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摘   要

2013年機械自動化與材料工程國際學術論文發表會議 (The 2nd International Conference on Mechanical Automation and Materials Engineering, ICMAME2013)，會議內容涵蓋了製造工程與自動化領域主要研究方向，本出國計畫為筆者運用計畫結餘款項之經費，將執行計畫的研究成果，研提論文於該會議中報告發表與交流。研究報告內容為開發一套密閉式保育舍保溫系統，使用沼氣燃燒熱水系統搭配鱗片式熱風機，對保育舍進行保溫，並配合通風扇通風換氣以維持畜舍的空氣品質。
關鍵詞：沼氣燃燒、養豬場、仔豬保溫
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壹、計畫緣起與目的

此次參與的國際會議名稱為2013機械自動化與材料工程國際學術論文發表會議 (ICMAME2013)，是由中國華中科技大學主辦，在中國湖北武漢的華中科技大學國際學術中心舉行，計畫目標為將近兩年在沼氣燃燒熱水在畜牧應用方面的研究結果，藉由此2013機械自動化與材料工程國際學術論文發表會議做論文報告，主題主要為沼氣燃燒熱水在養豬場仔豬的保溫研究。
地球的溫室效應，是大量的溫室氣體逸入大氣中造成氣候異常和全球暖化，這些氣體包括CO2、CH4 和N2O 可以吸收紅外線而使地球表面溫暖化，因此溫室氣體減量是迫切解決的問題。1973年石油危機後，世界各國均感受到石油能源終有一天會匱乏，因此尋求一種替代能源並加以研發利用刻不容緩；仔豬從分娩舍離乳後移置於密閉式保育舍，此時保育豬仍需保溫，若保溫控制不好容易造成腹瀉及呼吸道疾病，顯著影響保育豬的生長性能，因此保育舍的溫度控制是相當重要。
沼氣是廢水處理中厭氣發酵後的產物，是一種再生能源，可應用於煮沸、發電、保溫及汽車等，取代液態瓦斯與石油，但因儲存不易及液化困難，因此以就地生產、利用為主，沼氣袋則是利用儲存最方便的方式之一，但也由於在利用上僅能以管線輸送因而受到很大之限制，且市售沼氣用具不普遍。此外，沼氣中因含有微量硫化氫和水蒸氣，在使用時如有漏氣發生，會腐蝕金屬用具。目前沼氣在台灣養豬農家之利用上，大都用於養豬場之輔助能源，例如家庭燃料用瓦斯爐、熱水爐、仔豬保溫燈、及沼氣發電用於自家牧場所需等用途。

養豬事業是國內農牧生產的主要產業之一，豬舍溫度是裝場成敗的關鍵因素，初生小豬因為沒有皮下脂肪的保護，對於冷緊迫相當的敏感，所以要在小豬睡床處進行保溫，分娩舍是唯一同時養有母豬和仔豬的豬舍，仔豬剛出生後需靠母豬的泌乳過活，由於體質因素，生理上仔豬怕冷，而母豬怕熱，剛出生後的仔豬一旦受寒很容易產生下痢、肺炎問題；又母豬一旦遭到熱緊迫則會減少飼料攝取量與降低泌乳量，進而影響仔豬生長。
仔豬出生時最適當環境溫度在32~34℃之間，之後環境溫度隨出生後日數的增加而遞減，在第7天時約為28℃。一般而言厭氣醱酵槽所產生的沼氣每m3在空氣中燃燒，其熱量在5300 kcal左右，可利用此沼氣燃燒後加熱於水作為禽畜舍的加溫技術；即利用沼氣燃燒鍋爐或熱水器來加溫熱水進行仔豬保溫，如此不僅能節省電能耗費，而且沼氣燃燒再利用，更能直接減少溫室氣體的排放量。
本論文研究為研製一套保育舍保育豬沼氣燃燒熱水保溫系統，利用沼氣燃燒來加熱於水，藉由管路輸送熱水流經送風機，當熱水流過送風機內銅管後其纏繞的銅鱗片快速傳熱，送風機會送出熱風，循環吹送加熱周圍空氣，使空氣升溫，一直到空氣溫度達到設定值才停止啟動，使密閉式保育舍達成保溫效果，由於豬隻的飼養密度及排泄糞尿，密閉式保育舍內的氨氣及二氧化碳等有害氣體濃度不得過高，因此需進行豬舍通風換氣的規劃設計，另外改製沼氣燃燒爐的燃燒室以改善改善燃燒室過度加熱與設計成容易清除沼氣燃燒生成物；同時整合先前完成的分娩舍仔豬豬沼氣燃燒熱水保溫系統計畫，可以達到單一沼氣燃燒熱水爐有多功能用途；如此使沼氣燃燒熱水作為再生能源的利用，降低養豬戶生產成本，不僅能夠節省能源的耗費，而且更能夠直接減少溫室氣體的排放，落實節能減碳政策，符合綠色能源理念。
貳、參加研討會過程與內容

