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摘要
亞太糧肥技術中心（以下簡稱FFTC）與泰國農業大學（Kasetsart University，以下簡稱KU）合作，於2014年10月28日-11月1日，在泰國曼谷舉辦「生物燃料與生物資源」國際研討會，以期瞭解目前亞洲各國生質能源發展現況，加強各國經驗交流，改善現有問題，規劃未來發展，落實生質能源永續發展的可能。會議在泰國曼谷的Kasetsart University 舉行，會中邀請9個國家17名講員（印尼、馬來西亞、日本、韓國、菲律賓、中華民國、泰國、越南、德國）以及FFTC、KU人 員共60人參加。共有2篇專題演講及7篇報告。10月31日安排參訪小型生質發電廠。
筆者為本次研討會的邀請講者之一，報告目前台糖公司在生質酒精上的研究及發展。本報告詳細記錄聽取各項演講以及參與相關討論後之心得，最後提出以下建議：

1. 臺灣和與會的一些亞洲國家一樣，缺乏天然的化石能源。但與其他各國相比，臺灣欠缺積極發展生質能源的決心。為能讓生質能源永續發展，需要讓臺灣更多人瞭解發展生質能的重要性，這有待政府及民間共同努力。

2. 為避免快速發展生質能可能導致的糧食爭議或後續廢棄物處理問題，在規劃建廠的同時需要更多專業的投入。
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一、前言
本次會議由亞太糧肥技術中心（Food & Fertilizer Technology Center for the Asian and Pacific Region,以下簡稱FFTC)與泰國農業大學（Kasetsart University）共同舉辦「生物燃料與生物資源」國際研討會，邀請全球學者專家針對如何兼顧糧食安全與生質能源的發展，從種植面、生產面及銷售面提出最精闢的看法。
二、行程及工作摘要
	日期
	行程
	工作摘要

	103.10.28
	台南→高雄→曼谷 蘇凡納布機場→曼谷拉瑪花園飯店（Grand Hall Rama Garden Hotel ）
	去程暨開幕儀式

	103.10.29-30
	泰國農業大學國際會議廳（Vachiranusorn building, Fac. Of Agriculture, Kasetsart University）
	研討會

	103.10.31
	大城府（Phra Nakhon Si Ayutthaya）
	參訪生質能源電廠（Power Prospect Co.Ltd., Ayuthaya province）

	103.11.1
	曼谷→ 蘇凡納布機場→桃園機場→台南
	返程


註：詳細研討會行程請參考附錄1

三、會議內容摘要
(一)、研討會部份

本次會議邀請澳洲生質能源協會（World Bioenergy Association）代表Dr. Heinz Kopertz 及日本島根大學Koichiro Koike教授發表專題演講，其他各國專家的講題則可分為四大區塊，分別是生質酒精、生質柴油、生質沼氣、生物精煉。以下針對兩位專題演講及各大區塊的內容簡摘如下：
1. Dr. Heinz Kopertz- 全球生質燃料於運輸方面的應用發展 (Global developments of biofuels for transport)
「雖然生質燃料在21世紀初期非常快速的發展，但這股熱潮在歐洲及巴西等地卻有漸漸退燒的跡象，但在亞洲及非洲等地區，生產的技術能量卻有與日俱增的跡象，第一代的生質燃料常伴隨著蛋白質等衍生產品，可作為其他(如飼料添加)的應用，在未來能源安全與氣候變遷等因素下，預估到2035年為止，生質燃料市場會有10-20 %的成長。在此結論下，全球仍有足夠的土地同時供應給生質燃料及糧食，前提在於如何合理的使用、規劃。」
2. Koichiro教授- 東協各國的生質能市場規劃 (Bioenergy, strategy for diverse markets in ASEAN countries.)
「自1979年石油危機爆發後迄今，歐洲各國已成功的開發生質能源的應用。然而，生質能在東南亞等地，尚處於發展中的狀態，以自然條件及經濟型態而言，東協各國非常適合種植生質能源作物，除了以「熱」的型態(直接燃燒)作為能源利用以外，未來由生質能源轉變至生物精煉將是必然發展的趨勢。」

除了兩位研究學者的專題演講以外，其餘來自各國的專題報告，共可分為以下4個部分：
(1).生質酒精

生質酒精在生質能源的領域中，不管是轉化效益或者對環境的衝擊，都是在各種技術當中極具優勢的選擇之一。生質酒精的料源很廣，不管是第一代的糖質或澱粉作物，或是第二代的纖維酒精，都已經發展出技術純熟、效能穩定的產業，未來的發展應該著重在降低生產成本及料源選項多樣化的探討。
(2).生質柴油
生質柴油不但可以從含油作物提煉純化，也可以自藻類提取，來自日本筑波大學的Tanabe教授的研究團隊發現，叢粒藻(Botryococcus braunii)內可自行合成大量的碳氫化合物，此類的產物經過萃取分餾後，可直接作為液態燃油或工業的原料(80 %相當於石化燃料的重油，20 %為植物油的成分)，極具商業價值，然而，藻類的大量生產成本來自培養基的支出，為有效降低生產成本，Tanabe教授團隊嘗試以仙台廢水處理場的廢水養殖叢粒藻，期許總製程達到經濟規模，未來可做為替代能源的選項。

