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簡報者
簡報註解
There are quite a few subjects I need to cover today, and I will talk about the prospect and the history of nuclear energy. For history, I will do a review on what has happened in the nuclear industry in the last 40 years, and for the prospect, I will go over a list of the new subjects on nuclear energy that are on the horizon in recent years. So, there are a lot of topics I will cover today.



最近演講的結論

• 結論1

核能不是選項,而是人類邁向下一步文明

的必經之路

2021  06
• 結論2

世界核能發展的巨輪正向前急駛,台灣不

在船上
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今天的結論
The fun is yet to begin
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好戱正要上場

簡報者
簡報註解
I always wanted to present the conclusion slide first so you would know what to expect at the very end. As the main theme for my talk is the prospect for nuclear power. So, the prospect is THE FUN IS YET TO BEGIN. The following slides will tell you all about it.



近兩年核能發展達40年之高峯

•新議題,新公司,新局勢,新立法

•世界核能發展-風雲際會百家爭鳴

• 2021-2022尤甚

•所涉議題廣泛,今天擇重點討論
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今天討論的主要題目

1.核廢處理與消除-核燃料循環

-與防範核武擴散

2.核融合的進展

3.小型模組化核能電廠SMR的考量
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簡報者
簡報註解
Is nuclear power safe? This is not a fair question. I can say the hardware for nuclear power plants are robust enough to say that they are safe. Buy it must be operated following closely the operating guidelines and the safety limits. A political system where the check and balance can be rigorously implemented will have no safety concerns. But there are places in this world that the check and balance is not and cannot be implemented for nuclear safety. These places are still vulnerable to a nuclear accident.



很多核能議題沒有包含在今天討論內
-但歡迎提問

•核能安全全面觀

•低劑量輻射的健康效益

•太空應用

•新式核燃料

•其他還有很多議題
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簡報者
簡報註解
As for the new designs for the nuclear power plants of the next generation, there are new versions of high temperature gas cooled reactors, using new fuels such as the TRISO fuels and offers advantages of great safety features. I personally still in favor of the fast reactors of the burner type that could consume nuclear waste more that they produce them. The Accelerator Driven Subcritical Reactors are also a popular subject. Belgium, France, Japan and China are actively pursuing it. This is a conceptual design of a prototype that is being built by Belgium and France together. This is an accelerator that delivers high energy protons into the core of a subcritical reactor. The neutrons are generated by the bombardment of the protons with a target and get to spread out into the core. It can generate some neutrons because plutonium is used as the fuel. A lot of minor actinides placed in the core can get transmuted and therefore eliminated. The entire process will still be able to produce surplus energy to be designed as a power producer as well.The small modular reactors are a very popular subject in recent years too.  Just during the last three years I have seen many startup companies formed to design and market the various versions of SMRs. The real advantage of a SMR is really financial, in the sense it requires a much small amount of upfront investments and the major components are manufactured in a modular manner which will offer a better controlled construction schedule and therefore much lower financial risk. I will not get into too much detail of this subject but would like to introduce to you a very good book on this subject. The title of the book is “Handbook of Small Modular reactor” edited by Mario Carelli and Daniel Ingersoll. Simply by reading the first chapter of the book one will get a lot of information out of it, the Introduction chapter. The author for this chapter is Professor Neil Todreas of MIT.  (In case you are too young to know these names, Dr. Carelli serviced in the ANS TH Division as an executive committee member in 1985 and Professor Todreas was the Chairman for the TH Division in 1981.)



消除核廢料之理論基礎與工程設計

趙嘉崇

清華大學
李存敏館(綠能館)204會議室

2018年10月31日
中華核能學會舉辦

7

Dr Jason Chao October 31, 2018



核廢料放你家好不好?

Dr Jason Chao 2019 08 18 8

我的回答:沒問題但是我必須要擁有它
的主權.

(致富是因為無知的人太多.)



賬目不清,如何治理能源世界
乏燃料會計學

主要成分 成分比例 資產還是負債

鈾 95% 資產

鈽 1% 資產

高放射性
次錒系元素

0.1% 可以是資產

核分裂衍生物 4% 負債



全面消除核廢要做什麼事

沒有遠慮 面臨的都是近憂
有人問處理核廢的問題, 是要往東,還是往西?
答案是黃色的, 因為問題的性質都搞錯

1核廢處理與消除-2核燃料循環-3與防範核武擴散
-這三者一體不可分割
-核廢料處理的議題必須受命於其他兩者的政策方
向與採用技術

經濟發展是主要動力
防範核武擴散的考量影響全局大方向
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• (摘自“全面透視核能”圖6.9 6.10)
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核燃料大循環何時開始