一、會議議程及議場主題

2013第二届機械自動化和材料工程（ICMAME2013）的國際會議於2013年8月9日- 11日在中國武漢舉行。本次會議議程內容涵蓋了製造工程與自動化領域主要研究方向，分成三大領域，分別為製造技術與程序、自動控制與材料工程領域，共有167篇論文，所有投稿論文都被同行審查和評估其原創性，學術性和研究内容及深度。召開的時間從2013年8月9日開始報到，10日至11日進行各議場主題報告。2013機械自動化與材料工程國際學術論文發表會議中，邀請美國、加拿大、日本、香港和台灣的專家學者進行專題演講。與會國際專家學者來自二、三十個國家，共計約400多人與會。
此次國際研討會的會議主題包括有機械工程的研究與設計、計算機的應用方法與演算、微機電工程與感測器、工業自動化與加工控制、機器人、應用技術與通訊技術、高等製造技術、鋼鐵材料與冶金技術化學材料與工程、複合材料與技術、奈米材料與奈米技術及陶瓷材料。此次會議為期三天，個人論文發表的會議場所的主題為「自動控制」，個人論文的題目為 『Development of Automatic Hot-water Insulation System for the Weaned Piglets of Nursery using Biogas - combustion』，發表時間為為8月10日下午2點，發表時間為15分鐘，發表的過程順利，充分強調研究的重點，會後也和與會人士討論相關的研究主題及成果，收穫豐富。
二、研討會發表內容摘述
本發表論文內容為開發一套密閉式保育舍保溫系統，使用沼氣燃燒熱水系統搭配鱗片式熱風機，對保育舍進行保溫，並配合通風扇通風換氣以維持畜舍的空氣品質。利用沼氣燃燒爐來加溫熱水，藉由輸送管路讓熱水流經鱗片式熱風機進行熱交換，使熱風機對保育舍內空氣加溫，配合通風機強制通風換氣，達到仔豬保溫效果。保育舍仔豬保溫系統設定熱水溫度為70°C、熱水流量0.045 m3/min及舍內溫度28°C的條件下，對於保育舍的加熱保溫效果及二氧化碳濃度進行測試，探討保育舍內不同的通風扇啟閉頻率及不同位置的溫度對時間的變化，以評估加熱保溫的均勻性及保溫效果。

