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什麼資源可以替代廉價原油，以及何時產生？
What Can Replace Cheap Oil—and When
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    人類史上新舊能源的轉換過程中，路途艱辛萬苦。然而，過去的能源轉換過程中，沒有多大的轉變；在長期使用木材為燃料之後，人類社會開發了煤礦以及由重力主導的水力能源結構。工業化時代已來臨，石油的開發有助於陸地以及空中的交通逐漸發達，但在同時，我們不得不擔憂未來的煤礦，其取得來源為何，或是能源產量的急速成長對於地球有何影響。
     The road from old to new energy sources can be bumpy, but the transitions have gone pretty smoothly in the past. After millennia of dependence on wood, society added coal and gravity-driven water to the energy mix. Industrialization took off. Oil arrived, and transportation by land and air soared, with hardly a worry about where the next log or lump of coal was coming from, or what the explosive growth in energy production might be doing to the world.
    時代已經轉變了，原油價格持續攀升；此外，隨著全球溫度上升，兩極的冰山正在融化。下次重大的能源轉變是否同樣地有如過去那樣緩和，主要取決於三組問題：首先，原油生產量何時最豐富？其次，地球氣候上的對於我們燃燒化石原料後所排放到空氣中的二氧化碳的反應如何？最後，綠色能源的價格合理嗎？上述問題的答案取於科學與技術，但市場上對於原油使用情況往往脫離不了政治手腕的控制。
     Times have changed. The price of oil has been climbing, and ice is melting around both poles as the mercury in the global thermometer rises. Whether the next big energy transition will be as smooth as past ones will depend in large part on three sets of questions: When will world oil production peak? How sensitive is Earth’s climate to the carbon dioxide we are pouring into the atmosphere by burning fossil fuels? And will alternative energy sources be available at reasonable costs? The answers rest on science and technology, but how society responds will be firmly in the realm of politics.

    關於地球上原油短缺的輿論，人們有一些分歧的意見，這個爭論很快會有定案。全球原油需求的比例一直以來以每年百分之一或二的比例增加；此外，如今我們從地表下抽取原油的速度正以每秒幾乎1000桶的數值進行著。大部份過往的石油公司職員，以及抱持悲觀論的地質學家預測，原油產量將於不久之後達到高峰。他們也指出美國地質學家M. King Hubbert在1956年成功地預測美國的原油生產量將於不久之後的1970年達到高峰。地質學家利用相同的方法，並將過往的原油生產量以及當時的原油生產量紀錄含括在內，預測在近二十年以內原油將會被人類所耗盡。那些抱持樂觀主義的環境資源經濟學者爭論說原油生產量大部分受到經濟政策與政治手腕所影響，而不是如此地受限於地利因素。日新月異的科技，將改善上述問題，因此，他們說：「技術創新將受到干預，原油生產量將持續地上升」。儘管如此，任何人有意要延續原油使用量達到巔峰時期，期間大約與中世紀的時間一樣長。之後，人們很快想到的，即是美國必須降低百分之四十的原油使用量，並採取其他能源。有鑑於環境變遷的激烈，我們不得不迫切考慮使用非化石燃料（參閱第100頁）。
     There is little disagreement that the world will soon be running short of oil. The debate is over how soon. Global demand for oil has been rising at 1% or 2% each year, and we are now sucking almost 1000 barrels of oil from the ground every second. Pessimists—mostly former oil company geologists—expect oil production to peak very soon. They point to American geologist M. King Hubbert’s successful 1956 prediction of the 1970 peak in U.S. production. Using the same method involving records of past production and discoveries, they predict a world oil peak by the end of the decade. Optimists—mostly resource economists—argue that oil production depends more on economics and politics than on how much happens to be in the ground. Technological innovation will intervene, and production will continue to rise, they say. Even so, midcentury is about as far as anyone is willing to push the peak. That’s still “soon” considering that the United States, for one, will need to begin replacing oil’s 40% contribution to its energy consumption by then. And as concerns about climate change intensify, the transition to non-fossil fuels could become even more urgent (see page 100).

    如果原油供給量即將達到極限，或是人類對於環境變遷所凝聚的共識，能夠促使我們降低化石燃料的使用量，許多可替代性能源隨時可取代化石燃料，以解決能源耗竭的困擾。太陽總是以86,000兆瓦特或是太瓦的能量照射地球的表面，其能源大約是地球上人類每年能源使用總量的6600倍。由於地球上的風力、生物量以及核能都很豐富，因此，我們可以長期使用可再生資源，並且無能源短缺之憂。
     If oil supplies do peak soon or climate concerns prompt a major shift away from fossil fuels, plenty of alternative energy supplies are waiting in the wings. The sun bathes Earth’s surface with 86,000 trillion watts, or terawatts, of energy at all times, about 6600 times the amount used by all humans on the planet each year. Wind, biomass, and nuclear power are also plentiful. And there is no shortage of opportunities for using energy more efficiently.

