted/not-yet accepted status as well as other information.


    （6）Web UI


    This application handles the user interfaces (UI) of the functions above.

  


  
    3. Actual Examples of Applications (Use Cases)


    This function describes the actual use cases of DR systems and their features.


    3.1 Services as a DR Information Send/Receive Infrastructure


    Fig. 4 shows the basic configuration of a DR system. It takes the extendibility into consideration because the power provider's DRAS may implement multiple VTNs depending on the scale. The basic DRAS has the VTN(s) and applications including the event management and event distribution (Fig. 3), and linked with the system and functions of the power provided via the API.
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        Fig. 4 Basic DR system configuration.
      

    


    This system is intended to provide a service as a DR information send/receive infrastructure using OpenADR 2.0b. It can distribute, transmit and receive DR information between an existing power provider or PPS (Power Producer and Supplier) and customers and perform DR control by means of connections to various EMSs (such as a BEMS) in which VEN is installed or direct connections to the loads and batteries.


    The VTN creates a DR event according to the DR program planned by each existing power provider or PPS and notifies the VENs of the customers of the event.


    Fig. 5 shows the linkage with an external system, such as an EMS or a power generation or demand forecasting system. In this example, functions including “POST,” which is a DR Event (Distribute Event) function using the HTTP REST, and “GET,” which is the Event Report function, are available to facilitate linkages with several external systems.
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        Fig. 5 Outline of API linkage.
      

    


    3.2 Service Solution for DR Aggregator


    Fig. 6 shows the configuration of a PPS system.
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        Fig. 6 Configuration of system for PPS.
      

    


    The system focuses on demand and supply management but also assumes use in power generation and demand forecasting as well as the linkage with DR.


    Considering the start of the electricity deregulation in Japan, the PPS should be capable of procuring power of the same amount simultaneously for 30 minutes. In case the 30-minute simultaneous same-amount specification cannot be achieved due to a fault in the power generation or demand forecasting, it is expected that the system should deal with it by means of DR-based power control or power procurement (negawatt power) as one of the power resources. The DR service as a means for reducing the demand and supply management risks is therefore applicable to the PPS system.


    Fig. 7 shows an example of a user interface for the DR-based power demand and supply adjustment. (1) receives the DR procurement request from the power demand-and-supply management, and according to the amount requested, summons a DR event to the customers based on the local consumer information and baseline. It also aggregates the DR event acceptance status per time zone and manages the DR control amount. (2) shows the power control values achieved by DR on the target load (building, etc.) to enable understanding of the actual control situation with respect to the baseline.
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        Fig. 7 Example of a user interface.
      

    

  


  
    4. Conclusion


    In the above, we introduced OpenADR 2.0b together with actual usage cases of the DR system.


    It is expected that OpenADR 2.0b will be updated according to the requirements of the electricity market. At NEC, we aim to continue to support ADR services so that we can contribute to the advancement of businesses in the smart energy domain.
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    Abstract


    The introduction of storage batteries has begun to be used generally in households. When batteries of a certain size are bundled and controlled together, they can be used to balance supply and demand in areas other than for general consumers. At the EMS Shinjuku Demonstration Center, Waseda University, NEC has recently succeeded in building a system for the automated control of storage batteries of consumers from a remote location. This was done by combining ECHONET Lite, which is the standard procedure for equipment control, and OpenADR, which is the procedure for Demand Response (DR) signal interchange. Using the developed environment, NEC demonstrated the remote charging/discharging control of storage batteries at consumer premises, the results of which are reported below.
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    1. Introduction


    The spread of installations of photovoltaic power generation systems among general consumers has been supporting the creation of energy by the consumers themselves. With regard to the systems for storing energy, heat pumps utilizing thermal energy are already widely distributed, and market growth for smart energy management using storage batteries is recently much anticipated.


    The storage battery is introduced in order to optimize energy usage by charging while the demand is low and discharging in the high-demand period. When batteries with certain levels of charging/discharging capability are bundled and subjected to external control, they can be used to secure demand/supply balance in fields that are no longer limited to general consumers.


    We have recently developed a system packaged featuring a standard procedure for the remote control of storage batteries and have demonstrated the remote charging/discharging performance. We report on this experiment in this paper.

  


  
    2. System Configuration


    Fig. 1 shows the system configuration adopted in the present demonstration. The higher-order system that features the OpenADR VTN (Virtual Top Node) function transmits the signal for the direct load control (DLC), which is one of the Demand Response (DR) usage cases. The aggregator system is an intermediate system that assumes installation in an organization in charge of DR aggregation. It has the OpenADR VEN (Virtual End Node) function with respect to the higher-order system and the VTN function with respect to consumers (Fig. 2).
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        Fig. 1 Configuration of demonstration system.
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        Fig. 2 Configuration of XMPP connection.
      

    


    A compact household storage battery (charging/discharging 2 kW, capacity 5.53 kWh), an aggregator system and a gateway device for connecting the storage battery are installed at the consumer premises. In addition, the consumer uses a broadband router to separate the home network and the broadband communications network. An HEMS-gateway communication facility is provided so that the higher-order DR system can be notified of the data held by the HEMS. The aggregator system, gateway and storage battery are provided by NEC and they incorporate the requisite functions for the demonstration. The higher-order system, HEMS controller and the AMI Smart Meter are the property of the EMS Shinjuku Demonstration Center.

  


  
    3. Communication Protocol


    The section between the higher-order system and aggregator system and that between the aggregator system and the consumer gateway are connected with OpenADR 2.0b. The usage cases adopt direct load control (DLC).


    The XMPP is adopted as the OpenADR transport protocol. Although the simple HTTP is mandatory for OpenADR and the XMPP is optional, we selected the push distribution using the XMPP considering that short-period operation at 1-minute intervals is to be demonstrated. The XMPP connection from the gateway enables push distribution using the XMPP across the broadband router. With the demonstration herein, XMPP servers are packaged in the higher-order system and aggregator system. Fig. 2 shows the configuration of the XMPP connection.


    The connection between the gateway and storage battery employs ECHONET Lite. A device object for storage battery class is packaged to allow the gateway to give the storage battery a charging/discharging indication of a specified charging/discharging amount. The required instantaneous charging/discharging electric energy amount is also obtained from the storage battery.


    The gateway is also connected to the HEMS controller. This function is provided so that the data held by the HEMS controller can be sent to the aggregator system and to the higher-order system.

  


  
    4. Demonstrated Usage Cases


    Fig. 3 shows the usage cases of the demonstration.
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        Fig. 3 Demonstrated use cases.
      