再以馬來西亞為例，該國以含油作物作為主力，生產生質柴油，除了生產製程持續穩定改善以外，背後更有政府積極推動生質柴油的進階應用，B5、B7、B10、B20添加的制定都有時間及政策配合。另外，除生質能源的直接應用，政府更訂定2015-2020年走向生質化學，擴展生質能源的應用目標。
(3).生質沼氣

藉由生質沼氣在德國應用成功的經驗，希望可以提供泰國或其他亞洲國家作為發展生質沼氣的依據，Krieg & Fisher公司的總裁Torsten Fisher指出，無論在哪個國家設立完整的生質沼氣應用工廠，都是藉由各個單元的整合才能發揮最大效益，不可能單憑一間公司的規劃就可以發揮效用，而且並非導入德國的成功經驗就可以適用在所有的國家，每個工廠甚至每個國家，無論是自然條件如天候、環境，或者人為因素如政策、民情，世界風情大不同，要能成功的建立當地的生質能源產業，一定需要各方專業的配合。
(4).生物精煉（Biorefinery）

生質能源除了可以直接作為燃料使用以外，產業界亦注意到生質特用化學品量產的可能性，以德國為例，木材除了應用在能源的生產以外，工業界開始注意到生質能源跟傳統塑化原料間可能合作的空間，譬如一種同時具有混合木材與塑膠的材質的「Wood plastic」註2，或者生質酒精後續塑化原料的生產，都是值得關注的方向。
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圖一、各國演講者合影
(二)、參訪生質發電廠（ Power Prospect Co.Ltd., Ayuthaya province）

由大會安排參訪位於曼谷北方大城府 (Ayuthaya province)的一座小型生質電廠，該廠成立於2004年11月23日，由於大城府是全泰國最大的產米區，所以可以取得大量的稻殼、稻稈作為原料，其他如玉米穗軸、油棕廢棄物等也可作為替代原料，該廠產能可達9.9 MW/天。所有的農作廢棄物藉由卡車運輸到場內，藉由鍋爐汽電共生場作用，所產生的電力主要作為周圍居民民生用電。空汙防治部分則是利用濾袋集塵技術減少汙染物的排放，全場製程最終尚有180℃的熱蒸汽供場內再利用。全場技術（含設備）均與東洋電機（Toyo Denki）合作，所產生的電力再售回泰國省電力局（PEA）。
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	圖二、料源儲存倉庫
	圖三、料源（稻殼、稻稈、玉米穗軸混合物）
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	圖四、原料輸送帶
	圖五、鍋爐
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	圖六、機房
	圖六、集塵設備
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	圖七、未來料源探討（Nepia grass）
	圖八、參訪人員合影


四、心得
本次會議集結亞洲各國專家學者，針對生質能源發展過程中可能遭遇到的問題，彼此交流意見，以下針對與各國專家交換意見的心得整理：

1. 即使應用相同的生質能源技術，在不同的國家仍有不同的問題與挑戰，以藻類生產為例，日本筑波大學團隊研究成果卓越顯著，所選育的藻株可育成大量生質柴油，也已經嘗試在戶外以開放式池塘並以仙台汙水處理廠的廢水作為培養基使用，期望降低生產成本達到經濟效益，此經驗在日本可行，卻被菲律賓及泰國的業者質疑在東南亞國家是否可行？原因在於東南亞天氣炎熱潮濕，戶外蚊蟲非常多，他們認為若無法改善蚊蟲問題，藻類廢水戶外培養根本無法在東南亞國家施行。

