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	建議事項
	1、 本次赴美國夏威夷大學自然能源研究所拜訪廖伯彥教授，參觀其負責之電化學電力系統實驗室。該實驗室近六年的兩個主要研究方向─鋰離子電池測試與評估及各種電動和複合動力車輛測試的數據蒐集與分析，與本計畫研發需求密切相關，建議建立密切合作研發關係，藉助其豐富經驗與資源，俾利本計畫關鍵技術之開發。
2、 運用再生能源(如太陽能、風力、海洋溫差等)或燃料電池發電，結合儲電裝置(如鋰離子電池堆)所構成的區域性先進電力系統，為標準之軍民通用科技。而基於能源安全與環保考量其發展亦屬必然。本院具備各相關技術領域專長，建議納入前瞻科技研發項目，持恆聚焦發展。

	處理意見
	1、 已於10月6日計畫工作檢討例會提出本案，討論確認延續98年合作研發成果， 99年合作研究議題，包括：(一) 基於98年電池芯量測數據所建立模式，提供精準之電池電量估測演算法；(二) 電池堆的模式建立，並協助提供電動車輛路試數據蒐集和分析方法。已納入99年細部計畫書，並已通過經濟部細部審查。
2、 CIGS薄膜太陽能電池與儲能系統技術發展均已納入為本院經濟部科專計畫執行項目。
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1、 本案為98年經濟部科技專案「車輛節能創新技術研發三年計畫」計畫出國公差。本計畫由四所負責，跨國計畫韓副總主持人參與計畫研發，負責以卡曼濾波器(Kalman Filter)演算法估測鋰電池堆之電量，被指派赴美國夏威夷大學自然能源研究所參訪並討論合作研究項目。雖係新增計畫，唯透過跨所中心協調與合作，順利完成報部核定作業，於98.09.14如期成行，完成考察任務，值得肯定。
2、 本次出國目的除參訪夏威夷大學自然能源研究所與討論合作議題外，並實地瞭解夏威夷再生能源研發與應用現況，掌握未來發展趨勢。經韓副總主持人面報後，已責成其持續蒐集相關資訊，提供前瞻科技發展規劃參考，並逐步規劃建立太空電子裝備所需獨立自主之太陽能電力產生、不斷電儲電裝置、電力分配與管理等關鍵技術能量。
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關鍵詞：

SOC (State of Charge)；

BMS (Battery Management System)；

HNEI (Hawaii Natural Energy Institute)

內容摘要：

本院自民國98年起執行經濟部科技專案「車輛節能創新技術研發三年計畫」電池能量偵測與管理技術之開發，基於合作研發需求，赴美考察。本次考察主要內容為：
1. 赴美國夏威夷大學夏威夷自然能源研究所參觀其電化學電力系統實驗室，討論可能合作研究議題。

2. 瞭解夏威夷氫能系統發展現況與未來之發展規劃。
3. 赴夏威夷大島與茂依島實地參觀其利用再生能源發電研發與應用現況。
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公差赴美夏威夷大學自然能源研究所(HNEI)參訪與討論「車輛節能創新科專」合作研究
1、 目的