由於硫化氫和二氧化碳比甲烷更容易溶於水，所以沼氣經水洗可以使高濃度的氣態甲烷留下。本研究使用簡易水洗脫硫設備，以除去沼氣中的硫化氫。並搭配使用沼氣燃燒熱水系統(包含沼氣燃燒爐、變頻馬達及熱水儲存桶等)以加熱熱水。使熱水經管路流經鱗片式熱風機，進行熱交換，並配合通風扇進行通風換氣，利用熱風機的熱風對密閉式保育舍進行加熱保溫。改變通風扇的啟閉頻率，並配合沼氣燃燒熱水系統搭配熱風機加熱保育舍內空氣，探討保育舍的保溫效果及保育舍內不同位置的溫度變化，以尋找較適合密閉式保育舍之環境控制條件。
養豬場的生質廢棄物經厭氧發酵後所收集的沼氣會集中儲存於紅泥膠皮沼氣袋中，因沼氣含有易損壞器材的硫化氫(H2S)，故將沼氣通入水洗脫硫裝置，使水吸附沼氣中的硫化氫後，用來作為燃燒熱水的沼氣來源，沼氣平均工作壓力約為0.2 kg/cm2。保育舍仔豬保溫系統主要包含沼氣燃燒熱水系統及仔豬保溫系統兩部分，沼氣燃燒熱水系統由熱水加熱裝置(沼氣燃燒爐、電熱輔助加熱器、熱水儲存桶等)及控制熱水裝置所組成。保育舍內的仔豬保溫系統則是由鱗片式熱風機、通風扇及溫控裝置(溫度控制面板及舍內溫度感測器(Tset))等所組成如圖所示。本實驗引導經過水洗脫硫之沼氣進入沼氣燃燒爐作為加熱熱水之熱源，並設定熱水溫度為70°C儲存於熱水儲存槽中，當熱水溫度低於70°C時便會開啟內循環沼氣燃燒加熱以維持溫度。保育舍內溫度設定(Tset)為28°C，若保育舍內溫控感測溫度低於28°C時，仔豬保溫系統即開啟外循環，藉由變頻馬達加壓熱水，使熱水流經鱗片式熱風機(圖2a)進行熱交換，吹送熱風加熱保育舍內空氣，達到舍內溫度控管及保溫的效果。
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Hot-water insulation system using biogas-combustion applied to the weaned piglets
從實驗及分析結果可知，本保溫系統在飼養密度1.4 m2/pig的密閉式保育舍內，在不同的通風扇啟閉條件可使保育舍均勻加熱，且可維持仔豬生長所需溫度，溫度變化幅度極小(<±0.1°C)，溫度誤差率小於1.53%，能夠達到有效的保溫；相對濕度及二氧化碳濃度隨通風扇啟閉頻率增加而下降。距離熱風機越遠，舍內溫度稍降，約有0.9~1.03°C的溫差；相對濕度則是稍微上升，變化約為3.87~4.92%。溫度及相對濕度變化不大，顯示本保溫系統均勻度相當良好。本保溫系統操作方便又可隨著仔豬的成長而調整其適合的生長環境，不僅可降低溫室氣體排放，更可節省保溫燈耗費。

三、與會見聞或新知
2013第二届機械自動化和材料工程的目的是介绍和討論的最新進展和新技術，机械自動化與材料工程，提供研究人員和工程師一个高層的國際論壇。這有助於促進在各種科學領域的共同利益，提高資訊技術和計算機科學相關的技術研究人員和從業人員之间的溝通。沼氣利用技術是一種可處理不同型式廢棄物(如動物糞便、有機廢棄物及廢水處理廠產生之污泥等)，卻對環境無害的處理方式。因此如何有效率的利用沼氣，以及如使沼氣可以廣泛讓農民所接受並且加以利用，便是目前主要思考的方向。沼氣利用技術是減少二氧化碳排放的關鍵技術，而未來在減少溫室氣體排放、減緩全球暖化及替代能源需求，沼氣利用技術將能扮演重要的一個角色。
本次參與此國際會會議期能瞭解目前國際在沼氣再生能源方面的各種應用，以期未來能夠進一步做相關方面的研究。本次會議經評審過的論文，將全部出版在國際期刊《Applied Mechanics and Materials》Vol.364上，在該刊物發表的論文將被EI Compendex 和ISTP收錄。整個發表的過程順利，充分強調研究的重點，會後也和與會人士討論相關的研究主題及成果，收穫豐富。攜回資料：Proceedings of the 2nd International Conference on Mechanical Automation and Materials Engineering (ICMAME2013)
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參、心得與建議事項
一、心得

此次國際研討會與來自各地的專家學者齊聚一堂，針對製造工程與自動化工程及生物機電研究的相關議題相互討論及分享研究成果與實務經驗，進而強化國內相關學術研究領域應用視野，對與會國內學者有顯著助益。能夠有機會參與ICMAME2013國際論文發表會，對製造工程、材料工程統和自動化工程與生物機電研究的相關領域跟各地專家相互討論交流與分享研究成果，感覺獲益良多。瞭解到在自己的相關領域中還是有許多的研究主題有待去繼續去研究探討，在生物機電的範疇相當廣泛，除了畜牧機械自動化工程外，另外有關機電應用於生物上的相關領域，更是未來的研究上應努力的方向。