2. 筆者此行主要介紹過去台糖公司利用甘蔗作為生質料源發展生質酒精的經驗分享，現場來自印度、菲律賓、泰國的人員會後都進一步詢問更多資訊，因為在他們當地也有種植甘蔗經驗，但是他們都非常想了解在不同區域、不同品種的培養模式，會與他們現有經驗差異多少？
3. 會議中除了料源直接轉化能源的技術被廣泛討論以外，作物的栽培技術也是議題之一，印尼的Naalim教授提及，甘蔗種植會有螟害的問題，他們採用黃蜂(wasp)及線蟲(Steinernema carpocapsae)做防治，目前在廣西有合作計畫，藉由線蟲在地面下作業、黃蜂在地面上消滅，減少螟蟲對作物的災害，利用天敵概念降低甘蔗的病蟲害問題，減少化學藥劑的使用量。
4. 東南亞國家如泰國、印尼、菲律賓等國家，由於國內經濟仍以農業為主，所以在第2代生質料源的取得問題會比臺灣小，以Ayuthaya 的生質發電廠為例，該廠目前有4種料源可供交替使用，料源主要是收購自廠區周圍，以卡車運送，目前料源收購成本為每公噸1500-1600元，每台卡車載重量約為30噸。即便有多種料源可替換，但仍有料源收集、儲存的隱憂存在，為了避免影響現有製程及供電模式，廠區對於料源處理的規劃一直持續在改善，為避免原物料不足的窘境。該廠原物料儲存的倉庫需有7天的儲存空間及相對應的處理工具，以應付製程中所有的變化，同時嘗試培養替代料源如象草（Nepia grass）等快速生長的作物，評估是否可以降低生產成本。除了料源短缺以外，也可能出現料源過剩的現象，為提升料源的利用價值，該廠與日本技術合作，將剩餘材料經由擠壓造粒的方式做成燃料棒(圖九)，不但可以自用，未來甚至可以出口，提升產品價值。台糖公司有許多平地造林的土地或有機碾米廠，若思考建立類似技術，將落葉或稻殼做類似應用，應可有效提升產品價值、增加營收。
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圖九、稻殼製成的燃料棒
五、結論與建議
本次的行程獲益甚多，藉由研討會的參與及現場的參觀得到以下結論：

1. 經由本次研討會，瞭解亞太地區各國的生質能源技術發展的狀況。

2. 藉由現場參觀及與不同領域的業界先進的討論，瞭解生質能源工廠商轉過程中須考量的方向及製程中可能面臨的問題。

建議：

臺灣和與會的一些亞洲國家一樣，均缺乏天然的化石能源。但與其他各國相比，臺灣欠缺積極發展生質能源的決心。為能讓生質能源永續發展，需要讓臺灣更多人瞭解發展生質能的重要性，這有待政府及民間共同努力。但是，為避免快速發展生質能可能導致的糧食爭議或後續廢棄物處理問題，在規劃建廠的同時需要更多專業的投入。
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‘Artval of the paricpants (nationaland inernational]
‘Offcial regitration of the international partcipants (st Bama Garden Hotel)
3/5 Vibhavadi Rangsit Road, Laksi, Bangkok, Thaland

25" October 2018
0800-0830 | Registration of ntermational participants and local observers
0830-09:00 | Offcial opening ceremony with welcome address
Moderator: 2
President o Kasetsart Universiy, Thailand; Assoc Prof Vuckechi Kapilakanchana
'Dean, Facultyof Agriculture, Kasetsae Universiy; Assist Prof D Sutkhet Nakasathien
"Deputy DirectorDr. Takashi Nagai, Food and Fertilzer Technology Center
0900-05:15 | Formal ntroduction of the national and internationsl imvited spesker
0915-0925 | Group Photo
Keynote specch | Global developments of biotueis for transport
0925-10:10 | Prof.Dr. Heinz Kopets; World Bioenergy Associaton, Austria
10:10-2025 | coffes reak
Plenarysession 1 | Overview of Scence Technology and Future Perspective of Biofuel
Moderstor: Assoc Pof. Kianarong Sriroth
10251100 [ The RED of microalgae-based biofuel production at Universty of Tsukuba
Dr. Yuuhiko Tanabe; Uiversity of Tsukuna, lapan
11:00-1135 [ From Sugarcane to Boethancl- Feedstock management
Ms. Pei.Chen Cho; Taiwan Sugar Research Insttute
. incering of recombinant Saccharomyces erevisiae fo bioethan| from
p3s.1210 | Eneineering. producton:
Prof.DrYong-Cheol Park; Kokmin Universy, Seou, Korea
12:10-1300 [ Lunch Break
Plenarysession? | Science Technology,Innovative, and Policy Development of Bio-diesel
Moderstor:Assoc Pof.Dr. Ed Sarobol
1300.1335 | Challenges to Keep Indonesian Food, Water and Biodiversity Sustained: rom
Bioenergy Development Point of View
Dr Ariafril Naalim; Srwiya Universiy, Indonesia
13351010 | Pevelopment of Bomas and Biofuels Sector in Malaysa forEconomic and
‘Environmental Sustainabilty: ‘Malaysian Biomass Industry Action Plan 2020
M. Tang Kok Mun; Malaysian Bomass Industry Confederation
16:10-1630 | coffes reak
Plenarysession3 | Future perspectives, The key tosuccess, RS, and Supporting policy of Biogas
Moderstor: N fine Biomas: Power Company.
1430-1505 [ Howto organize 2 biogas project in Thaiand
Mr. Torsten Fischer; The CEO ofKreg & Fischer, Bioensrey Development Company, EU
Region
15:05-1540 | Tumaround n energy policy





[image: image4.png]FFTC-KU Recent trend and future perspectives of biofuel production in Asia