    


    (1) Charging/discharging indications (1-minute intervals)


    In this usage case, indications for charging or discharging are given to the storage battery at the consumer premises. The amount of charging or discharging can be specified in kW. The minimum charging or discharging interval is set to 1 minute. Detailed specifications can be made from the higher-order system. To reduce the event transmission count, the event information interval specification facility is available to transmit multiple charging/discharging amount specifications at 1-minute intervals simultaneously for a single piece of event information. If the charging/discharging amounts are unknown until immediately before giving an indication, a single piece of 1-minute interval information should be transmitted per piece of event information. However, when the charging/discharging amount is decided for tens of minutes, the charging/discharging amounts of multiple 1-minute intervals can be specified in order to reduce the event transmission count.


    Fig. 4 shows the charging/discharging indication procedure.
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        Fig. 4 Charging/discharging indication procedure.
      

    


    With OpenADR 2.0b, the charging/discharging indications use the oadrDistributeEvent payload of the EiEvent service.


    For the signal, we used signalName=LOAD_DISPATCH and represent the discharging amount (load decreasing kW) with a positive value and the charging amount (load increasing kW9 with a negative value. For the indications from the gateway to the storage battery, charging or discharging is specified by means of the “Operation mode setting” property of the storage battery class of ECHONET Lite. In the case of charging, the amount is specified in the “Charging electric energy setting.” In the case of discharging, the amount is specified in the “Discharging electric energy setting.”


    (2) Charging/discharging amount measurement (1-minute intervals)


    This usage case is intended to confirm the charging/discharging indication enforcement status by reporting the actual operating status of the storage battery when its charging or discharging is indicated for one-minute interval. The aggregator system collects the report on the actual charging/discharging amount every minute. The report on the collected information can be sent to the higher-order system as required.


    Fig. 5 shows the charging/discharging amount measurement procedure.
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        Fig. 5 Charging/discharging amount measurement procedure.
      

    


    The gateway reads the charging/discharging amount and the remaining stored electricity every minute from the storage battery. The charging/discharging amount is read using the “Measured instantaneous charging/discharging electric energy” property of the Storage battery class of ECHONET, and the remaining stored electricity by using the “Remaining stored electricity 1 (Wh)” property. The aggregator system is notified of the read-out measurements every minute using the oadrUpdateReport payload of the EiReport service of OpenADR.


    (3) Electric energy measurement (30-minute value)


    This usage case measures values of the cumulative amounts of the electric energy, which are measured by the AMI Smart Meter at 0 min. and 30 min. of every hour, and notifies them to the aggregator system and higher-order system. It is intended to confirm the result of a charging/discharging instruction by measuring the electric energy amount at the power receiving point. With the present demonstration, we set it to report on measurements every 30 minutes in order to identify them.


    Fig. 6 shows the electric energy measurement procedure.
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        Fig. 6 Electric energy measurement procedure.
      

    


    The HEMS controller reads the “Cumulative amount of electric energy measured at fixed time (normal direction)” and the “Cumulative amount of electric energy measured at fixed time (reverse direction)” properties of the low-voltage smart electric energy meter class of ECHONET and holds them.


    The gateway inquires of the HEMS controller, the measured values at 5 min. and 35 min. of every hour, which are 5 minutes after the 0 min. and 30 min. points of every hour. Upon acquiring the measured values, the gateway notifies the aggregator system about them using the oadrUpdateReport payload of the EiReport service of OpenADR.


    Considering that the aggregator system may receive reports from several gateways installed at different consumers, it reports to the higher-order system about the sum of the measured values at 10 min. and 40 min. of every hour using the oadrUpdateReport payload of the EiReport service.

  


  
    5. Results of the Demonstration


    We confirmed the operations activated by the charging/discharging indication from the higher-order system to the storage battery based on the data obtained with the charging/discharging amount measurement (1-minute intervals). The data about which the higher-order system was notified is shown in Fig. 7.
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        Fig. 7 Instantaneous charging/discharging electric energy amount measured on storage battery.
      

    


    We indicated a change by 0.4 kW to occur every minute, and the measured values certify that the intended operations are actually performed.


    Fig. 8 shows the result of the electric energy measurement notification in comparison with the data collected via route A of the AMI smart electric energy meter. The figure confirms that the data of route B sent to the higher-order system by means of OpenADR is identical to that collected via route A.
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        Fig. 8 Comparison of electric energy measured via route B and that obtained via route A.
      

    

  


  
    6. Conclusion


    We applied the direct load control (DLC), which is one of the DR use cases of a storage battery by means of OpenADR that is a procedure for DR implementation and by ECHONET that is an equipment control procedure, and succeeded in obtaining favorable results. We expect that, in the future, the application of standard open procedures will advance via systems such as a group control system for handling the storage battery as one of the distributed power sources.
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    Abstract


    With regard to energy management, a meticulously applied monitoring of the power consumption situations of the target electrical devices leads to promoting reduced and efficient use of energy, while at the same time comfort, convenience and productivity in life and work styles are maintained. This paper describes the electricity fingerprint technology developed by NEC that aims at the simple visualization of the power consumption of individual electrical devices. Also discussed are an actual case of application and the expected future deployment of appropriate services.
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    1. Introduction


    Energy management technology aimed at the efficient, waste-free utilization of electrical power is attracting attention as a suitable countermeasure for dealing with global warming and the rise of energy prices. R&D and practical implementation of this technology is currently becoming very active. In conducting energy management, a meticulously applied monitoring information of the power usage may acquire better understanding among users regarding saving power, which will lead to the efficient energy usage; for example, reducing the chance of use of devices with high power consumptions.


    This paper describes the electricity fingerprint analysis technology developed by NEC as an effective means of visualizing the power consumption of each electrical device.

  


  
    2. Features and Expected Effects of Electricity Fingerprint Analysis Technology


    At present, the power consumption in houses and offices are identified mainly by visualizing the total value using “Smart Meters” or sensors on the power distributor. To identify the power consumption of an individual home appliance or OA device, it is necessary to install a power metering sensor on each appliance or device.


    In contrast, the electricity fingerprint analysis technology can monitor the power consumptions of multiple devices by installing a single sensor on the power distributor


    Fig. 1 shows an outline of the electricity fingerprint analysis technology. With this technology, a current transformer (CT) is connected to the main power line on the power distributor and the waveform of the current flowing through the main power line (temporary current waveform of one cycle of the 50 or 60 Hz current). The current waveform in the main line at this time is one that synthesizes the current waveforms of all of the electrical appliances that are consuming current that are connected to the main line via circuit breakers.
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        Fig. 1 Outline of the electricity fingerprint analysis technology.
      

    


    The current waveform of each device has characteristic features depending on the device, as shown in Fig. 2. We call the current waveform inherent in each device the ‘electricity fingerprint' by way of analogy to the human fingerprint.