二、建議事項
就研究題材而言，本人參加這次會議，有些感觸與建議，這裡提出幾點建議意見：
1. 再生能源的應用在能源永續領域中是做一個非常重要的研究主題，應為大勢所趨，目前研究大都著重在太陽能或風力，未來研究應多擴展到沼氣的應用面。

2. 沼氣發電為國內沼氣利用技術發展較為著重的一環，但是沼氣發電設備及脫硫設備成本較高，又因台灣的畜牧業大多是分散式且小規模經營，故較不符合國內大部分的畜牧業者
3. 國內許多大型的畜牧場都有廢水三段處理設備，在厭氣處理過程中產生的沼氣，往往不加以利用接排放，實在不妥，應思考如何進行畜牧場在地利用，以達到節能減碳效果。
肆、附錄
附錄一  論文接受通知信函
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Dear Author,

Congratulations! It is our great pleasure to inform you that your paper

B! BRAVRFGBERE, BHEX
Paper ID:A090

Paper Title:Development of Automatic Hot-water Insulation System for the Weaned Piglets of
Nursery using Biogas-combustion

Author:Cheng-Chang Lien , Jun-Han Mei ; Perng-Kwei Lei

has been accepted for presentation at The 2nd International Conference on Mechanical Automation
and Materials Engineering (ICMAME2013) .1t is sponsored by Advanced Science and Engineering
Technology Institute and ttp trans tech publications inc.

Please finish the registration before the deadline, the paper will be included in the EI Journal:
Applied Mechanics and Materials (ISSN: 1660-9336) , will be indexed by EI Compendex,
otherwise it will exclude in the journal.

Maybe some unforeseeable events could prevent a few authors attending the event to present their
papers, so if you and your co-author(s) could not attend ICMAME2013 to present your paper for some
reasons, please inform us. And we will send you, the official receipt of registration fee, journals,
and/or other materials after ICMAME2013 free of charge.

Please strictly adhere to the format specified in the conference template while preparing your final
paper. If you have any problem in preparing the final paper, please feel free to contact us:
icmame(@163.com . For the most updated information on the conference, please check the conference
website at http://www.icmame.org

Thank you for submitting to ICMAME 2013 and we look forward to seeing you at the conference.
We also hope that you will contribute your excellent work to future ICM AME conferences and we are
looking forward to meeting you in Wuhan, China!
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附錄二 發表論文內容
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Piglets of Nursery using Biogas-combustion
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Keywords: Biogas, Nursery, Weaned piglets, Hot-water insulation system.

Abstract. This study is aim to develop an insulation system which have a burner using the biogas as
fuel for the nursery of the pig farm and a ventilation system to maintain the air quality of the nursery.
To eval uate the uniformity and the insulation effect of the heating insulation, this study investigated
the temperature and the relative humidity of different locations and carbon dioxide concentration of
the nursery in the conditions of the hot water temperature 70°C, the hot water flow rate 0.045 m*/min,
the indoor temperature 28°C, the stocking density 1.4 pig/m2 and four different frequencies of the
ventilation system. The result shows that the insulation system can not only maintain the indoor
temperature stability and uniformity and keep the temperature that weaned piglets desired (28°C), but
also display that the magnitude of the temperature change is extremely small (<t 0.1°C). The relative
humidity and the concentration of the carbon dioxide decreased with the increasing of the ventilation
frequency. The difference of the temperature was about 0.9-1.03°C and the difference of the relative
humidity was about 3.87-4.92%. The heating system can reduce the emissions of the greenhouse gas
and save the electric cost of heating-lamps, and it is feasible to operate and adjust the suitable
temperature for the growth environment of weaned piglets.