‘October 25™ November 17 Bangkok, Thailand 2014/8/28

Ms. Doreen Fragel; The Head of ioenergy Agency, The Government of Federal Republic
of Germany

15:90-16:15 | Energy Plants Plantation and Techic for Biogas Production and Utiizaton:
‘Comparison of Experiencesin Thaland and Germany
Dr.Sunpeth Cumnuantp; Thai BiofuelProfessional in Europe and Insttute of
‘Acrostasicity, German Aerospace Center in Oberpfaffenhofen, Germany.
16:15-1630 | Coffee break
Plenary session 4 | Scence Technology and Innovative RBID of processing engineer for renewable enerEy
Moderator: 2
1630-1705 | Design of heat absorber for solid waste energy recovery
Dr. Arturo Mariano | Figueros; Holy Angel Universi, the Phippines.
17:05-1740 | The Application o Rice Husk Fumace
Dr.Chung Teh Shen ; Natonsl Chung Hsing University, Taiwan
18:30 omward_| Welcome dinner
30" October 2018
0300-0830 | Regiswation
Moderator: 2
Keynote speech [ Bioenergy, strategy for diverse markets in ASEAN countries
08:30-05:15 | Prof. . Koichio Koike; Shimane Universty, iapan
0915-0935 | Coffee Break
Plenary session’s | R&D Best practice, Success stories, and policy buld up of Biomass energy
Moderator: Dr. Sunpeth Cummuantip
09351010 | Research on Biomas for Energy Producton in urope ~ the German BEST-Project 25
an Example
Prof.Dr. Michl Bredemeie; BEST (Biosnergie Regionen starken, Germany.
10:10-1045 [ 01d 03 Patm Trunks: A Promising Source of Sugarsfor Bomass Refinery.
Dr. Aiiko Kosugi Japan Interational Research Center for AgrculturalScences.
URcas)
10:45-1120 | CURRENT STATUS OF BIOFUEL PRODUCTION IN VIETNAM
Prof.Dr. Van Dinh Son Tho; Hanoi Uriversit of Science and Technology
11:20-1140 [ ntroducton of mbiization o the paticipants and observersfor group actvty
190-1300 [ Lunch Break
Workshop | Mobilzaton of the partcipants and observers for group activity
13:00-1830
Group1 | Technical resesrch, capaciy buiin, disemination and informtion exchanee, eam
bl p, and ASEAN HUB of Bio-ethancl
"Moderator: Assoc. Pro. Kianaron Sioth
Groupz | Technical resesrch, capaci buidin, diseminaion and informtion exchanee, eam
buid up, and ASEAN HUB of Bio-disel
"Moderator: Aszoc. Prf.Dr. £d Ssrabol
Groups | Technical resesrch, capaci buiin, diseminaion and informtion exchanee, eam

buid up, and ASEAN HUB of Bomass
‘Moderator: N fine Biomass Power Company
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Technical research, capaciy building,dissemination and information exchange, tsam
buid up, and ASEAN HUB of Biogas

Moderator: . Sunpeth Camnuanthip
Coffee Bresk
‘Groups activity presentation and forum discussion
Presentation and Discussion by working group £1.
Presentation and Discussion by working group £2
Coffee Bresk
Presentation and Discusson by working group #3
Presentation and Discusion by working group #4
‘Workshop discussion on development of strategic action plan for interdisciplinary
‘cooperation of hgher education exchange facltators & research
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註2.Wood Plastic相關資料-引用百度百科、環益科技 
Wood Plastic Composites,簡稱：WPC，是國内外興起的一類新型複合材料，指利用聚乙烯、聚丙烯和聚氯乙烯等作為基材，添加木粉、稻殼、稻稈等植物纖維混合成新的複合材料。同時需藉由摻配和造粒而產生的複合材料顆粒，經過擠壓、灌模、注射成型等製程所產出的材料。

完成的成品近似木製品，但是由於內含塑料，所以具有較好的硬度、加工性質及機械性能。可適用於高附加價值之加工作業，如貼皮，噴塗，水轉印，熱轉印等 。
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ASTM D638 90

ASTM D638 2.4

ASTM D790 323

ASTM D790 21000

ASTM D256 4.8

ASTM D648 60

1.11

ASTM D792 1.095

ASTM D2240 77

ASTM D570 0.41

　1. 抗拉強度 (kgf/cm 2 )

　2. 伸長率 (%)

　3. 抗折強度 (kgf/ cm 2 )

　4. 抗折彈性係數 (kgf/ cm 2 )

　5. 衝擊強度 (kgf-cm/ cm)

　6. 熱變形溫度 ( ℃ )

　7. 熔融流率 (g/10min)

ASTM D1238

220 ℃ x5Kgs

　8. 密度 (g/ cm 2 )

　9. 硬度 (Shore D)

　10. 吸水度 (%)
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ABSTRACT
Taiwan lacks fossil fuel resources and thus highly depends on imported oil. Ethanol can be used as a substitute for gasoline as well as an additive to improve gasoline combustion quality. Bioethanol is commercially produced by using starch, high sugar containing crops, or cellulosic material in much smaller scale. Among all possible feedstocks, sugarcane is considered as a superior choice in tropical to subtropical areas than others. However, the success of fuel ethanol production relies heavily on the stable supply of economic feedstocks. 

