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Introduction




This book presents a grand narrative of the historical journey of technological innovation in China’s petroleum industry, highlighting pivotal events, monumental achievements, and transformative contribu-tions. Structured into three parts—Technology’s Legacy: Foundations of China’s Petroleum Progress; Energy Expansion: From Domestic Break-throughs to Global Partnerships; and Charting Tomorrow: China’s Road-map for the Post-Petroleum Era—the work systematically explores the sector’s evolution.

The first part comprehensively examines the technological advance-ments in oil exploration and development, refining and petrochemicals, engineering techniques, and global presence. The second part spotlights 12 landmark innovations that have defined eras in China’s petroleum his-tory, including The Daqing Miracle, Revolution Upon the Whetstone, Bo-hai Bay: The Billion-Tonne Cornucopia, Conquering the “Sea of Death”, Gas Nourishing China’s Land, Deep-Sea Resource Exploration, National Pillars: Petroleum Megaprojects, Overseas Oil and Gas Jewels, Ten-Mil-lion-Tonne Refineries, Million-Tonne Ethylene, The West-East Gas Pipe-line Project, and Underground Gas Storage—showcasing revolutionary milestones that have reshaped the industry. The third part outlines vision-ary prospects for both petroleum and broader energy sector development.

Organized and published by Petroleum Industry Press, this volume was spearheaded by Hu Wenrui, academician of Chinese Academy of Engineering. Commencing in March 2020, the press specially invited re-nowned industry experts to form an editorial committee and writing team. The team held multiple discussions on the book’s structure, highlights,






and style. During the writing process, the authors consulted a vast array of historical materials and relevant scientific publications, interviewed numerous distinguished industry experts and veteran leaders, visited mul-tiple petroleum technology museums, industrial heritage sites, and oper-ational facilities, and conducted in-depth research at petroleum research institutes. Based on thorough analysis and deliberation, they formulated the writing outline before embarking on the intensive writing task. Specif-ically for this volume, the editorial committee convened over 20 writing workshops and more than 20 review meetings, meticulously refining the manuscript through five comprehensive revisions before its finalization in June 2021.

This book was developed under the overall framework design and principal content direction proposed by Hu Wenrui, Liu Zhenwu, Ma Xinhua, Zhang Weiguo, and Zhang Zhen, who also conducted final re-view of the entire work. The compilation responsibilities were distributed as follows: Wang Yiduan, Zhang Weibing, and Yan Jianwen led the first part; Wang Yiduan, Zhang Weibing, Yan Jianwen, Cui Yubo, Li Zhong, and Wang Changhui collaborated on the second part; while Wang Yiduan, Zhang Weibing, and Cui Yubo jointly completed the third part. The final manuscript integration was coordinated by Wang Yiduan, Zhang Weibing, Yan Jianwen, and Cui Yubo.

The publication process benefited from substantial professional sup-port. Special gratitude is extended to Academicians Su Yinao and Yuan Shiyi, along with over 40 distinguished experts including Jiang Qikai, Shen Pingping, Fu Chengde, Gao Ruiqi, Wu Qi, Zhang Guanjun, Wang Xian-qing, Meng Chunxu, Gong Ke, Wang Liming, Ai Muyang, Wang Xiang-zeng, Wang Tongliang, and Zhang Laiyong for their expert guidance. Appreciation is also expressed to major energy corporations—CNPC, Sinopec, CNOOC, and Yanchang Petroleum—for their institutional support. The editors further acknowledge all photographers and video contributors whose visual materials enabled the book’s richly illustrated presentation. This collective effort has ultimately realized the compre-hensive integration of textual and visual elements that characterize this publication.

History surges with grandeur, and the spirit endures eternally. This is
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a magnificent epic titled “I Dedicate Oil to My Motherland”, extolling pe-troleum pioneers’ patriotic devotion and heroic resolve to serve the nation through technological innovation! This is a popular science chronicle of petroleum technological advancement, revealing the wisdom, contribu-tions, and scientific ethos of oilfield innovators! This is a historical drama recreating those arduous yet stirring tales of technological breakthroughs, vividly portraying petroleum scientists and engineers striving to “fuel the nation’s drive” through their pioneering work! More significantly, this stands as a manifesto championing the Petroleum Spirit, Daqing Spirit, and Iron Man Spirit, epitomizing the dedication of petroleum technolo-gists who “would rather give their all than see oilfield production dip or miss its growth targets”—an enduring inspiration for future generations to achieve greater triumphs.