Introduction

Biogas, using local resources such as cattle dung and organic wastes, provides an alternate source
of energy that relatively favorable to the environment than other form of using energy and it also has
a high development potential of the biomass energy. When organic waste is stored in the absence of
air, a microbial degradation process starts producing biogas, which is a mixture of 55% to 70%
methane (CH,), which is the combustible component, 30% to 45% carbon dioxide (CO,) and a small
amount of hydrogen sulfide (H,S)[1]. Biogas production and utilization has the potential to be an
efficient means of emphatically decreasing greenhouse gas emissions in a number of areas of the
animal production life cycle [2,3]. The technological progress and optimization of the biogas
production make biogas energy even cheaper. The use of biogas for energy production to reduce the
use of fossil fuels has gradually taken seriously because of the high prices and limited resources of
fossil fuels [4].

The major source of methane contained in the atmospheric is agricultural activities, including
straw and cattle, pigs and other livestock. Theoretically, the methane productivity can be measured in
terms of volatile solids (VS). The theoretical methane productivity is higher in pig (516 1 kg™' VS)
and sow(530 1 kg™' VS) manure than in dairy cattle manure (468 1 kg™ VS) [3] .

Piglets are usually weaned at 8 weeks of age and the growing of the piglets is profit-key to the pig
farms. It has found that the consequences of changes of the environmental temperature on heat
production or energy retention are dependent on the level of food intake [6,7] and the heat loss due to
feeding is partly used for thermoregulation. Therefore, if the temperature of the nursery could be
maintain effectively that will contribute to the care and management of the piglets. Due to increasing
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price of electric energy, piglets heating with electric heaters and electric mats are more and more
seldom used. As the purpose of saving cost and energy, the heat insulation systems which use the
renewable energy as heating resource for piglets have been studied in recent years [8,9].

The aim of this study is to design and evaluate of the performance of the heating system which use
the biogas made from the anaerobic fermentation of the pig farm as the energy for weaned piglets in
the nursery. Investigate and analysis the temperature, the relative humidity and the concentration of
carbon dioxide of the nursery changes over time in different conditions of the ventilation system.

Material and methods

Establish of the Hot-water insulation system

To remove the hydrogen sulfide of the biogas, the purification system was set up in this study
because of that the hydrogen sulfide of the biogas is more easily soluble in water than methane. The
hot-water which heat using the biogas as energy flow through the blowers to heat exchange and the
hot air blown by the blowers will heat the air of the enclosed nursery until the temperature reached the
needs of the weaned pigs. The air control is one of the conditions that the high concentration of
harmful gases of the nursery may affect the growth of weaned pigs. To maintain the air quality of the
enclosed nursery, the ventilation system which wind-velocity was approximately 1500 m*/min was
set up as the Fig.1 shown.

In this study, the biogas which desulfurized by the water-washing was utilized as a heat source to
apply heat the water in the biogas-combustion furnace. Set the hot water temperature as 70°C, hot
water flow rate 0.045m’/min and the temperature (T, of the nursery as 28°C. If the temperature of
the nursery is below 28°C, the inverter motor will begin operation to let the hot water flow through
the blowers for heat exchange. Thus, the blowers will blow the warm air to heating the air of the
enclosed nursery to reach the purpose of temperature control and insulation of weaned pigs.

Sensor of Ty

]

. Enclosed Nursery
Fig.1 Hot-water insulation system using biogas-combustion applied to the weaned piglets

The location of sensors

The location of temperature relative humidity data loggers(HOBQO:U10-003,0nset,U.S.A.) and
carbon dioxide sensor(TEL-7001,0nset,U.S.A.) were set up as shown in Fig.2. Set the number of the
temperature relative humidity data loggers on the right side to the door as #205 to #208 and the left
side as #209 to #211. The extra two data loggers #212 and #213 were set in the top of the #205 and
#206 at 80 cm that 150 cm away from the ground in order to observe the relationship between height
and temperature. The location of the temperature relative humidity data loggers were used to confirm
whether the temperature and relative humidity of the nursery was uniform, and whether the
temperature and relative humidity was suitable for the growth of weaned piglets.