To evaluate the feasibility of using sugar cane as the feedstock for fuel ethanol production in Taiwan, a study was carried out to investigate the capability of ethanol production per hectare of farm. From 2009 to 2011, 8 varieties of sugar canes with various maturing rates were planted on farms, chosen according to soil types. Sugar canes were sampled periodically and analyzed for total biomass, sugar contents, and sugar compositions. Using cane juice as the single substrate for Saccharomyces cerevisiae, ethanol production yields for sugar canes were investigated. Systematical arrangements of planting and harvesting produced various samples enabled us to look into the effects of various combinations of conditions, such as cane varieties, age of canes, time of planting, etc. Ethanol production potential per hectare of land was estimated by combining biomass produced per hectare and the ethanol yield per unit mass of sugar cane. In addition to the supply of the feedstock, the storage duration of post-harvest sugar cane might be an issue for bioethanol production. 

Samples of various canes from stocks with staling times ranged from 0-9 days were investigated. The temperature, during the period of the experiment, was found to fluctuate from 25 ºC at night to 33 ºC at high noon. The weight and sucrose content of cane samples decreased rapidly and the inverted sugar increased after five days. Interestingly, the ethanol yield per unit mass of cane juice did not seem to be significantly affected by the staling time.

This research has generated a significant amount of information. A database has been composed accordingly, which can be used to estimate ethanol yields using basic cane properties such as varieties, age of cane, as well as the component and quantity of total sugar. This would be a helpful tool in feedstock management for a cane ethanol producer.

Keywords: Sugarcane, Bioethanol, Renewable Energy
Introduction

  A persistent challenge that confronts Taiwan is the reliance on imported energy. Among the various forms of energy demands, liquid fuels, which mostly are produced from fossil oil, are among the immediate needs in daily life. The stability of oil supply is closed monitored by the government due to its potential impact up to the state level. The volatility of oil price also constantly tests Taiwan where manufacturing and transportation play pivotal roles in economic activities. Another problem accompanying massive demand on fossil fuels is the inevitable high-volume greenhouse gas emissions. Thus, sustainable alternative energy has drawn much attention of Taiwan to partially tackle energy problem without adding any more burden to the environment.

Ethanol (or bioethanol) can be used as a substitute for gasoline as well as an additive that improves combustion quality of gasoline. Bioethanol is commercially produced from starch, high sugar content crops, or (on a much smaller scale) from cellulosic materials. Although sugarcane is considered to be a superior choice among all possible feedstocks in tropical to subtropical areas due to its high energy conversion efficiency  (Farrell, 2006) and water efficiency (Gerbens-Leenes and Hoekstra , 2009), the sugarcane based bioethanol industry still faces some challenges. For example, the possible availability of a stable feedstock supply needs to be addressed before setting up a commercial scale sugarcane ethanol production site.

In Taiwan, a sugarcane harvesting season generally starts from November and lasts until March of next year. Traditionally, sugarcane can be planted during spring (spring planting, from January to March), autumn (autumn planting, from July to September), or use ratooning for a few harvest seasons. The growth period of sugarcane takes 12-18 months. Sugarcane planted in summer does not yield enough sucrose as a suitable feedstock for sugar mills before the harvest season of that year ends. However, its higher content of reducing sugars, such as glucose and fructose, can be transformed into ethanol by microorganisms. In order to evaluate the feasibility of using sugarcane as the year-round feedstock for bioethanol production, we constructed a sugarcane database that included the characteristics of sugarcane produced under various conditions.  

Materials and Methods
Sugarcane varieties
Eight sugarcane varieties were used in this study, namely ROC 1, ROC5, ROC9, ROC10, ROC16, ROC24, ROC26, and F160. These cane varieties were developed at the Taiwan Sugar Research Institute specifically for sugar farms in Taiwan.
Field experiment
Field experiments were carried out in Chiayi County, Taiwan (23.2ºN latitude, 120.1ºE longitude), where one of the major supplies of sugarcane comes from for sugar mills. Sugarcane was planted on 3 different sites located not far from each other. Each of the 3 sites has its own characteristic soil types of sandy loam, loam, or clay. During the period of this study, the associated monthly rainfall and the maximum and minimum temperature, for this area, are presented in Table 1. The 3 sites of geographically close were picked hoping to minimize the effects of climate factors.
Biomass and sugar composition analysis
All samples were collected between 2009 and 2011 from crops planted in the month of April. Four stalks were randomly picked and harvested. The collected samples were pressed to obtain juice for further investigation. 
Juice analysis
Cane juice samples were analyzed for their sugar compositions using High-performance liquid chromatography (HPLC,Waters 2690 Separations module) equipped with an appropriate column (Waters Sugar Pak 1 cation exchanged resin-based column, 6.5x300 mm) and an RI detector (Waters 2410 Refractive index detector).  The column was kept at 90°C during analyses. Mobile phase was 0.5g/L calcium EDTA aqueous solution with a flow rate of 0.6 mL/min. Juice samples were filtered to 0.45μm before HPLC analysis. 
Postharvest deterioration of cane
Cane samples of various varieties at the loam soil site were harvested on June 22nd 2011 and kept indoors. The maximum ambient temperature was approximately 33 °C during the experiment. Three cane stalks of each variety were randomly selected to collect juice at 1, 2, 5, 7 and 9 days. The juice was analyzed for sugar content and used for ethanol production tests.
Ethanol Production