1、 本院自民國98年起執行經濟部科技專案「車輛節能創新技術研發三年計畫」(以下簡稱本計畫)電池能量偵測與管理技術之開發，除系統架構之確認與設計外，電池充電狀態(State of Charge，SOC)的精確估測是電池管理系統(Battery Management Systems，BMS)的關鍵技術。電動汽車在使用過程由於電池電量與工作條件(如負載電流)及操作環境(如溫度)之間所顯現的高度非線性關係，使精確估測SOC為難度頗高之挑戰；其關鍵在於電池動態模式的建立與演算方法。
2、 本計畫規劃自民國99年起以自行開發之電池管理系統執行實車(包括電動摩托車與電動汽車)驗證測試，期獲取路測數據與實驗室模擬數據交互驗證，並由分析路測數據以建立電動車的駕駛行為模式(Driving Schedule and Driving Cycle)，進一步做為實驗室模擬與設計之依據。因此，路試時的數據擷取規劃與後續的數據分析方法為達成前述目的之重要議題，希望藉由專家訪談與後續之合作研究以加速此一能量的發展與建立。
3、 職奉核於9月14日啟程，17日完成任務返國，18日抵台。本次考察主要內容為：
1. 赴美國夏威夷大學 (the University of Hawaii) 夏威夷自然能源研究所 (Hawaii Natural Energy Institute (HNEI)) 拜訪廖伯彥(Bor Yann Liaw)教授，參觀其電化學電力系統實驗室(EPSL) ，討論99年合作研究議題，包括電池電量估測與電動車路測之數據擷取與分析。
2. 拜訪夏威夷氫能電力示範園區計畫專案經理Mitch Ewan先生，瞭解夏威夷氫能系統發展現況與未來之發展規劃。赴大島參觀夏威夷自然能源實驗室(NELHA)閘道計畫示範展示。
3. 赴茂依島(Maui)參觀茂依電力公司(MECO)，瞭解其利用再生能源發電研發與應用現況。
2、 過程
1、 職9月14日08：00抵達夏威夷，於夏威夷機場與廖伯彥教授會合後，逕赴位於檀香山市區廖教授與夏威夷先進交通運輸技術中心(HCATT)合作設立的電動車(Electric Vehicle；EV)和複合動力汽車(Hybrid Electric Vehicle；HEV)評估測試及先進電池系統試驗研究計畫實驗室，該項研究計畫並長期接受美國空軍先進電源技術辦公室(Advanced Power Technology Office；APTO)的資助與委託合作。目前主要研究方向為：(一) 鋰離子電池測試和評估；(二) 各種電動和複合動力車輛測試的數據蒐集和分析，其中亦包括質子交換膜燃料電池複合動力汽車。
2、 9月14日11：00抵達夏威夷大學夏威夷自然能源研究所(HNEI)拜會夏威夷氫能電力示範園區計畫專案經理Mitch Ewan先生，說明氫能電力示範園區的規劃、執行現況與未來發展。因夏威夷距離美國大陸達2,400浬，又不自產石油，其能源供應90%以上依賴進口石油，為美國各州之冠。夏威夷州政府於2009年6月宣示期於2030年達成其電力產生70%來自再生能源(如風力、太陽能、地熱、生質能等)的目標，在這樣的政策目標下，夏威夷自然能源研究所結合夏威夷先進交通運輸技術中心與民間創投(Kolohala Holdings與 Hawaii Angels)成立氫能系統發展計畫，並藉由示範園區向政府與民間(含來自各地的觀光客)展示其效能。Ewan先生提供夏威夷再生氫能計畫(Hawaii Renewable Hydrogen Program)簡報如附件一。
3、 9月14日14：00於廖伯彥教授研究室討論本計畫99年度規劃合作研究項目，包括電池電量估測演算法、電動車路試數據擷取規劃與分析方法。會後並參觀其電化學電力系統實驗室設備，包括：電池測試站台(Arbin Instruments BT-2043 8-channel galvanostat/potentiostat computer-controlled battery test station)、電化學阻抗頻譜儀(Electrochemical impedance spectroscopy)、精準電源與量測單元、真空手套箱等，所有儀器均以電腦及網路連結，可透過線上接取資料與即時控制。廖教授個人簡歷與電化學電力系統實驗室之設備能量如附件二。