    當然，可替代性能源的使用有其爭議性。換言之，核能裂變的支持者尚未找到可被接受的解決方法來因應以下的問題：由發電廠所排出、不易被分解的放射性廢物，高昂的處理費使得公營事業者因而望之怯步不敢接手。然而，可再生的能源是分散的，想要以低廉的價格獲取足夠的能源是困難且昂貴的。至目前為止，地球上的風力能供給電能最大額度超過400億瓦特，或以兆瓦計；同時，所供應的電力每千瓦小時約為4.5美分。因此，在研發另一種綠色能源時，風力佔有一席地位。
     Of course, alternative energy sources have their issues. Nuclear fission supporters have never found a noncontroversial solution for disposing of long-lived radioactive wastes, and concerns over liability and capital costs are scaring utility companies off. Renewable energy sources are diffuse, making it difficult and expensive to corral enough power from them at cheap prices. So far, wind is leading the way with a global installed capacity of more than 40 billion watts, or gigawatts, providing electricity for about 4.5 cents per kilowatt hour.

    綠色能源所帶來的效益聽起來似乎很好。然而，與化石燃料可使用的範圍相比較時，綠色能源所能適用的範圍仍相當有限。在美國整體能源生產量上，綠色能源僅僅佔百分之六的比例。此外，隨著全球能源需求值將會增加，預估從最近每年生產大約13太瓦的總數提高至於本世紀中以前約略30至60太瓦的需求量，如此驚人變化值，使得綠色能源的使用將必須普及到足以遞補近期能源的使用量，並且對於地球上未來能源的使用有顯著的影響。
     That sounds good, but the scale of renewable energy is still very small when compared to fossil fuel use. In the United States, renewables account for just 6% of overall energy production. And, with global energy demand expected to grow from approximately 13 terawatts a year now to somewhere between 30 and 60 terawatts by the middle of this century, use of renewables will have to expand enormously to displace current sources and have a significant impact on the world’s future energy needs.

    當所有能源被綠色能源替換後，將會產生何種需求？有效實施節約能源政策，似乎是節能不可或缺的條件：特別是多花心思提昇可替換性能源的效力。近三十年以來，利用太陽能所產生的能源總產量在專家所認為的綠色能源產量標準下，已經掉兩個順位。太陽能源系統廣泛地被採用之前，大部分專家發現到價錢必須再度下跌100倍才能夠讓大眾接受。奈米科技的先進也許能透過提供新半導體系統的方式，來提升太陽能板的效力及其直接從陽光、二氧化碳和水產生豐富的化工燃料。
     What needs to happen for that to take place? Using energy more efficiently is likely to be the sine qua non of energy planning—not least to buy time for efficiency improvements in alternative energy. The cost of solar electric power modules has already dropped two orders of magnitude over the last 30 years. And most experts figure the price needs to drop 100-fold again before solar energy systems will be widely adopted. Advances in nanotechnology may help by providing novel semiconductor systems to boost the efficiency of solar energy collectors and perhaps produce chemical fuels directly from sunlight, CO2, and water.
    但是，綠色能源的引用是否能及時因應能源危機，於某種程度上須取決於我們對能源研究以及發展方面的進步程度而定。此外，我們尚需從科學實驗過程所獲悉的成果，凝聚關於全球性政治的共識，才能因應能源短缺問題。
     But whether these will come in time to avoid an energy crunch depends in part on how high a priority we give energy research and development. And it will require a global political consensus on what the science is telling us

問題討論
　　以下的六個數學問題，是一系列由Clay數學研究機構所挑選出的七個重要問題（第七個問題在96頁予以討論）。詳細內容，請至www.claymath.org/millennium網址查詢。
     The following six mathematics questions are drawn from a list of seven outstanding problems selected by the Clay Mathematics Institute. (The seventh problem is discussed on page 96.) For more details, go to www.claymath.org/millennium.

· 是否有簡單的演算足以證明橢圓形曲線的解決方法是無限量的呢？
· Is there a simple test for determining whether an elliptic curve has an infinite number of rational solutions?
· y2 = x3 + ax+ b的方程式是有力的數學工具。從伯爾斯和戴爾（Birch and Swinnerton-Dyer conjecture）所臆測的理論，假如該推測正確的話，可以得知在某個範圍的有理數中，如何決定有多少解決方式──該資訊可解答無數問題。
· Equations of the form y2 = x3 + ax+ b are powerful mathematical tools. The Birch and Swinnerton-Dyer conjecture tells how to determine how many solutions they have in the realm of rational numbers—information that could solve a host of problems, if the conjecture is true.

· 霍奇週期（Hodge cycle）可被寫成一個代數循環的總和嗎？
· Can a Hodge cycle be written as a sum of algebraic cycles?
· 兩項有用的數學架構分別在幾何學和抽象代數中廣泛使用。霍奇理論假設在兩者之間有著一個令人驚訝的連結，但其中的連結仍待建構。
· Two useful mathematical structures arose independently in geometry and in abstract algebra. The Hodge conjecture posits a surprising link between them, but the bridge remains to be built.
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