Microorganism
A strain of Saccharomyces cerevisiae (BCRC 920059) was used for ethanol production throughout this study. The strain was isolated from an ethanol production site of Taiwan Sugar Corporation and later used for commercial production of ethanol.
Seed preparation
Yeast cells were cultivated in a YM medium (Yeast Extract 0.3%, malt extract 0.3%, Peptone 0.5%, glucose 1%) in a 5L fermenter (Bioflo 3000 Batch/Continuous bioreactor, New Brunswick Scientific) at 30°C, with a stirring rate of 300 rpm. Aeration rate was controlled at 1vvm. After cultivating for 16 hours, the broth was centrifuged at 5,400 g for 1 min to harvest yeast cells. The harvested cells were then re-suspended in sterilized water to give a turbidity of 300±10 at 600nm.
Cane juice
Cane juice was collected from crushed and pressed sugar cane samples. Cane juice samples was concentrated using evaporation if its total sugar content was less than 12 %. No further treatment or fortification of other ingredients was applied to cane juice prior to fermentation.
Ethanol production
Seed solution (10mL) and sugarcane juice (90 mL) were mixed in a 250 mL flask. The fermentation was carried out at 30°C without shaking. Sucrose, glucose, fructose and ethanol contents of the tested samples were determined using HPLC as previously described.
Results and Discussion
Sugar composition analysis 
Sucrose content is almost always considered as the most important factor to evaluate a sugarcane variety. For cane sugar industry, sugarcane needs 12-18 months to grow and accumulate enough sucrose for further processing. Sugarcane grows rapidly during summer as natural resources are plentiful, e.g. abundant rainfall and sufficient sunlight. The main product of photosynthesis, i.e. glucose, is used as the building block and energy sources to fuel cell growth, and consequently turned into biomass. As temperature gradually decreases after summer, sucrose synthesis seems to surpass cane growth and give rise to an increase in sucrose content in sugarcane. 15°C was considerable as the critical temperature of cane growth.(Hsia, 1972) 
Total sugar content and sugar composition were analyzed for samples of different cane ages, soil types, and varieties (Fig 1-3). The contents of reducing sugars, i.e. glucose and fructose, were observed to decrease during the period from November to April. Sucrose was found to be the major sugar species present during the period. Sugar yields per hectare were estimated by combining the results of sugar content in biomass and harvested biomass per hectare (Table 2-4).

In a sugar mill, reducing sugar in cane juice does not contribute to the yield of crystal sugar. On the contrary, reducing sugars may cause troubles during processing. Thus, traditionally, sugarcane with high reducing sugar content would be regarded as unsuitable for sugar production. However, S. cerevisiae is normally capable of using a wide spectrum of sugar species and taking advantage of the additional sugar besides sucrose. Therefore, the details recorded, relating to composition and sugar contents, in all the cane species during non-traditional harvest times may help optimize land use with respect to ethanol feedstock production. For example, the two early mature varieties, i.e. ROC1 and ROC 16, may be harvested as early as 10 months after planting for ethanol production, even though they were not considered as good feedstocks for making crystal sugar at the same age.

Ethanol production test

Ethanol production yield out of the total sugar in cane juice was investigated as described in Materials and Methods. The result was summarized in Table 5. All the data were analyzed by using one-way ANOVA (Figure 4). Cane juice from 6-15 months old sugarcane gave satisfied ethanol yield under the described test conditions. The result that juice from 6 or 9 months sugarcane gave yields comparable to 12 to 15 months samples indicates that young sugarcane may be used as ethanol production feedstock with little upset in ethanol yield if necessary. Among the teste varieties, we have observed that ROC 5 and ROC 26 gave a lower ethanol yield than other varieties. A nutrient imbalance for yeast fermentation was suspected for the two varieties. Further investigations are needed to clarify this mystery.