4、 9月15日08：37搭機前往大島。首先赴夏威夷自然能源實驗室(NELHA)參觀，由執行長Ronald N. Baird接待。實驗室佔地322英畝，就在大島的Kona機場旁邊，其主要資源為土地與政府投資建設的深層海水(海面下3,000英呎攝氏6度的深冷海水)供應系統。感覺實驗室營運主軸比較像育成中心，利用其資源吸引民間的商業(以投資生產為主，如海水養殖、高冷蔬果種植)、研發(海洋溫差發電、聚光型太陽能發電、風力發電)與教育訓練團隊進駐。實驗室編制包括管理人員8人，操作人員11人，為非營利法人組織。進入園區參觀須簽署保密協議(NDA)，同時不准照相。Baird先生親自驅車帶職與廖教授參觀園區部分廠商的養殖廠與深層海水輸送設施。14：00參觀園區進駐廠商Sopogy公司，該公司佔地4英畝，正在興建聚光型太陽能發電系統並進行測試，容量500KW，預計年底完工。
5、 9月16日06：43自大島搭機飛檀香山後轉往茂依島。首先赴夏威夷大學在茂依島的校區拜會校區負責人Harold Keyser博士，介紹該島電力現況與未來以風力發電為主的再生能源發展。為達成70%清淨能源發電的目標，歐胡島(檀香山所在)因人口稠密，可用土地不足，規劃布建海底電纜輸送茂依島的風力發電以補不足。接著參觀鄰近校區的太平洋生質柴油公司，該公司創立超過10年，專注生質柴油開發生產，擁有獨到的無水製程(Water-free Processing Technology)，可協助建廠生產生質柴油，提供區域販售。下午赴茂依電力公司(MECO)再生能源服務部拜訪，瞭解其對再生能源發電、輸配電與儲能規劃，其中尤以區域與社區儲能設施(Energy Storage Utilities)議題最受關注，尋求與學研單位合作。19：55搭機返檀香山，結束此次考察行程。
參、心得
1、 美國夏威夷大學(the University of Hawaii)夏威夷自然能源研究所(Hawaii Natural Energy Institute(HNEI))電化學電力系統實驗室(EPSL)過去六年來一直在夏威夷先進交通運輸技術中心(HCATT)和美國空軍高級電源技術辦公室(APTO)的資助與合作下，從事電動和複合動力汽車評估測試及先進電池系統測試驗證研究計畫。由於鋰離子電池和燃料電池在電動和複合動力汽車應用上的巨大潛力與吸引力，目前在HCATT和APTO計畫下，該實驗室參與的兩個主要研究方向為：(一)鋰離子電池測試和評估；(二)各種電動和複合動力車輛測試的數據蒐集與分析，其中包括質子交換膜燃料電池複合動力汽車。
由廖伯彥教授負責的EPSL還與美國專家微系統公司(Expert Microsystems， Orangevale，CA)共同開發電池分析技術，以利電池診斷模型及診斷工具預測的應用開發。並已執行完成美國海軍STTR第一階段的研究，完成電池模型以及電池性能及剩餘壽命的預測工具箱設計。其建立之核心技術為：電勢微分電容量分析(Incremental Capacity Analysis；ICA) 和 電池電量 (State of Charge；SOC) 估測法則，用以確定電容量損失和失效模式，以便準確估計電池性能及預測剩餘壽命。此亦為本計畫研發項目的關鍵技術之一。此外，該實驗室也一直與位於德克薩斯州聖安東尼奧的美國西南研究所(Southwest Research Institute)合作，建立電池模型(包括鉛酸，鎳氫，鋰離子電池和超級電容器)，以利為美國國防部開發複合動力汽車模擬平台。
專注與持恆的研發，夏威夷州政府與美國國防部的支持，厚實了該實驗室在各類二次電池包括測試與評估，模式建立，先進電池電力系統開發及應用等領域的研發能量與成果累積(特別是其電池與電動及複合動力汽車測試數據庫)。由於電池的測試項目多且相當費時，這不是其他研發單位可以後發先至而迎頭趕上的。
夏威夷因距離美國大陸達2,400浬，又不自產石油，其能源供應90%以上依賴進口石油，為美國各州之冠。基於能源安全與環保的考量，夏威夷州政府於2009年6月宣示：期於2030年達成其電力產生70%來自再生能源(如風力、太陽能、地熱、生質能等)的嚴峻目標。在這樣的政策目標下，其產官學研各界都投入資源為此目標努力，這點在本次參訪的夏威夷大學自然能源研究所(HNEI)、夏威夷自然能源實驗室(NELHA)，進駐NELHA園區的廠商Sopogy公司、茂依電力公司(MECO)再生能源服務部等都可明顯看出。其中電力公司以提供服務為主，對再生能源的開發與應用相當程度必須仰賴學校及民間公司的研發團隊。再生能源研發成果與示範應用的展示與夏威夷觀光景點的整合則是夏威夷州推動再生能源計畫的另一特點。