    
      [image: e150222_02.jpg]

      
        Fig. 2 Current waveform inherent in each device (Electricity fingerprint).
      

    


    The electricity fingerprint analysis technology estimates the power consumption of each device by analyzing the synthesized current waveform measured on the main line with referring to the waveform database that stores the current waveform (electricity fingerprint) information of each device using the electricity fingerprint analysis engine.


    At the present time, we have already confirmed under our experimental conditions that a single CT (current transformer) sensor is capable of estimating the power consumptions of 15 appliances running simultaneously. With the single-phase three-wire power system used in general houses, the power consumptions of 30 appliances can be estimated by installing a single sensor on each of the R- and T-phases. The CT sensors used here are not special items but products that are readily available commercially may be used.


    The electricity fingerprint analysis technology makes it possible to understand the power consumption and usage situations of electrical devices meticulously using a simple method while greatly reducing the cost and labor of installing the sensors compared to the previously applied technology. The acquired information can be used as the basis of proposing specific power-reduction solutions and thereby promoting the improved energy-saving behavior of the power consumers.

  


  
    3. Application to the Energy Management of an Office Building


    This section introduces a case in which our electricity fingerprint analysis technology was applied as an energy-saving measure for an office building.


    In this particular case, an electricity fingerprint analysis system was built on the office floor of Bldg. No. 9 of the NEC Tamagawa Plant. It covers desktop PCs, monitors and notebook PCs which are installed at more than a hundred desks and also office automation equipment such as multifunction printers. Since a single distributor is used in the office for a number of equipment, multiple CTs were installed on the distributor panel.


    Fig. 3(a) shows the change over time of the total power consumption measured by the CTs in the office area, per day. Although the graph indicates that wasteful power is consumed at night when nobody is in attendance, the visualization of total power consumption per area from this perspective cannot lead to an understanding of the cause, even if it helps in the discovery of waste.


    Fig. 3(b) shows the breakdown per device of the power consumption values shown in Fig. 3(a), which is achieved by employing the electricity fingerprint analysis technology. The graphs made it clear that the nighttime power consumption was because the desktop PCs were left switched ON. Based on this result, we held a workplace campaign and promoted the switching OFF of the desktop PCs before leaving the office. This resulted in successfully reducing the power consumed in the office.
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        Fig. 3 An actual case of the application of energy-saving measures in the office.
      

    


    As is evident in this case, the electricity fingerprint analysis technology makes it possible to effectively implement specific power saving measures by defining the causes of wasteful electricity usage, such as by the turning off of non-essential equipment.

  


  
    4. Service Deployment of the “Power Fingerprint” Analysis Technology


    The electricity fingerprint analysis technology is expected to contribute to energy saving by providing a per-device power consumption monitoring service for houses, office buildings, shops and factories.


    In addition, we expect to predict, plan and control the energy supply/demand by visualizing acquired information or by using those information as a big data to be subjected to further analysis. This will then become possible to provide energy management services that can promote more efficient energy usage.


    Furthermore, the accumulation and analysis of time-series power consumption data per device may expand the visualization targets. It is expected to visualize human behavior information such as presence and absence, as well for quantifying specific working behaviors (Fig. 4).
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        Fig. 4 Service deployment of electricity fingerprint analysis technology.
      

    


    Consequently, it will be possible to provide services that will contribute to the security and safety of living and to a health-longevity society; watching services and lifestyle advices for households and the residents of apartments. It is also expected that the working situation in offices is visualized and is used to develop a work-style management service, which may support or manage the job performance of employees and may improve their overall work efficiencies.

  


  
    5. Conclusion


    In the above, we presented the electricity fingerprint analysis technology that enables easily and meticulously applied monitoring of the power consumption and usage situations of electrical devices. The accumulation and analysis of the time-series power consumption data of each device is expected to visualize human behavior and business activity, and then to contribute to providing supportive human watching and improving work efficiency.
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    Abstract


    Japan's imminent liberalization of electricity sales and subsequent deregulation of the electric power industry in Japan will create huge opportunities for businesses in the electric power sector, while creating a host of new issues. In particular, finding a way to reduce the cost of power imbalances is considered crucial for companies trying to break into the new field of electric power retailing business. This paper introduces Digital Grid - a next-generation electric power system integrating information and communications - and our imbalance reduction solution.
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    1. Introduction


    The Digital Grid1), 2) is an Internet-like power distribution system that connects asynchronous, autonomous small-and-medium-scale microgrids. The design of time system enables individual cells to support one another by exchanging electric power, while at the same time making possible local production and consumption of power within microgrids using available energy storage and renewable energy. What makes this all possible is a device called a Digital Grid Router (DGR) that uses software control to manage and regulate power demands by facilitating dynamic, real-time power exchange within and between cells in the grid.


    Invented by Rikiya Abe, Project Professor at the University of Tokyo Graduate School, this new concept of power distribution has the potential to significantly enhance conventional power distribution systems while collaborating with mature national grids. Some of the major technologies underlying this concept - including the Digital Grid router - will be operational in the near future.


    Power exchange technology makes it possible to transmit and receive power by designating a partner via a power line that already exists or to be installed in the future. As the overall power distribution evolves, distributed generation systems such as energy storage installed on the customer side are expected to play an increasingly greater role. However, in many cases those systems are owned by different people and enterprises. By assigning identifiers to individual users, it will be possible to exchange power explicitly between multiple users.


    The brain of the Digital Grid system is the Global Control Software (GCS), which controls multiple DGRs remotely and is provided with power storage capability.


    The GCS features an original algorithm that selects and coordinates transmitters and receivers, as well as managing the timing when power is exchanged (Fig. 1). It will be possible to implement various applications in the GCS.
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        Fig. 1 Digital Grid system and DGR.
      

    

  


  
    2. Imbalance Reduction Solution


    An example of a solution that is made possible by the application implemented in the GCS is the imbalance reduction solution. This is a solution targeted at companies that are starting up new PPS (Power Producer and Supplier) businesses.


    Power imbalance is the difference between the power consumed and the power generated. New PPS need to be able to balance the generation and consumption of power in 30-minute units. In practice, however, there will be occasions when too much or too little power is generated relative to the demand. This is a power imbalance. Depending on how much excess or deficient power is produced, these providers will have to pay a fee to electric power companies. These fees are called imbalance fees. Higher fees are imposed when the imbalance exceeds the range of +3% and -3% of the peak. When the amount of deficiency exceeds 3%, they have to pay a high out-of-variation-range generation fee.