Given the vastness of historical materials, discrepancies are inevi-table; constrained by the limits of our professional expertise, oversights might occur. We sincerely welcome valuable feedback from our readers.

Closing this volume, I am deep in reflection and filled with profound emotion; gazing toward the future, my ambition burns bright. The spirit of the petroleum industry is woven into the very fabric of the Chinese spirit; its grand endeavor is cast in the same mold as the Chinese Dream.




Editorial Committee of This Volume June 2021
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Fueling the Nation: The Spirit Behind China’s Quest for Oil and Gas


Part One Technology’s Legacy: Founda-tions of China’s Petroleum Progress

––––––––
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etroleum is the lifeblood of modern industry. The progress of human civilization and development of productive forces hinge upon it. China ranks among the earliest discoverers of petroleum

globally. According to Dream Pool Essays by Shen Kuo (1031-1095), Chi-na has utilized petroleum for over a millennium. Yet in modern history, Western geologists once labeled China “oil-deficient”.

On October 1, 1949, the People’s Republic of China (PRC) was founded! Alongside this newborn, vibrant nation, China’s petroleum in-dustry rose tenaciously on the eastern horizon.

In the early years of the PRC, the nation’s annual crude oil output stood at just over 70,000 tonnes. By 1978, annual output had surged past 100 million tonnes. Following more than half a century of relentless ef-fort, China ranked as the world’s sixth-largest oil producer by 2020. Con-currently, the petroleum refining and petrochemical sector achieved a his-toric leap from non-existence to global prominence—having risen from the initial poverty at the nation’s inception to become the world’s largest refiner and second-largest ethylene producer. China’s petroleum industry has thus evolved from the wartime era’s creed, “a drop of oil cost a drop of blood”, to an innovation-driven stage where “every drop of oil em-bodies technology”.

Traversing history and scaling arduous journeys, petroleum pioneers trekked across mountains, wilderness, deserts, and barren lands—extend-





ing from onshore to tidal flats and oceans—surveying every petrolifer-ous basin. Through grit and perseverance, they have achieved globally acclaimed feats, composing a majestic anthem: “I Dedicate Oil to My Motherland” (Table 1-1).

Table 1-1 2020 China’s Top 10 Oil-Gas Field Companies by Hydrocarbon Output (Oil Equivalent)


	Rank

	Oil-Gas Field Company

	Output (Oil Equivalent)/Million Tonnes


	1

	PetroChina Changqing Oilfield

	6000


	2

	CNPC Daqing Oilfield

	4303


	3

	CNOOC Bohai Oilfield

	3064


	4

	CNPC Tarim Oilfield

	3003


	5

	PetroChina Southwest Oil & Gas Field

	2534


	6

	SINOPEC Shengli Oilfield

	2385


	7

	CNOOC Eastern South China Sea Oilfield

	1612


	8

	CNPC Xinjiang Oilfield

	1559


	9

	Yanchang Oilfield

	1120


	10

	
CNOOC Western South China Sea Oilfield


	1100
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[image: ]istorical records indicate that as early as the Eastern Han Dy-nasty (25-220 AD), petroleum was discovered in Yanchang County, Shaanxi—China’s earliest known petroleum discovery

site. Here, Yan-1 Well, the nation’s first onshore oil well, was drilled. In 1905, the Qing government established the Yanchang Oil Plant. On June 5, 1907, drilling commenced at Yan-1 Well, with production launching on September 12 at an initial rate of 1-1.5 tonnes per day, marking the dawn of China’s modern petroleum industry. In April 1935, the Chinese Work-ers’ and Peasants’ Red Army liberated Yanchang, founding the Yanchang Oilfield. Under the leadership of the Communist Party of China (CPC), it supplied vital fuel for China’s revolutionary cause, embedding revolu-tionary legacy into the industry’s DNA.

China’s petroleum industry became the backbone of the nascent People’s Republic of China. Its history unfolds as a magnificent epic—a grand narrative authored by the CPC and petroleum pioneers. Amidst nationwide reconstruction in the early PRC era, Party leaders prioritized petroleum’s revival. In 1953, Chairman Mao Zedong told Li Siguang (first Minister of Geology) at Zhongnanhai: Petroleum is indispensable for de-velopment. Without it, aircraft won’t fly nor vehicles move.