2、 肆、建議事項
1、 本次赴美國夏威夷大學自然能源研究所拜訪廖伯彥教授，參觀其負責之電化學電力系統實驗室。該實驗室近六年的兩個主要研究方向─鋰離子電池測試與評估及各種電動和複合動力車輛測試的數據蒐集與分析，與本計畫研發需求密切相關，建議建立密切合作研發關係，藉助其豐富經驗與資源，俾利本計畫關鍵技術之開發。
2、 運用再生能源(如太陽能、風力、海洋溫差等)或燃料電池發電，結合儲電裝置(如鋰離子電池堆)所構成的區域性先進電力系統，為標準之軍民通用科技。而基於能源安全與環保考量其發展亦屬必然。本院具備各相關技術領域專長，建議納入前瞻科技研發項目，持恆聚焦發展。
附件一 夏威夷再生氫能計畫(THE HAWAII RENEWABLE Hydrogen PROGRAM, by M. Ewan
, R. Rocheleau1) 
1. Introduction

With over 90% of its energy system fueled by imported fossil fuels (Figure 1), isolated by over 2,400 miles of ocean from the nearest land mass, and with the highest energy costs in the nation (Figure 2), there is compelling motivation for Hawaii to harness its diverse renewable energy resources (Figure 3) to achieve energy self-sufficiency.  Evolving towards a hydrogen economy is one of the potential paths to achieving that goal.  Arguably, Hawaii has, of all the states, the nearest-term potential to evolve towards a renewable hydrogen economy. Hawaii’s political leadership is critically concerned with Hawaii's energy situation and has developed supportive policies, backed by funding, to advance a hydrogen economy.  The initial focus of this effort is the Big Island that has significant wind, solar and geothermal resources. 
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Figure 1: Petroleum dependence for electricity – top six states
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Figure 2: Hawaii - Highest Energy Costs in the U.S.
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Figure 3: Hawaii Renewables Estimated at 150% of Current Installed Capacity
This paper describes the current status of the Hawaii Renewable Hydrogen Program, the development of a Hawaii Renewable Hydrogen Program Plan by Kolohala Holdings LLP and the Hawaii Natural Energy Institute (HNEI), and the first major project that has received cost-share funding - a fueling station to support a hydrogen fueled Plug-in Hybrid Electric Vehicle (PHEV) shuttle bus project at Hawaii Volcanoes National Park (HAVO), Hawaii’s largest tourist attraction with over 2 million visitors per year.  

2. 
The Hawaii Renewable Hydrogen Program

Act 240, passed in 2006 by the Hawaii State legislature, established the Hawaii Renewable Hydrogen Program within the Department of Business, Economic Development and Tourism (DBEDT) to support the increased use of Hawaii’s indigenous renewable energy resources using hydrogen as an energy carrier. Act 240 also appropriated $10 million for a hydrogen investment capital special fund for program development and investment. It is intended that the fund will be deployed to:

· Develop a world-class renewable hydrogen program in Hawaii;

· Provide cost share for projects that will attract a significant amount of federal and private research and development activity to Hawaii; 
· Provide seed capital and investment capital for emerging Hawaii-based advanced energy technologies and technology companies; 

· Build hydrogen infrastructure on the Big Island of Hawaii; and

· Leverage over $100 million in additional sources of capital.
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Figure 4: Hawaii Renewable Hydrogen Program Consortium
A consortium (Figure 4) lead by Kolohala Holdings LLP, a Hawaii-based early stage venture capital firm, was selected to manage the fund.  Other members of the consortium include HNEI, the Hawaii Center for Advanced Transportation Technologies (HCATT), and the Hawaii Angels, a local angel financing investment group.  Kolohala is responsible for strategic oversight, conducting hydrogen industry benchmark and market gap assessments, the identification of market needs, companies to target for fund investments, and the investment fund’s exit strategy implementation.  HNEI is responsible for developing an overall state hydrogen program development plan, the technical evaluation of proposed investments, hydrogen infrastructure project management, and attracting cost share projects to the state.

Kolohala’s fund management strategy includes to multiply state funds by combining cost share and seed/venture investments.  Investment allocations are planned as follows:

· Cost Share: $100,000 - $1 million per project for infrastructure or pre-commercial validation, and federal or private sources.

· Seed: $25,000 - $500,000 per idea to test or develop an idea taking it from bench scale to pilot plant scale.

· Venture: $500,000 to $2.5 million per company to grow the company from pilot scale to commercial scale.