    With the imminent liberalization and deregulation of electric power retailing, imbalance fees are expected to become unavoidable costs for new PPS trying to enter the electric power business. For providers who purchase power from existing power companies, costs can be roughly divided into four types - power purchasing costs, wheeling costs, imbalance costs, and management and other costs3) (Fig. 2). Although imbalance costs account for only a small percentage of total costs, they are nonetheless expected to have a significant impact on the profits of PPS.
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        Fig. 2 Breakdown of new power cost (scale: 6,000 kW).
      

    

  


  
    3. Demand-Fix Technology


    Demand-fix technology makes it possible to fix or forecast (plan) intrinsically fluctuating demands by remote-controlling batteries.


    To reduce power imbalances, Demand-fix technology absorbs fluctuating power demands using batteries that can be externally charged and discharged. This makes it possible to synchronize the power demands of multiple customers with the planned values based on the forecast. Procurement plans based on demand forecast make it possible to procure accurate wholesale power. Technologies including a battery charge/discharge control algorithm fill the gap between the plans and actual consumption.


    3.1 Imbalance Analysis


    A power imbalance is the difference between the amount of power consumed and the amount generated. Now let's see how large the imbalance is in practice. Power generation is typically based on a variety of policies, including generator operation plans and market procurement. Power consumption can be estimated relatively easily by calculating the capacities of energy storage required, although the resulting estimate is not very accurate. An example of this can be seen in the analysis results published by the Architectural Institute of Japan shown in Fig. 3, which are based on power consumption data4). The analysis calculates the average for each hour and the standard deviation of data on the power consumed during the winter in about 1,000 households in the Kanto region for 31 days from January to February.
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        Fig. 3 Demand analysis of the winter in the Kanto region.
      

    


    It is clear from this graph that demand peaked in the early morning and the standard deviation reached a maximum of 162 kWh. Twice the maximum standard deviation value is 324 kWh. Assuming that the distribution here is normal, then, based on the definition of standard deviation, about 68% of the power demand can be covered by 324 kWh battery capacity, which corresponds to about 0.3 kWh per household. From this, it is clear that a battery with a relatively small capacity can handle most variations in power demand. As Fig. 3 shows, the standard deviation reaches its narrow peak in the early morning. This means that in practice it would be possible to obtain satisfactory results with about half of that value - 162 kWh for example.


    3.2 Imbalance Reduction Effect Using Batteries


    Now, let's take a look at the imbalance reduction effect using batteries. Here, we need mathematical model for the amount of imbalance created. As a simple example, let's assume that there is a 10% deviation on average (uniform random numbers from 0 to 20%) between the generation planned on the previous day and the actual demand. Let's also assume that the deficit imbalance fee over 3% is 45 yen/kWh and the deficit fee under 3% is 15 yen/kWh, as well as that the surplus fee under 3% is–10 yen/kWh and the surplus fee over 3% is 0 yen/kWh. For the power consumed, we used the same demand data as in Fig. 3, corresponding to 1,000 households in the Kanto region in the winter. The results of the analysis when a relatively simple charge/discharge algorithm are shown in Fig. 4. From these results, it is clear that the battery capacity required for the reduction of the 80% imbalance cost is 110 kWh. Basically, the greater the battery capacity, the greater the reduction of the imbalance; however, the degree of improvement tends to decrease. In other words, it is important that the battery storage capacity corresponds to the desired reduction effect, rather than attempting to maximize the reduction.
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        Fig. 4 Imbalance reduction effect using batteries (in winter in Kanto region).
      

    


    3.3 Charge/Discharge Algorithm Based on Demand Forecasts


    The results shown above are based on an analysis of the effects when a very simple control method is applied. However, a large imbalance reduction effect can be obtained even with a small battery capacity by applying a more sophisticated control method.


    In our trial calculation, a forecast of short-term demand is generated. By calculating the optimum battery charge/discharge of the battery while that forecast is taken into consideration, we've found that the same imbalance reduction effect can be achieved even with a battery that has 30 to 40% less capacity than conventional method (Fig. 5).
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        Fig. 5 Effect of Demand-fix control method.
      

    

  


  
    4. Conclusion


    The Digital Grid, like the Internet, is a means of connecting multiple independent nodes and managing and directing traffic between them. In the case of the Digital Grid, that traffic is electric power. As an example of how this works, we have shown how this technology can be applied to reduce power imbalances that arise in dispersed power distribution systems. The anticipated move towards renewables, along with deregulation of the power industry, will increase demand for this technology and expand the range of applications.


    As the amount of renewable energy such as photovoltaics (PV) entering the system increases, the feedin tariff system (fixed-price purchase system) used to subsidize less reliable forms of energy is expected to be phased out. The value of surplus power that up to now has been purchased on an unconditional basis is also expected to decrease in the future. Under these conditions, it makes sense for locally generated power to be consumed locally.


    However, out of the power produced in households in Japan that own 4 kW class PV devices, only about 40% or so is locally consumed, while the remaining 60% is apparently sold5). The reason why the percentage of power consumed locally is so small is that the timing of power generation differs from the timing of consumption.


    However, when batteries are used, the gap created by the deviation between the time when power is generated and when it is consumed can be eliminated. According to our calculations, the use of batteries can significantly reduce the imbalance, leading to greater local consumption of the power generated. However, the cost will increase relative to the number of batteries used.


    Power exchange technology take this a step further by redistributing power among multiple households so that any deviations up or down can be mutually absorbed. Collaborative operation between multiple households can be expected to further reduce the amount of power that needs to be purchased.


    These solutions are based on the assumption that the initial clients will be providers - companies seeking to enter the electricity retail business without owning electric power infrastructure.


    The electric power retail market is generally regarded as an independent and well-established commercial field. In the future, however, it is entirely possible that much more eclectic ranges of businesses will be active in this field, including, for example, stores that sell physical merchandise or facility management companies. In other words, we expect that these solutions will be adapted to meet the needs of customers from a wide range of businesses.

  


  
    * Digital Grid is a registered trademark of the Digital Grid Consortium, a nonprofit corporation.
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    Abstract


    Growing number of distributed generation and energy storage system installation has introduced new challenges and opportunities for reliable and efficient operation of power grids across the globe. The evolution of smart grid has resulted in the emergence of self-contained energy ecosystems called microgrids as an aggregation of distributed generations, energy storage systems, and loads.


    One critical value microgrid brings to the grid is resilience, which means the capability to anticipate risks, limit their impacts, and bounce-back rapidly to maintain desired services through survival, adaptability and evolution in the face of consistently changing environment. NEC Labs America has developed a management solution for microgrids which can work in both grid-tied and grid-disconnected modes while reducing cost of operation and improving resiliency from disasters, system failures and other unforeseen events. This solution also supports the integration of renewable generation and demand fluctuations when the microgrid is connected to the grid.
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    1. Introduction


    A microgrid is the aggregation of loads, distributed generation resources, and energy storage devices (Fig. 1). During operation, a microgrid is counted as an independent entity in a power system which can exchange power, information, and control signals with other microgrids and the min grid.