On April 13, 1950, the General Administration of Petroleum was established under the Ministry of Fuel Industry. On October 1, 1953, Beijing Petroleum Institute opened (Fig. 1-1). In July 1955, the Ministry of Petroleum Industry (MPI) was founded. These institutions provided centralized leadership and talent cultivation. During this period, the MPI organized personnel to study hydrocarbon exploration techniques from allied nations, initiating restoration of existing oilfields. China’s first pe-troleum base was built at Yumen, Gansu, followed by the discovery of







[image: ]Karamay Oilfield in Xinjiang. Its crude oil output surged from just over 70,000 tonnes (1949) to 3.73 million tonnes (1959)—a 52-fold increase that powerfully supported the industrial recovery and foundational de-velopment of the nascent People’s Republic. This marked a resolute first stride for China’s petroleum industry, tempering a contingent of mana-gerial and technical personnel who would later provide invaluable human capital and technological expertise for the strategic eastward shift in oil exploration.





Fig. 1-1 Former Campus of Beijing Petroleum Institute




In the late 1950s, the CPC Central Committee launched the strategic eastward shift of petroleum exploration based on national conditions. Guided by the continental hydrocarbon generation theory, exploration achieved transformative breakthroughs. Comrade Deng Xiaoping, over-seeing petroleum affairs, emphasized strategic prioritization: “During the Second Five-Year Plan, identifying oil in the Northeast alone would be significant.”

This strategic shift proved decisive in ending China’s oil deficiency. The Songliao Basin in Northeast China featured terrestrial sedimenta-ry formations—contrary to global oil giants found in marine sediments. Could oil exist here? Chinese petroleum scientists answered affirmatively through rigorous theory and unwavering conviction. Pioneering geolo-gists—Li Siguang, Pan Zhongxiang, Huang Jiqing, Xie Jiarong, Sun Jian-







chu, Weng Wenbo—shattered conventional wisdom. They identified key exploration zones based on China’s geological traits, advancing continen-tal hydrocarbon generation theory and silencing international skepticism. Their legacy, etched alongside Daqing, marks China’s petroleum ascen-dancy. Geoscientific Contributions to Daqing Oilfield Discovery won the First Prize of the State Natural Science Award in 1982.

On September 26, 1959, Well Songji-3 erupted with industrial oil flow, heralding Daqing’s emergence. In February 1960, the CPC Central Committee authorized the epic Daqing Oil Campaign. As eastern fields like Daqing came on stream, China’s crude oil production surged dra-matically—reaching 6.48 million tonnes nationally in 1963 and soaring to

45.67 million tonnes by 1972. By 1976, Daqing achieved 50 million-tonne annual production, maintaining this for 27 consecutive years. Since the 21st century, it sustained 40 million-tonne output for another 12 years despite formidable challenges. This unprecedented feat in global oilfield history was critically underpinned by petroleum science and technology (Fig. 1-2), with both core production-sustaining technological achieve-ments awarded the Special Prize of the State Scientific and Technological Progress Award.


[image: ]
Fig. 1-2 Cluster Well Production Site (Courtesy: Daqing Oilfield)


If China’s petroleum history is an epic of transformation, Daqing’s discovery stands as its most stirring chapter. China not only shed the





“oil-deficient” label but shattered reactionary oil embargoes. Empow-ered by abundant energy resources, the Chinese people swelled with great pride and, surmounting the summit with great strides, advanced socialist construction with unwavering steps. On September 26, 2019, Chinese President Xi Jinping, also general secretary of the CPC Central Commit-tee, sent a congratulatory letter on the 60th anniversary of the discovery of Daqing Oilfield, urging all its cadres and workers to shoulder the mo-mentous responsibility of upholding its exemplary role and building a centennial oil enterprise.