Kolohala Holdings will help the portfolio company to achieve liquidity.  Some methods include:
· Acquisition:  Portfolio company purchased by a national firm;
· Initial Public Offering:  A company could offer its shares to the general public; and 

· Distribution:  A company with positive cash flow can distribute free cash back to its investors.
Program Investment Focus
As illustrated in Figure 5, an integrated renewable hydrogen system is comprised of renewable energy resources, conversion technologies to produce hydrogen, storage and distribution technologies and infrastructure, and finally the end-use conversion technologies that use the hydrogen fuel to provide an energy service such as transportation.  While the Hawaii Renewable Hydrogen Program legislation calls for activities to take place in all of these areas, the available resources are finite and so there must be a prioritized program that allocates resources to developing the overall Hawaii hydrogen energy system in areas that focus on Hawaii’s specific needs and unique resources.  These are likely to be in the development of Hawaii’s renewable energy sources and the related conversion technologies that provide a pathway to producing hydrogen rather than the end-use applications technologies that are likely to be developed elsewhere.
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Figure 5:  Hydrogen Energy System
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Figure 6: Program Timeline

The hydrogen investment capital special fund will span 10 years (Figure 6) with the investment activity taking place in years 1 through 4.  The “Program” timeline element refers to the development of a near-term (2007-2010) State of Hawaii Program Plan, and a longer-term plan for the period 2010 to 2020.  The plans shall address the following:
1. Strategic partnerships;

2. Engineering and economic evaluation;
3. Grid reliability;
4. Hydrogen demonstration projects;
5. Public education; and
6. The promotion of Hawaii’s renewable hydrogen resources to potential partners and investors.
The plan shall include considerations of:

1. Expanded installation of hydrogen production facilities;

2. Development of integrated energy systems including hydrogen vehicles; 

3. Construction of additional hydrogen refueling stations; and
4. Promotion of building design and construction that fully incorporates clean energy assets, including reliance on hydrogen-fueled energy generation.
3.
Hawaii Hydrogen Power Park at Hawaii Volcanoes National Park

The Hawaii Hydrogen Power Park at Hawaii Volcanoes National Park (HAVO), the first cost share project to be funded under the Hawaii Renewable Hydrogen Program, was initiated in 2002 in support of US DOE’s Technology Validation Program, to conduct engineering and economic validation of pre-commercial hydrogen technologies.  Due to lack of funds the program was put on hold for a number of years.  In 2008 DOE reestablished funding for this program and cost share became available through the hydrogen fund.  Power Park is funded by the US DOE through Hawaii's Department of Business, Economic Development and Tourism’s Strategic Industries Division (DBEDT) as part of the State Energy Partnership Program. HNEI serves as the implementing partner and is managing development and operation of Power Park activities.

The US DOE and the State of Hawaii have committed $1.2 million each for the development of hydrogen fueling infrastructure at HAVO under the Power Park program. This effort includes hydrogen production utilizing renewable electricity, compression, storage, delivery, and dispensing to hydrogen vehicles. Separately, HAVO has proposed to acquire from 2 to 5 battery-dominant fuel cell hybrid plug-in shuttle buses.  These vehicles are expected to reduce congestion at the park, to provide a better (quieter and cleaner) visitor experience, and to support the National Park Service “Climate Friendly Parks” program to reduce HAVO’s carbon footprint. The Hawaii Center for Advanced Transportation Technologies (HCATT), which currently manages a hydrogen fueling station for the US Air Force at Hickam Air Force Base on Oahu, has converted several vehicles for fuel cell use and has been identified by HAVO to manage the vehicle conversion effort.  It is planned to use the hydrogen infrastructure developed under Power Park to support HAVO’s hydrogen fueling requirements.  
Hydrogen Supply

Hydrogen will be produced by an electrolyzer system powered by renewable electricity supplied from the Hawaii Electric Light Company (HELCO) at special research rate which has been applied for with the Hawaii Public Utilities Commission. Renewable electricity available on the island of Hawaii include geothermal power supplied from the Puna Geothermal Ventures plant which is located about 20 miles from HAVO.  Power from this facility is currently curtailed during the night and could be a potential source of renewable energy for future expansion of the Power Park.  The fueling station is to be supplied on a “turn-key” basis including hydrogen production, compression, storage, and dispensing.  An RFP for supply of the system was released in March 2009 with a desired operational date of November/December 2009.
The fueling station will be located inside the park at the Kilauea Military Camp (KMC), an Army recreational facility (DOD) that already operates an existing fleet of shuttle buses for its military visitors.  
Hydrogen Vehicles