    
      [image: e150224_01.jpg]

      
        Fig. 1 Microgrid structure.
      

    


    Introducing microgrids into a power system has several benefits in terms of its operation. Some of these benefits include supporting the integration of renewable generation in the grid, reducing the cost of supplying electricity, isolating critical elements of the power grid and supporting them during outages, and participating in electricity markets to offer different services to the grid. According to a new report from Navigant Research, worldwide vendor revenue from microgrids will grow from $4.3 billion in 2013 to $19.9 billion in 2020, in the base scenario.


    To operate a microgrid efficiently, there are two tasks that should be accomplished by a management solution:


    
      	optimizing the microgrids performance by defining long term control strategies based on the application


      	operating and controlling the microgrid in real time and satisfying all operational constraints

    


    Furthermore, it is important to model and limit degradation of energy storage units to extend their life due to their high capital cost.


    To achieve these objectives, NEC Labs America has developed a management solution for microgrids. This management solution consists of two main layers: Energy Management System (EMS) and Resilience Controller which continuously exchange information with each other (Fig. 2).
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        Fig. 2 NEC microgrid solution layout.
      

    

  


  
    2. Energy Management System (EMS)


    Energy management problem deals with economic scheduling of various devices within a microgrid to supply its electrical demand in both grid-tied and grid-disconnected modes of operation. This problem could be challenging due to the issues associated with operation of different devices. These issues include intermittent and uncontrollable nature of many types of renewable sources, load variations in time, different grid power tariffs, planned and unplanned outages, distributed energy resources' (DERs) efficiency characteristics, energy storage degradation, and availability of different options to balance the electric supply and demand. EMS is one of the key business values of the solution since it directly affects the daily operational cost of a microgrid.


    EMS consists of operation models for microgrid devices including their cost model and operational constraints such as predicted generation of renewables and dynamic load prepared by forecasting module, dynamic tariff structure, deterministic and stochastic grid power outages, efficiency-based cost model for DERs, battery amp-hour based cost model and degradation model.


    In addition, the interaction between devices within the microgrid network is considered through the overall supply-demand balance model. The above-mentioned models are integrated into the framework of an economic scheduling (ES) problem. The modular architecture of EMS results in a flexible and generic structure. In this structure, any new device could be added to the network without any microgrid remodeling. Also, any failed device can be removed from the EMS model until it could be setup again. Last but not least, the modular structure could create more revenue by delivering additional services to the regional power system such as ancillary services, demand response, and peak load shaving.


    To handle the uncertainty in renewable generation and load profiles, Model predictive control (MPC) technique is employed in EMS. MPC is a class of control methodologies which use a model to project the behavior of system. It also measures the actual values of forecasted data and dynamically revises the predicted profiles. Model-based closed-loop control makes this the best suitable agile approach for EMS problem.


    2.1 Battery Degradation Model


    As chemical storage devices, original energy capacity and power capability of battery deteriorates over the course of its lifetime. The deterioration of battery energy capacity and power capability is affected by several environmental and operational factors.


    Since batteries are one of the most expensive entities in microgrids, it is crucial to operate them in a way which maximizes its economic lifetime. To do so, first we have developed an accurate battery degradation model integrating both cycling and calendar aging in a single framework for Li-Ion batteries. Neural network and statistical techniques with deep understanding of battery operation in power systems are utilized to build an accurate degradation model. This model integrates cycling and calendar aging and selects appropriate input parameters. Ultimately, the degradation model is integrated with the microgrid EMS to observe and limit battery degradation and modify battery setpoints generated by the EMS to achieve certain battery lifetime. This feature and its integration into EMS is the first of its kind.


    2.2 Forecasting Models


    The solution includes forecasting as an enabling piece of technology. Forecasts of renewable generation and load are required due to the uncertainty of these variables. Our forecasting technology is based on time series methods and can include exogenous inputs such as temperature and other variables. The forecasting technology is computationally very light in terms of memory and processing requirements. This is because of the unique manner in which the inputs are used in the forecasting process based on expert knowledge about physics of underlying system and relationships among different system parameters. The forecasts are repeated at every time step of the EMS by incorporating the most recent data of load and renewable generation. This feature also improves the accuracy and enables improved cost performance from the EMS. The forecasting technology can also be applied outside the energy management and optimization functions to improve reliability and to assess potential market participation areas.。

  


  
    3. Resilience Controller


    One critical value microgrid brings into a power system is resilience, which refers to the capability of the grid to anticipate risks, limit their impacts, and bounceback rapidly to maintain desired services through survival, adaptability and evolution in the face of consistently changing environment. Since microgrid is a smaller and localized version of the traditional grid with distributed energy resources (DERs), a microgrid controller has to deal with all the challenges a traditional power system have, and additional challenges including the intermittency of renewables and the switching between grid-tied and grid-disconnected operation modes.


    The microgrid resilience controller is designed to manage all challenges related to the resilient operation of system as discussed above. Microgrid resilience controller provides a multitude of functionalities for both grid-connected and grid-disconnected microgrid systems. Specifically, the following functions are provided: 1) Automatic generation control, 2) Reactive power management, 3) Equipment state/failure identification,4) Fluctuation stabilization, 5) Islanding microgrid during emergency or maintenance, 6) Reconnecting microgrid to main grid.


    Usually EMS schedules the power outputs for distributed generators (DGs) on a daily/hourly/minute cycle, based on forecasted renewable generation and load profiles. The resilience controller runs every few seconds to take care of disturbances happening during the microgrid operation. If everything goes perfectly as expected, the resilience controller commands all DGs to exactly follow the power references set by EMS. If disturbance occurs or there is change in the renewable generation/load, the resilience controller will make adjustments to the setpoints of all distributed generators. If a generator fails, the resilience controller will identify it and feedback this information to EMS for updated dispatch references. The main technology used in the resilience controller is the dynamic droop control, which keeps adjusting the droop control coefficients on all DGs based on real-time system operating conditions.


    As the resilience controller is managing the resilience aspects of the microgrid, it needs to cooperate with EMS so that they work together as integral pieces of a unified microgrid management solution.

  


  
    4. Technology Validation


    Since it is expensive and time-consuming to setup a hardware testbed for technology validation, we have developed a Real-Time Simulation Platform to validate the developed Microgrid Management Solution, as shown in Fig. 3.


    
      [image: e150224_03.jpg]

      
        Fig. 3 Microgrid solution technology validation.
      