The location of the carbon dioxide sensor was set up in the center of the nursery to measure the
temperature (Tyy), relative humidity (RHyy) and the concentration of carbon dioxide (CO») of the
middle of the nursery. The concentration of the carbon dioxide will be the reference for the
parameters of the ventilation system of the nursery.
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Fig.2 The location of temperature relative humidity data loggers and the sensor of carbon dioxide

Methods of the field tests

360 cm 120 cmj

The insulation system was set in a nursery of the pig farm that the feeding area as 129.6 m”. A
number of 185 weaned pigs were reared in the nursery during the experiment and the stocking density
was calculated as 1.43 pig/m®. Set the temperature of the hot water as 70°C and change the frequency
of the ventilation system. In this study, four frequency (Fonorr) of the ventilation system was set
work as that switch on 10 seconds every sixty seconds (Fioss0s), fifty seconds (Fioysos), forty seconds
(F10s140s) and thirty seconds(F; g /305).

Investigate and measure the insulation effect of the hot-water insulation system, and the change of
the temperature and relative humidity at different positions of the nursery, and the concentration of
carbon dioxide measurement time in the middle of the nursery for each hour.

Result

In the addition of the hot water as 70°C and the frequency of the ventilation system as F ¢ 305, the
temperature(Ty;), relative humidity (RHy;) and the concentration of carbon dioxide (CO;) in the
middle of the nursery was shown as Fig.3a and Fig.3b that reveal the temperature and the relative
humidity of the middle of the nursery was quite stable.
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Fig.3a The temperature (Ty;) and the CO, concentration of the nursery at frequency as Fygs 30
Fig.3b The relative humidity (RHyy) and the CO, concentration of the nursery at frequency as Fis 0

The temperature at the center of the nursery can be maintained at 27.6 © C and the relative humidity
59.5% that explained the insulation system is quite stable and suitable for the growth of weaned pigs.
The concentration of the carbon dioxide was maintained at 1025.5 £ 37.4 ppm. Set the inter
temperature (Tspr) of the nursery as 28°C then measured the temperature (Ty), relative humidity
(RHyp) and the concentration of carbon dioxide (CO») at the center of the nursery for statistical
analysis and calculating the error rate of the temperature (Erro Rate) shown as Table 1.
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Table. 1 The analysis results about Ty, RHy, CO; and Erro Rate at different frequency of the
ventilation system

Fonorr Tm[°C] Erro Rate [%] Ry [%0] CO; [ppm]
Fios0s 27.57+0.02 1.5340.07% 59.47+0.22 1025.5437.4
Frosia0s 27.58+0.03 1.50+0.11% 61.44+0.56 1373.54£72.6
Frosis0s 27.52+0.02 1.2940.07% 62.99+0.87 1526.4+90.4
Fiosisos 27.45+0.04 1.0440.14% 65.53+0.46 1744.2465.5

" Erro Rate (%) <[(Tea-Tad) /Tee] *100%

As the Table.1 shows that the center temperature (Ty) of the nursery can be maintained at about
27.5 °C with small standard deviation (£0.02 °C to £0.04 °C). As the result, the temperature error rate
was calculated as 1.04 to 1.53 % and it revealed that the hot-water insulation system can provide
effective insulation effect with marginally temperature changes. The center relative humidity (RHyy)
of the nursery can be maintained at about 59.47+0.22 % at the addition of ventilation system
frequency as Fiog0s and it increases with the decreasing of the ventilation system frequency. It was
speculated that the water vapor weaned piglets exhaled accumulated in the nursery for a longer time
that resulting in a higher relatively humidity. The standard deviation of the relatively humidity were
less than 1% revealed that the relative humidity was quite stable.

The result of the concentration of carbon dioxide shows that it is increased as the frequency of the
ventilation system decreases. In this study, the air quality indicator of the concentration of carbon
dioxide is recommended as 1500 ppm as safe by considering IOSH of Taiwan (1,000-2,000 ppm)
[11]. Therefore, the concentration of carbon dioxide values were less than 1500 ppm as the result in
the conditions of ventilation system frequency as Fjog30s and Figgu0s that the environmental conditions
were suit for the growth of weaned piglets. Subsequent analysis take the frequency Fios30s and Fiogaos
as analysis objects to analysis the distribution of the temperature and relative humidity at different
location and height of the nursery.