Two vehicles will be provided by the Department of Transportation and the Department of Interior ($1 million) under Advanced Transportation for Parks and Public Lands program.  The options for the supply of the vehicles include the originally planned option of converting existing internal combustion engine shuttle buses to a PHEV configuration utilizing a fuel cell as an auxiliary power range extender, and more recently, investigating the acquisition of an off-the-shelf purpose-built bus such as the Proterra fuel cell PHEV.  While the latter option is attractive, it will require additional funding.
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Figure 7: Proterra Bus Option

Shuttle Bus Operations

The buses will be used on a variety of routes inside HAVO to test operations on different grades, elevations, climatic, and atmospheric conditions.  Figure 8 illustrates the first two planned routes. The Crater Rim Drive route is 10 miles long and is over relatively gentle terrain at an elevation of 4,000 feet.
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Figure 8: Shuttle Bus Preliminary Routes

The buses will be able to complete their planned daily operations under battery power but will be able to extend their operational time using the fuel cell generator.  On the other hand, the trip to the eruption site will be challenging going from the 4,000 foot level to sea level over a range of 18 miles with some significant grades.  While the trip downhill will be relatively easy and utilize regenerative braking, the return trip will definitely require the additional power from the fuel cell system.  Discussions have been initiated regarding development of a PV powered recharge station at the bottom of Chain of Craters road. 

One added challenge will be operating the system in high sulfur dioxide (SO2) contaminant levels as a result of the continuing emissions of volcanic gases from the volcano.  The project will measure the effects of SO2 concentrates on fuel cell performance in real-world operational environments.  Additional funding is being sought to develop an air filtration system to filter out the SO2 to an acceptable level.  This ties in with work being currently being conducted by HNEI at the Hawaii Fuel Cell Test Facility to characterize the effect of air contaminants of fuel cell performance and durability.  This effort is currently funded by the Office of Naval Research.

Finally, the project will collaborate with existing data analysis groups to compare data and share the results with other groups including the State of Hawaii, US DOE, National Park Service, the Federal Transportation Agency, and the Department of Defense.  

4. Conclusions

The State of Hawaii has developed a robust and well-funded effort to take the early steps of evolving to a hydrogen economy utilizing its considerable indigenous renewable energy resources.  With a population of approximately 1.25 million people, the $10 million Hydrogen Investment Capital Fund represents a significant investment when regarded on a per capita basis.  The first project has been launched and it promises to be a cornerstone to leverage this initial infrastructure investment for development of other useful projects.   The program is currently seeking high quality projects that meet its funding criteria and welcomes the opportunity to discuss mutually beneficial collaborations with private and public groups.  
附件二 廖伯彥教授個人簡歷與電化學電力系統實驗室之設備能量
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Electrochemical Power Systems Lab
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Dr. Bor Yann Liaw directs the Electrochemical Power Systems Laboratory (EPSL) at the Hawaii Natural Energy Institute of the University of Hawaii. The researchers in the laboratory have been engaging in battery and fuel cell research since 1989. The group's research activities are focused on solid-state ionics and electrochemistry. The group's strength is the ability to integrate knowledge from fundamental study of thermodynamic and kinetic properties of electrode materials used in advanced batteries, ultracapacitors and fuel cells, and effectively utilizing instrumentation together with computer simulation and modeling to facilitate research and development of electrochemical power systems for energy storage and conversion applications. 

Facilities of EPSL are located at two major areas, one on the UH Manoa campus and another near downtown Honolulu. 

UH R&D Facility: The EPSL research facility on the UH Manoa campus is located in the Hawaii Institute of Geophysics (HIG) building and equipped with an array of sophisticated electrochemical testing equipment, including: 

· An Arbin Instruments BT-2043 8-channel galvanostat/potentiostat computer-controlled battery test station. Four low-current channels are capable of delivering from 1 mA to 2 ADC and from -2 to 20 VDC per channel for high-accuracy low-capacity cell characterization. Four high-current channels can deliver up to 20 ADC per channel for high-capacity module tests. Each channel also comes with high precision temperature and pressure sensors for monitoring the cell thermal and gas evolution/recombination behaviors. 