The characteristics of postharvest cane 
Weng et al. summarized the reasons leading to the deterioration of postharvest sugarcane as the following: 1. the activity of invertase in the postharvest sugarcane; 2. consumptions by miccroorgamisms.  Also, the deterioration rate of harvested cane might be affected by cane varieties and age. In many cases, microbial activities result in acidic metabolites and thus change pH value. The pH value of juice from sugarcane samples going through various storage durations was measured. In Fig 5, it is shown that the pH value of cane juice decreased mildly after storage. Some juice samples could reach a lowest pH level of 4.85. Since S. cerevisiae can normally withstand a much more acidic environment, the pH change during postharvest storage is unlikely to be an inhibition factor if sugarcane is used as ethanol production feedstock. The rapid decrease of sucrose and considerable increase of glucose and fructose indicate that invertase was active during the period of observation (Figure 6-8). During the storage time, dehydration occurred due to the evaporation of water to the environment. Rate of dehydration and the sugar composition change were taken as the key factors of the evaluation of deterioration. The experimental result indicated that ROC16 and ROC 5 seem to deteriorate slower than other varieties. The ethanol yield, presented in Table 6 shows that the ethanol yield of tested varieties was not significantly affected by storage.  This result shows that the “deterioration” of storage sugarcane in traditional sugar industry may not show if the same sugarcane is used for ethanol production since the total sugar did not decrease due to composition change.
CONCLUSION

This research has gathered a significant amount of information, upon which a database has been compiled. Since ethanol yields of cane juice can be estimated using basic cane properties, such as cane variety, cane age, along with total sugar content and quality, the database can be used to estimate ethanol yields for commercial scale cane ethanol production with relatively complex sugarcane supplies as feedstocks. The database can be expanded to cover more parameters, such as climate factors, planting time etc. Furthermore, the possible scenarios of postharvest deterioration, was discussed in this research. The result shows that ROC16 has high sugar content and a slow deterioration rate. ROC16 is, thus, recommended to be a good variety as the feedstock for ethanol production. The database should serve as a helpful tool in feedstock management for cane ethanol producers.
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Table 1.Monthly rainfall and temperature during the experiment

	Month
	Year
	Rainfall(mm)
	Maximum Temp °C
	Minimum Temp °C

	January
	2009
	0
	27.9
	4

	February
	″
	3.5
	34.7
	13.6

	March
	″
	72.5
	30.8
	10.6

	April
	″
	59.5
	31.9
	13.6

	May
	″
	5.5
	34.4
	17.6

	June
	″
	301.0
	36.2
	20.6

	July
	″
	134.5
	36.6
	22.9

	August
	″
	655.0
	37.1
	24.8

	September
	″
	40.5
	36.0
	24.6

	October
	″
	8.5
	35.2
	17.1

	November
	″
	4.0
	31.5
	15.8

	December
	″
	13.0
	29.8
	7.6

	January
	2010
	12.5
	28.2
	5.8

	February
	″
	23.5
	32.7
	9.7

	March
	″
	6.0
	32.3
	7.2

	April
	″
	49.0
	33.7
	14.1

	May
	″
	108.5
	34.2
	17.7

	June
	″
	174.5
	34.8
	20.8

	July
	″
	472.5
	35.2
	22.6

	August
	″
	69.5
	36.1
	23.6

	September
	″
	271.5
	33.6
	22.3

	October
	″
	22.0
	33.2
	15.8

	November
	″
	17.0
	28.4
	13.8

	December
	″
	17.5
	29.7
	5.2


Table 2. Ethanol yield from cane juice (planted crop in April) at different cane age (6, 9, and 12 month)
	Varieties

	Soil type 

	
	Loam                   
	Sandy loam
	Clay

	
	6
	9
	12
	6
	9
	12
	6
	9
	12


	ROC1
	86.0
	94.4
	89.1
	91.4
	90.7
	92.8
	89.4
	88.3
	78.6

	ROC9
	88.9
	90.8
	90.3
	90.0
	89.5
	99.9
	93.6
	94.4
	94.4

	ROC10
	85.0
	93.5
	75.3
	89.4
	91.1
	99.9
	95.8
	91.6
	98.1

	ROC16
	89.0
	90.4
	88.9
	89.0
	89.3
	94.8
	90.0
	91.7
	92.9

	ROC24
	94.4
	83.1
	86.0
	95.8
	87.3
	99.9
	91.1
	86.8
	84.8

	ROC5
	99.9
	84.9
	89.4
	87.7
	88.3
	89.5
	96.6
	88.4
	99.5

	ROC26
	84.8
	78.0
	79.2
	91.2
	89.6
	88.6
	91.6
	86.4
	85.2

	F160
	88.4
	86.4
	88.1
	84.0
	88.9
	89.5
	89.8
	87.7
	94.1


Table 3. Total sugar yields per hectare of different varieties of sugarcane in consecutive month during the investigation (loam)

	Varieties
	2009
	2010

	
	Oct.
	Nov.
	Dec.
	Jan.
	Feb.
	Mar.
	Apr.
	May.