    


    In the Real-Time Simulation Platform, the Microgrid is modeled in the real-time simulator from Opal- RT Technologies, Inc., while the Microgrid Management Solution is implemented in a controller. The information exchange between the controller and the Microgrid is through TCP/IP. The platform is able to create different resilience events with millisecond-level accuracy, so the performance of the Microgrid Management solution can be tested.


    This validation approach shortens the development cycle since the controller can be tested before the hardware is ready, and can lower development cost by avoiding possible damages to the hardware. With the capability to integrate both communication network and power network, the implementation of Information and Communications Technologies (ICT) in power industry can also be studied based on this platform.

  


  
    5. Conclusion


    In this paper, we have described the Resilient Microgrid Management Solution which has been developed at NEC Labs America. This solution incorporates the main customer requirements in microgrid markets. Among these requirements are electricity cost reduction and renewable energy utilization which are achieved in theEMS layer of the management solution. Resilience is another important factor in microgrid's domain which is addressed in the controller layer of this solution. Combination of several unique enabling technologies in NEC microgrid management solution has provided an opportunity to play an active role in microgrid market at different regions of the world.

  


  
    * Ethernet is a registered trademark of Xerox Corporation.

  


  
    Authors' Profiles


    
      BabakAsghari
    


    
      Energy Management Department

      NEC Laboratories America
    


    
      FengGuo
    


    
      Energy Management Department

      NEC Laboratories America
    


    
      AliHooshmand
    


    
      Energy Management Department

      NEC Laboratories America
    


    
      RakeshPatil,
    


    
      Energy Management Department

      NEC Laboratories America
    


    
      SeyyedAliPourmousavi
    


    
      Energy Management Department

      NEC Laboratories America
    


    
      DiShi
    


    
      Energy Management Department

      NEC Laboratories America
    


    
      YanzhuYe
    


    
      Energy Management Department

      NEC Laboratories America
    


    
      RatneshSharma
    


    
      Department Head

      Energy Management Department

      NEC Laboratories America
    

  


  
    
      Special Issue on NEC's Smart Energy Solutions Led by ICT
    


    
      Technology development and standardization
    

  


  Safety Technology for High-Energy-Density Lithium-Ion Battery


  
    INOUE Kazuhiko, KAWASAKI Daisuke, UTSUGI Kouji
  


  
    Abstract


    By developing a high-energy-density battery, NEC has not only helped make life more convenient by facilitating the more compact design of products that use batteries, it is also supporting the broader goal of creating a more sustainable society through efficient utilization of energy. Successful development of a high-energy-density battery requires not only suitable material to accumulate and store energy, but also technology capable of controlling large amounts of energy and technology to ensure reliability and safety in the event of emergency. This paper introduces technology that uses NEC's original flame-retardant electrolyte and separator to increase the safety of high-energy-density batteries.
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    1. Introduction


    The NEC Group is developing high-performance batteries for a wide range of applications, including electric vehicles, household electricity storage, and large storage systems that support electric grids, as well as electronic devices (Fig. 1). In every case, users demand that battery capacity be increased without increasing battery size. Demand for batteries with higher density is particularly intense in the electric vehicle sector, as battery capacity has a direct impact on the vehicle running distance.


    
      [image: e150225_01.jpg]

      
        Fig. 1 NEC's lithium-ion battery R&D target.
      

    


    Among materials that have recently attracted attention for their ability to facilitate storage of large amounts of energy are alloys such as silicon (which can be used for anodes) and layered oxide material such as lithium nickel oxide (which can be used for cathodes). Development of batteries using these materials is now underway (Fig. 2). However, if the stored energy in a battery using these materials becomes uncontrollable, thermal runaway can occur, leading to a potentially dangerous situation in which the components of the battery and the electrolyte (which is a flammable hazardous substance) are ignited.


    
      [image: e150225_02.jpg]

      
        Fig. 2 Candidates for high-energy density active material.
      

    


    Important technologies to maintain battery stability include circuit design technology that provides protection circuits, abnormality prevention technology that prevents deterioration of batteries by strengthening component properties (such as heat resistance, weather resistance, and chemical resistance), and flame-retardant technology that prevents ignition and spread of fire even in the case of thermal runaway.


    In this paper, we will discuss the development of a non-flammable electrolyte and a separator with increased heat resistance.

  


  
    2. Flame-Retardant Electrolyte


    2.1 Electrolyte Used for Lithium-ion Batteries


    Lithium-ion batteries are capable of storing large amounts of energy thanks to a high voltage of over 4 V. This high electric potential was made possible by using a nonaqueous electrolyte that has higher voltage resistance than a conventional aqueous electrolyte and is not electrolyzed even when the voltage exceeds 4 V.


    However, the usable solvents for lithium-ion batteries are limited to compounds that have excellent capability to dissolve lithium salt and are also low in viscosity because high ion conductivity is required. Many commercially available batteries use solvents called carbonates such as ethylene carbonate (EC), diethyl carbonate (DEC), and propylene carbonate (PC), but all of these are flammable organic compounds (Fig. 3).


    
      [image: e150225_03.jpg]

      
        Fig. 3 Structural formulae of electrolytes.
      

    


    2.2 Flame- Retardant Phosphorus-based Electrolyte


    Candidates for non-flammable nonaqueous organic solvents include ion liquids, halogen-based organic compounds, and organophosphorus compound. However, none of these are really suitable for use as the principal component of an electrolyte because they have higher viscosity and are more expensive than conventional carbonate-based electrolytes. To solve this problem, it has been proposed to mix non-flammable solvents with a conventional carbonate-based electrolyte. At this time, none of these compounds have seen any significant practical use because none of the proposed methods can achieve sufficient flame retardancy.


    In search of an appropriate compound, we decided to examine phosphoric acid ester. A comparison of the properties of phosphoric acid ester with conventional carbonates is shown in Table 1. As is the case with the carbonates, triethyl phosphate (TEP) - which is one of the phosphoric acid ester compounds - is low in viscosity, has excellent ion conductivity thanks to its excellent ability to dissolve lithium salt, and - for a non-flammable material - is relatively inexpensive. Consequently, we began working on an electrolyte whose principal component is phosphoric acid ester, which is a non-flammable compound.


    
    
      Table 1 Values of electrolyte solvent physical properties.
    
[image: e150225_04.jpg]


    The reason TEP has not previously attracted much attention is that its explosion point and flash point are even lower than PC. This would seem to indicate that its flame retardant capabilities are not very promising. Moreover, TEP cannot function as an electrolyte because it has poor compatibility with carbon materials used for conventional lithium-ion batteries and decomposes on the surface of the anode.