• 如果世界走向全面核燃料大循環之路,一個循環之周
期大約五十年之譜

• 於是中程暫時性乏燃料核儲存設備也開始成為矚目
議題,以解決核電廠廠區乏燃料暫存容量有限之苦

• 馬上跟進產生的議題有乏燃料運輸安全議題

• 核燃料大循環所需的提煉技術已被視為常用,但仍須
高成本投資與設有防範核武擴散之檢查機制
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核廢是核武的原料

一般核電廠,產生的核廢料,含有核武原料原料,
若提煉出核武原料是世界核武擴散的首要憂慮,
世界數百國家都簽署國際防範核武擴散盟約

盟約包括一重要機制

-駐維也納之國際原能總署,可派員到場,或在各
核電廠裝置既時監控設備,

1.一則防範已用過的核燃料被私下運走,
2.再者控管生產於核燃料棒內核武元素的數量
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快中子核反應爐近年又開始被矚目

以消耗己產出的鈽與高階核廢料為主要目的.

A.減低核武之危脅

B.減少地底深層處置核廢之負擔

C.增加核燃料使用之經濟效率
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核燃料循環與政治軍事不可分割

核燃料循環與最終處置的區域性國際合作社

-區域性核電諸國可結盟

-共同分享核料所有權共同負擔核廢料責任

-擇地建立提煉機制與廠房,結盟國家共同分

享利益共擔經濟責任

-鈽生產量須有限制根據核燃料有實質使用

之地而刻意不過量生產

-違約者依合約接受國際嚴厲制裁

-以能源市場為依據共進共退

-結盟國同意國際核能署檢查防範核武擴散
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一切機制仍需五年至十年始可成熟

國家政策須設置乏燃料資產管理之行政部門

• 乏燃料內含之鈾與鈽視之為資產

• 乏燃料內含之核分裂副產品與最終棄物視
之為負債

• 總資產之淨值受影響因素有:

-鈾之市場價

-提煉技術之增進

-新進的地底管道埋廢之採用
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重大概念

• 核燃料之循環,乏燃料之儲存,與終極
核廢料之地底處置

都需要與世界接軌為前提
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各型核融合方式

• Magnetic fusion 磁場圍束法

-Tokamak 托卡馬克

-Stellarator 恆星型

• Inertial Confinement 慣性圍束法

• Cold Fusion 冷聚變

• Lattice Confinement Fusion 晶格束縛核融合

• Field Reverse Configuration電磁場反饋效應裝置

-Alpha Ring
-TAE Technologies
-Helion
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Initial Confinement Fusion 的突破
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雷射核融合示意圖

美國能源部於2022年12月13日宣布Lawrence Livermore Labs 在
Initial Confinement Fusion 的突破.輸入能量2.05MJ.核融合能量
3.15MJ.
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核融合何時可以商業運轉

達到核融合商業運行的四大要件,依順序為:

• 1.証實了核融合物理反應

• 2.輸出能量大於輸入能量

• 3.找到可以控制連續釋核融合能量

的物理法則

• 4.全型商業運轉電廠之設計
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小型模組化核電廠

• 近五年SMR的各項進展,包括設計,實
驗,模型示範,執照申請,與市場推廣達
高峰

• 每年增加為數不少的新公司

中華核能學會 年 月 日趙嘉崇2022 12 23 22



小型模組化核電廠的一些優勢

• 1.容易管理電力需求的配合

• 2.建廠擇址條件適合散裝多數小型廠房,勝過

集中少數大型廠房

• 3.緊急疏散區小

• 4.容易設計防地震所需結構

• 5.冷卻水需要量少容易覓址

• 6.近年軟體發展迅速,促使模組化的設計可以執

行到位

• 7.組裝本身具重複性經濟效益

• 8.組裝本身具量產性經濟效益
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小型模組化核電廠的重要優勢

為何小型模組化核電廠更安全?

•蛻變熱少,所需排熱機制的要求
變小

•內部體積小,容易設計出讓冷卻
水自然循環的幾何分佈
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容易設計出讓冷卻水自然循環
的幾何分佈
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結論

• 世界核能發展當下已形成四十多年空前盛況

• 國家要富強必須要有核能

• 所有富強的國家都有核能

• 核能發展要在國際上要積極爭取權益機會與
合作

• 國內積極培養核能人才

• 小型模組化核能電廠是一個難得的機會,不但
可以解決缺電問題,更可以在核能發展上做跳
躍式的邁進
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