· Electrochemical impedance spectroscopy using a Solartron 1260 impedance analyzer and 1287 electrochemical interface combination. This piece of equipment can be used to conduct electrochemical impedance spectroscopic study of cell kinetics and degradation. The useful frequency range is from 1 MHz to 10 µHz. The 1287 unit has 2 ADC maximum current capability and can act as a stand alone potentiostat or galvanostat for various electrochemical measurements. 

· Keithley 236 and 238 Source and Measuring units, which can provide accurate current or voltage sources and conduct high quality precise measurements of corresponding electrical response. Accuracy of the current can go down to 10 fA, and 10 µV for voltage. The 238 unit can handle current as high as 1 A. 

· A Vacuum Atmosphere glove box station filled with argon to handle air-sensitive materials and cell assembly. Electrical and electronic feedthroughs are installed to provide access to cells in the glove box for electrochemical measurements.
·  An assortment of furnaces, including a high temperature Micropyretics Heaters International silicon carbide unit that can operate up to 1,700 
°C, to process electrode or solid electrolyte materials and for cell testing. The facility is also equipped with gas lines and mass flow controllers for gas mixing and supplying for fuel cell testing.
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· Other high voltage and current DC power supplies from HP and Sorensen for high power electrochemical measurements. 

· All instrumentation is computerized and networked with high bandwidth for on-line access and real-time control. The facility is also connected with the downtown EV test facility (described below) using a wide area network for real-time on-line access and test control. 

Downtown Honolulu EV Test Facility: The EPSL also has access to an industrial type electric vehicle test facility near downtown Honolulu. The Hawaii Electric Vehicle Demonstration Project (HEVDP) EV Test Facility is located at 531 Cooke Street, in Kakaako, very close to downtown Honolulu and Waikiki. The facility occupies about 18,000 square feet of floor space and is equipped with state-of-the-art tools and test equipment for vehicle assembly, repair, and maintenance; for parts inventory; for testing electrochemical power source systems; and for rapid recharging electric vehicles. 

The major pieces of equipment include: 

· Two AeroVironment ABC-150 battery cyclers, rated at 120 kW, and capable of handling battery pack testing up to 470 VDC and 530 ADC. The battery cyclers are computer controlled to allow automated tests of battery packs with a SmartGuard data acquisition system which can collect sophisticated test data with detailed information including individual cell voltage and temperature. Additional data acquisition capabilities are also available. The cyclers are operated using the Remote Operation System application on NT 4 workstations that support NIDAQ interface built by National Instruments. This unique capability allows the use of NIDAQ data acquisition boards with excellent flexibility for sophisticated tests and data acquisition. The capability of the cyclers meets any advanced stringent test requirements including complex driving cycle tests, such as the Federal Urban Driving Schedule (FUDS). 
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· A Mustang MD-250-l/BI chassis dynamometer, rated at 300 horsepower continuous and 500 horsepower peak. The dynamometer is computerized for automated vehicle testing and data collection. It can perform various types of dynamic tests, including FUDS cycle or other standard driving schedules defined by EPA, SAE or vehicle manufacturers. The wide roller base can accommodate vehicles up to a full-size 40-ft transit bus.
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· A 28 foot x 8 foot environmental chamber with temperature control down to -10 C (14 F). The chamber is capable of testing a typical mid-sized vehicle in a controlled temperature environment to facilitate on-board battery pack testing. Up to four full-sized battery packs can be tested in the chamber simultaneously. A high bandwidth Ethernet connection is also available for high-speed data acquisition. The chamber is equipped with a flammable gas sensor, which constantly monitors the gas composition in the ambient. If the flammable gas composition exceeds a safety limit, the tests will be automatically shut down to prevent any possible disastrous consequence. 

· Various conductive or inductive charging stations, including 60 kW PosiCharge (AeroVironment), for rapid charging vehicles. 
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· The facility also has four fully-equipped vehicle-assembly bays, a machine shop, a battery/parts inventory storage area, offices and conference rooms. 

敬會：保防官
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