    However, after performing actual combustion tests, we found that this substance is a self-extinguishing compound that ceases burning as soon as it is separated from a burner - although it continues to burn as long as it is held on a burner. We also found that the electrolytic property of the electrolyte for silicon oxide - which is one of the candidate materials for the high-density battery anode we are developing - can be significantly improved by adding a few percent of fluoroethylene carbonate (FEC), whose constitution is partially replaced using fluorine that also contributes to flame retardancy. The effects of this are shown in Fig. 4. Lithium nickel oxide is used for the cathode, silicon oxide is used for the anode, and polypropylene resin is used for the separator.
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        Fig.4 Suppression effects of FEC on TEP decomposition.
      

    


    In the graph on the left, only TEP was used as an electrolyte solvent component, but charging was not possible because the TEP decomposed on the surface of the anode. On the other hand, the graph on the right is an example of what happened when 2% FEC was added. Since addition of FEC suppresses decomposition of the TEP, this makes it possible to obtain a charge/discharge curve equivalent to that of carbonate electrolytes.


    2.3 Battery Properties


    Fig. 5 shows the life property (cycle property) of the new electrolyte whose principal component is TEP. Compared to the electrolyte (EC/DEC-1M LiPF6) whose principal component is a conventional carbonate, the capacity (retention) after charge/discharge transits similarly. For practical use, some fine-tuning such as the addition of an additive would be required, but the results clearly indicate that the potential is there. In other words, it has been verified that this mixture offers performance equivalent to conventional electrolytes, as well as the additional benefit of being non-flammable.
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        Fig.5 Cycle performance (comparison between the new electrolyte and conventional electrolytes).
      

    


    2.4 Safety


    We ran comparisons (external short-circuit test, high-temperature test, and impact test) between our newly developed battery and a conventional battery. Lithium nickel oxide was used for the cathode in the new battery, silicon oxide for the anode, an inorganic (fiber) material with excellent heat resistance for the separator, and phosphoric acid ester for the electrolyte. The conventional battery used polypropylene resin for the separator and carbonate-based solvent for the electrolyte (Table 2). To maximize safety, a stacked multilayer laminated configuration was used for the new battery (Photo 1). This configuration provides a much a larger surface-to-volume ratio than is possible with a cylindrical or prismatic battery around which the electrode is wound. Based on this combination of design and materials, we anticipated that our new battery would offer excellent heat dissipation performance and higher safety even under conditions of abnormal heat generation.


    
    
      Table 2 Battery composition.
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        Photo 1 7 Ah battery used for safety evaluation.
      

    


    (1) External short-circuit test


    The external short circuit testing conditions are shown in Fig. 6. Photo 2 shows the external appearance of the batteries after the external short-circuit tests. When the reference battery with carbonate-based electrolyte was tested, the battery itself swelled and exploded. You can see the magnitude of the explosion in the photo. The new battery featuring the phosphoric acid ester electrolyte, on the other hand, displayed a few wrinkles on the outer covering due to slight vaporization, but otherwise appeared unchanged.
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        Fig. 6 External short-circuit test.
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        Photo 2 External appearance of the batteries after the external short-circuit test.
      

    


    (2) Heating test


    In the heating test, we observed the effect on the batteries of exposure to a temperature of 150 deg C for 3 hours (Fig. 7, Photo 3). When the temperature exceeded about 120 deg C, the cell voltage of the reference battery with the polypropylene resin separator began to decrease rapidly. At the same time, the battery temperature increased considerably. After the high-temperature storage test, observation of the battery's appearance indicated that it had ignited (Photo 3, top). Ignition is believed to have occurred because the polypropylene resin with low heat resistance generated melting and contraction, causing the battery to short-circuit.
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        Fig. 7 Changes in battery temperature and voltage during the heating test.
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        Photo 3 External appearance of the batteries after the heating test.
      

    


    Thanks to the use of the inorganic separator and new electrolyte, the new battery, on the other hand, showed only a gradual decrease in cell voltage even when it had been exposed to 150 deg C heat for 3 hours. This indicates that high safety was ensured because the inorganic separator generated neither melting nor contraction even at the high temperature of 150 deg C.


    (3) Impact test


    An impact test evaluates the safety of a battery when a strong impact is applied. Specifically, the test consists of placing a ø15.8-mm round bar on the charged battery and dropping a 9.1-kg weight on it from a height of 78.5-cm.


    The electrodes were short-circuited inside the reference battery, as was the lithium nickel oxide cathode, resulting in heat generation caused by the local flow of heavy current. The polypropylene resin also generated melting and contraction due to the heat, so the short-circuiting between the electrodes caused by the impact expanded, leading to the ignition of the flammable electrode. With the heat-resistant inorganic separator, on the other hand, there was no expansion of short-circuiting and no ignition, thanks also to the flame retardant properties of the electrolyte (Photo 4).
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        Photo 4 View of the new battery after the impact tests.
      

    

  


  
    3. Conclusion


    We have developed an electrolyte suitable for incorporation in high-energy density batteries. This electrolyte has almost the same life property as conventional carbonate-based electrolytes, with the added advantage that it is flame-retardant. In combination with an inorWe have developed an electrolyte suitable for incorporation in high-energy density batteries. This electrolytehas almost the same life property as conventional carbonate-based electrolytes, with the added advantage that it is flame-retardant. In combination with an inor-
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    Abstract


    NEC Energy Devices develops, manufactures and sells lithium-ion secondary (rechargeable) batteries. For automotive applications, we handle production of electrodes, while Automotive Energy Supply Corporation handles production of cells and other components. Because it is critical that it be possible to mass-produce electrodes used in electric vehicles, while assuring the highest levels of safety and quality, in 2008 we began laying the groundwork by joining forces with NEC's MONOZUKURI Innovation Division to design a plant capable of becoming the world's number-one electrode production line. Mass production and shipment of electrodes for the Nissan Leaf electric car began in July 2010. Since then we have continued to produce and ship electrodes with no quality issues or delivery problems. In this paper, we will focus on the features of our electrodes and discuss their production results.
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    1. Introduction


    A lithium-ion secondary battery (LIB) has higher energy density than other secondary batteries, so it has conventionally been used for mobile devices such as mobile phones and notebook computers. However, as concern for the environment and demand for energy saving products grow, the market for LIBs is now expanding into electric vehicles (EVs) and electricity storage applications. These large-scale applications require an enormous amount of batteries, meaning that battery production capacity will have to be expanded, requiring a huge investment in manufacturing facilities.


    To better meet the demands of automotive applications, we set up the Automotive Energy Supply Corporation (AESC) - a joint venture between NEC and Nissan. AESC was to be responsible for the cell production process and those that followed, while NEC Energy Devices would handle electrode production. Since quality defects in automobiles can lead directly to injury or death, high safety quality standards are essential for batteries and electrodes.