Discussion

The statistical results of the temperature and relative humidity at different location in the condition
as frequency Fiog30s and Fiogaos were shown in Table 2. The temperature and relative humidity
distribution under the conditions of frequency as Figgy30s Was the similar to the frequency as Fioguos.
Under the conditions of frequency as Fiogsos and Fiogaos, the temperature of the nursery was
maintained at about 27.40 °C to 28.24 °C, but the temperature of the position #208 in the conditions
of frequency as Fiog30s and Frogaos were separately as 26.49 + 0.05°C and 26.61 + 0.09°C which were
lower than temperature of the other position. It was speculated that the position #208 was closer to the
ventilation fan and effect the temperature slightly so that the temperature was relatively lower.

The temperatures on the left side of the nursery (#2053, #206 and #207) were higher than the right
side (#209, #210 and #211) that was speculated that the number of weaned piglets feeding on the left
side was more than the right side. The result shows that the temperature at the height of 80 cm (#2035
and #209) were maintained at 27.00°C to 27.52°C and 27.51°C to 27.83°C but the temperature at the
height of 150 cm (#212) was both higher than the #205 and #209. The same distribution was also
found at the #206, #210 and #213.

The relative humidity of the nursery was maintained at about 56.91% to 68.43%. The relative
humidity reduced as the distance farther from the blowers and it was speculated that the wind from
the blowers absorbed the water vapor which weaned piglets breathing out so that the relative
humidity had a gradually rising trend.

The result also shows that the relative humidity at the height of 80 cm (#2035 and 209) were higher
than the position at height as 150 cm (#212) in the conditions of frequency as Fyog30s and Fioguos. The
same distribution was also found at the #206, #210 and #213. It was speculated that the rising air
brought the water vapor which weaned piglets breathed caused the higher relative humidity at the
higher position of the nursery. It’s been calculated that the temperature of the nursery slightly reduced
as the distance farther from the blowers that the temperature difference were about 1.03°C and 0.9°C
and relative humidity were a slight increase of 4.92% and 3.87% .
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Table.2 The distribution of the temperature and relative humidity at different location and height of
the nursery under the conditions of frequency as Fyoy30s and Fiogaos

Fios30s Fiota0s
Code(#) Temperature Relative Code(#) Temperature [°C] Relative

[eC] humidity [%] humidity [%]
205 27.52+0.06 56.91+0.25 205 27.51+£0.05 68.43 £0.25
206 27.40 £0.05 57.68 £0.25 206 27.44£0.05 68.92+0.37
207 27.40 £0.05 59.74 £0.35 207 27.49 £0.05 70.18 £0.25
208 26.49 +£0.05 61.83+0.21 208 26.61 £0.09 72.30+£0.53
209 27.00+0.12 59.91+£0.59 209 27.83+£0.06 69.92 +0.86
210 28.18 £0.09 61.65+0.78 210 28.08 £0.06 72.58 £1.04
211 28.24+£0.09 62.75+0.46 211 28.18 £0.06 71.43+1.15
212 29.43+£0.12 52.37+023 212 29.39+0.12 64.49 £0.41
213 28.68 +£0.07 53.08+0.24 213 28.73£0.07 64.78 £0.31

Conclusions

Under the condition of the ventilation frequency as Fiog3os, F1os0s, F1os50s and Fiogeos, it could be
effectively maintained the temperature of the nursery at 27.5°C that the weaned piglets required. The
temperature of the nursery slightly reduced as the distance farther from the blowers and the
temperature difference was about 0.9~1.03°C. The standard deviation of the temperature was
extremely small (<£ 0.1 © C) that revealed the hot-water insulation system with a ventilation system
could stably maintain the temperature of the nursery.

The relative humidity had a gradually rising trend as farther from the blowers and it still
maintained at 60~65% that the weaned piglets required and the relative humidity difference was
about 3.87~4.92%. The minimal changes of temperature and relative humidity of the nursery shows
that the uniformity of the hot-water insulation system was quite excellent.

The concentration of carbon dioxide under the ventilation frequency as Fioysos and Fiogeos were
higher than the safe value so it is recommended to use the frequency as Fiog30s and Fiogaos. The
hot-water insulation system is easy to operate, and adjust the temperature with the ambient of the
weaned piglets that not only reduce greenhouse gas emissions but the cost of the heat lamps.
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