	ROC1
	9.7
	10.2
	12.0
	12.1
	8.7
	12.0
	13.3
	13.1

	ROC9
	7.3
	8.9
	8.5
	11.5
	8.7
	11.6
	13.7
	9.5

	ROC10
	8.9
	11.5
	11.8
	13.7
	14.5
	10.9
	15.4
	14.5

	ROC16
	5.8
	7.6
	8.3
	7.9
	12.9
	12.5
	12.7
	9.6

	ROC24
	6.8
	9.2
	6.3
	7.9
	7.1
	7.9
	7.0
	7.7

	ROC5
	4.5
	5.9
	3.9
	5.2
	5.5
	7.6
	5.9
	7.2

	ROC26
	3.5
	2.9
	3.3
	7.1
	4.9
	5.5
	4.7
	5.9

	F160
	6.7
	7.5
	16.8
	8.8
	9.0
	14.8
	16.9
	11.3


Table 4. Total sugar yields per hectare of different varieties of sugarcane in consecutive month during the investigation (clay)

	Varieties
	2009
	2010

	
	Oct.
	Nov.
	Dec.
	Jan.
	Feb.
	Mar.
	Apr.
	May.

	ROC1
	4.5
	5.9
	4.3
	5.3
	7.1
	9.3
	9.6
	8.1

	ROC9
	2.7
	2.6
	3.3
	3.4
	3.7
	3.1
	3.6
	2.8

	ROC10
	2.2
	4.1
	3.6
	3.6
	2.8
	3.6
	3.2
	4.5

	ROC16
	4.2
	4.7
	3.8
	4.7
	8.3
	4.6
	4.3
	8.9

	ROC24
	4.1
	6.5
	2.1
	4.5
	4.1
	6.9
	5.5
	6.2

	ROC5
	1.6
	2.0
	3.5
	1.6
	2.1
	1.7
	2.2
	2.5

	ROC26
	0.9
	1.0
	2.7
	0.9
	0.7
	1.2
	1.0
	0.9

	F160
	4.7
	5.7
	1.3
	5.7
	5.6
	7.0
	7.7
	7.8


Table 5. Total sugar yields per hectare of different varieties of sugarcane in consecutive month during the investigation (sandy loam)

	Varieties
	2009
	2010

	
	Oct.
	Nov.
	Dec.
	Jan.
	Feb.
	Mar.
	Apr.
	May.

	ROC1
	10.6
	10.2
	12.0
	20.1
	12.5
	16.4
	19.8
	15.0

	ROC9
	8.4
	8.9
	8.5
	16.4
	11.8
	9.2
	12.1
	8.0

	ROC10
	10.6
	11.5
	11.8
	14.4
	12.5
	19.7
	19.1
	13.0

	ROC16
	9.2
	7.6
	8.3
	19.6
	12.9
	13.4
	18.1
	12.3

	ROC24
	7.8
	9.2
	6.3
	11.7
	7.9
	10.7
	11.4
	11.1

	ROC5
	8.1
	5.9
	3.9
	11.8
	9.0
	11.2
	12.7
	10.2

	ROC26
	7.8
	2.9
	3.3
	17.1
	13.1
	14.8
	14.6
	15.9

	F160
	9.3
	7.5
	16.8
	19.0
	16.8
	18.1
	18.4
	11.7


Table 6. The ethanol yield of postharvest sugarcane

	Varieties
	Ethanol yield (%)

	
	1 day
	5 days
	7 days
	9 days

	ROC1
	85.6±1.6
	83.6±1.2
	87.3±2.9
	76.9±9.4

	ROC16
	88.3±1.2
	87.9±1.9
	88.7±1.4
	86.6±3.0

	ROC24
	89.6±2.0
	87.7±2.0
	87.7±1.6
	86.3±1.9

	ROC5
	89.3±2.0
	87.0±1.9
	85.0±1.6
	87.6±2.9

	F160
	89.4±2.1
	90.6±2.9
	99.0±0.3
	87.4±4.1


Ethanol yield %= % ethanol /%theoretical ethanol X 100%
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Fig. 1. Compositions of major sugar species and total sugar yields of spring crop samples on loam in consecutive months during the investigation.
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Fig. 2. Compositions of major sugar species and total sugar yields of spring crop samples on sandy loam in consecutive months during the investigation.
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Fig. 3. Compositions of major sugar species and total sugar yields of spring crop samples on clay loam in consecutive months during the investigation.
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Fig. 4. The evaluation of the ethanol yield of cane juice from different varieties. (Planted on loam, year-round data)
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Fig. 5. The pH value of juice at different staling time.
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Fig. 6. The sucrose content changes in juice at different staling time 
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Fig. 7. The glucose content changes in juice at different staling time
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Fig. 8. The fructose content changes in juice at different staling time
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