    In this paper, we will introduce the features and results of our large-scale electrode production for EVs.

  


  
    2. LIB Manufacturing Process


    Fig. 1 shows the main flow of manufacture of LIBs.
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        Fig. 1 LIB manufacturing process flow chart.
      

    


    As we mentioned earlier, NEC Energy Devices is an integrated manufacturer of LIBs for applications other than automobiles. For automobile applications, however, we are responsible only for electrode production. Once manufactured, the electrodes are shipped to AESC in Zama, Kanagawa Prefecture or to Nissan plants overseas via AESC, in which case we handle the entire production from cell production to the module pack assembly on site.


    Now, we will describe the configuration of the LIB using the Nissan Leaf EV as an example. Fig. 2 shows the battery mounting of the Nissan Leaf, and Photo shows the external appearance of the cell and module manufactured by AESC.
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        Fig. 2 Battery mounting of the Nissan Leaf.
      

    


    The Leaf's battery pack is comprised of 48 modules in series connection that are composed of four 2-serial/2-parallel cells with 360 V electric voltage and 24 kWh capacity. Thus, one vehicle uses 192 cells.


    The electrodes are important components that compose the cell. They are processed in sheet-like forms and laminated with positive and negative electrodes alternately sandwiched by separators and housed in a laminate case (Fig. 3).


    
      [image: e150226_03.jpg]

      
        Fig. 3 Cell configuration diagram.
      

    

  


  
    3. Electrode Manufacturing Processes


    The first stage of LIB production - the electrode manufacturing step - is comprised of three processes: mixing, coating, and compression. Mixing involves mixing and dispersing the base compound, additive, and binder using an organic solvent. In the coating process, the slurry produced in the mixing process is applied to metal foil. The slurry is applied to both sides of the foil, and the organic solvent is then evaporated and dried in a drying tunnel. In the final process, compression, the coated electrodes are passed through rollers that apply pressure from above and below to increase the density and adhesion of the coating.


    Because the electrode material is processed as a continuous textile in the coating and compression processes, the equipment used has a roll-to-roll design. The compressed rolls are shipped after being packed.


    Electrodes require both positive and negative poles. The manufacturing methods are virtually the same for both - the only difference being the materials used. To make the positive pole, lithium manganese acid is coated on an aluminum foil (an NEC-original method), while the negative pole is made by coating copper foil with graphite.

  


  
    4. Features of Our Electrode Production


    Our electrode production has three major features.


    (1) Large production capacity


    There is still a large divergence between our capacity and the actual requirements of the EV market. We currently have the capacity to produce enough electrodes for 220,000 EVs per year according to our initial schedule (24 kWh per EV). This electrode production capacity is equivalent to about 500 million smartphone batteries (3,000 mAh per smartphone). That means, for example, that our Sagamihara Plant alone is capable of producing nearly half the electrodes used in all the smartphones shipped worldwide in FY 2014.


    (2) Guarantee of automotive quality


    To successfully meet the requirements of an EV battery, the battery must pass a reliability evaluation that extends over long periods of time. It is also essential that the battery's manufacturer has sufficient processing capability to meet detailed specifications. We implement visualization in various manufacturing conditions and assure manufacturing quality in order to prevent the occurrence of defects and shipment of defective products. An IT-based traceability has been set up to facilitate instantaneous data linkage with raw material and manufacturing processes, in the event of an emergency.


    (3) In-house production


    To optimize these features, we work jointly with NEC's MONOZUKURI Innovation Division to improve performance, while also designing key production units ourselves and implementing inhouse production. By adopting our original manufacturing processes with the support of NEC's MONOZUKURI Innovation Division, we have achieved dramatic improvements in QCD (Quality, Cost, Delivery).


    Until recently, there has been a tendency to rely on the intuition and experience of our engineers when producing electrodes, rather than formalizing the quality control process. Visualization of various conditions has been a significant theme for in-house production. Our achievement of visualization has also contributed to an improvement in productivity, as is evident in a 75% reduction of setup time.

  


  
    5. Electrode Production Results


    Fig. 4 shows the cumulative production results for our electrodes. Since the start of mass production in July 2010, there have been no problems related either to quality or delivery dates. As of July 2015, we have achieved cumulative production of approximately 300,000 vehicles when converted into the Nissan Leaf (24 kWh). When the fact that the Nissan Leaf is the world's most marketed EV is taken into consideration, it is also safe to say that we are producing and shipping the world's top class electrodes. Additionally, these figures partially include electrode production for other applications such as hybrid electric vehicles (HEVs) and household storage batteries.
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        Fig. 4 Cumulative electrode production results.
      

    

  


  
    6. Future Tasks


    To enable EVs to further be popularized, it is necessary to solve problems that include shorter range and higher vehicle prices (caused by expensive batteries) than gasoline vehicles. In our LIBs, we have used positive electrodes that use manganese-based materials with higher safety. But to solve these problems, we need to develop a material with even higher energy density and lower cost. Understanding that the changes in basic materials can pretty much affect the manufacturing processes of the electrodes, we need to evolve our electrode production line into one that can achieve high-performance, low-cost batteries, while implementing technological development so that we will be able to continue using the existing production facilities as much as possible.

  


  
    7. Conclusion


    In the future, automakers will release EVs with longer range, significantly expanding the EV market. The market for energy storage systems (ESSs) is also expected to grow dramatically. Expanding sales of EVs and ESSs is the logical result of social solutions for resource and environmental issues as well as assurance of lifelines. The NEC Group is committed to continuing our efforts to help promote the application of LIBs throughout our society, while redoubling our R&D activities to develop safer, higher-performance LIBs.

  


  
    * Leaf is a registered trademark of Nissan Motor Co., Ltd.
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Operating temperature -10 to +40 °C
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Item Spec. Remarks
Rated Capacity 10.0Ah
Nominal Voltage 3.8V
Maximum Charge Standard Charge
4.25V
Voltage Voltage : 4.2V
Minimum Discharge 25V Standard Discharge
Voltage ’ Voltage : 3.0V
Maximum Continuous 10A Temperature :
Charge Current 250
Maximum Continuous 308 Temperature :
Discharge Current 25°C
Temperature :
Cycle Life 1000cycles
25C
Dimensions 150mmx82mmx11.2mm
Mass Approximately 245g
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Spee:

Items
Configuration 1354pP
Width 418mm
Depth 482.6mm
Height 88mm
Weight App.23kg
Energy 40Ah/1.97kWh
Nominal Voltage 50.3V
Operating Voltage 39Vdc — 53.3V
Operating Temperature -20°C — 60C
Max. Charge/Discharge Current 40A
IP Code 1P30
Enclosure Material Sheet Metal
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