The Daqing Oil Campaign epitomized concentrated strength for de-cisive victory—demonstrating the marked advantages of socialism under the leadership of the CPC, which has the ability to mobilize national resources to accomplish major initiatives. Thereafter, with continuous advances in the eastward oil exploration strategy, petroleum forces con-verging from across China to Daqing were continually reinforced. They then surged toward the Bohai Bay, pushed into the Lower Liaohe Basin, marched west to Tarim, and assembled in Shaanxi-Gansu-Ningxia (Shaan-Gan-Ning) region, igniting successive waves of oil campaigns. These epic chapters, marked by fervent dedication and the discovery/development of oilfields, left enduring imprints of technological innovation across the petroleum industry’s meteoric rise.

Oil reservoirs lie hidden beneath the earth, requiring geologists to first predict potential oil-bearing regions through scientific geological theories. On September 23, 1962, a breakthrough came at Well Ying-2 in Dongying, Shandong—drilled by oil crews in the Bohai Bay area—which yielded a high daily flow of 555 tonnes of crude oil. This marked the dawn of hydrocarbon exploration and development in the Bohai Bay Ba-sin. Over the subsequent years, comprehensive exploration across 12 sec-ondary structural belts in the Jiyang Depression was conducted. Despite high expectations, the teams encountered major challenges: slow reserve growth, limited new production capacity, and a sharp decline in crude output. In response, geologists advanced data collection and analysis, ul-timately formulating the pioneering theory of Multistory Hydrocarbon Accumulation Zones. Guided by this theory, not only did the Shengli Oil-







field achieve new exploration breakthroughs, but successive discoveries also followed across the Bohai Bay Basin. The Dagang, Liaohe, Huabei, Zhongyuan, and Jidong oilfields were subsequently brought into produc-tion. The research project Exploration Theory and Practice of Multistory Hydrocarbon Accumulation Zones in the Bohai Bay Basin: A Case Study of Complex Fault-Block Oilfields in the Jiyang and Other Depressions was awarded the Special Prize of the State Scientific and Technological Progress Award in 1985.

China enacted the strategic blueprint to “Secure Eastern Output, Pi-oneer Western Frontiers, Advance Both Oil and Gas, and Expand Glob-ally”. Guided by this scientific policy, hydrocarbon exploration in the Tarim Basin commenced in April 1989. Pioneering scientists including Qiu Zhongjian, Tong Xiaoguang, Jia Chengzao, and Sun Longde synthe-sized past lessons and experiences, achieving successive theoretical and technological breakthroughs that ultimately revealed the desert’s subter-ranean secrets. Their efforts led to the discoveries such as the Kela-2 Gas Field (Fig. 1-3) and the Tahe Oilfield. These transformative discoveries in Tarim triggered the launch of the West-East Gas Pipeline Project—a signature infrastructure achievement under China’s Western Develop-ment Program. This inaugurated China’s era of large-scale utilization of natural gas as a clean energy source. The research on Discovery of the Kela-2 Giant Gas Field and Exploration Technologies for Mountainous Ultra-High-Pressure Reservoirs received the First Prize of the State Sci-entific and Technological Progress Award in 2001.
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Fig. 1-3 Kela-2 Gas Field (Courtesy: Tarim Oilfield)





“Oil in Qingyang holds promise”—this prophetic statement by Chairman Mao during the Shaan-Gan-Ning Oil Campaign ignited a de-cades-long quest. To transform hope into reality, generations of Changq-ing petroleum pioneers waged a technological revolution across the 370,000 square kilometers Ordos Basin (Fig. 1-4), conquering low-perme-ability reservoirs through unwavering conviction, relentless dedication, and scientific innovation. Guided by the philosophy of “re-examining the Ordos Basin, re-examining low-permeability challenges, and re-examining our capabilities”, Changqing’s scientists developed integrated exploration technologies tailored to the basin’s unique complexities—including intri-cate gas reservoir controls, highly heterogeneous reservoirs, and adverse surface conditions. These breakthroughs enabled the rapid discovery of the Sulige Giant Gas Field, with related technological achievements re-ceiving the First Prize of the State Scientific and Technological Progress Award in 2002.

By 2020, Changqing Oilfield’s annual output surpassed the 60-mil-lion-tonne oil-equivalent threshold, contributing over 20% of China’s to-tal hydrocarbon production and earning its designation as the “Western Daqing”. This triumph over low-permeability reservoirs has cemented Changqing’s position as the strategic pinnacle of China’s energy produc-tion.


[image: ]
Fig. 1-4 Eco-Friendly Oilfield (Courtesy: Changqing Oilfield)

The “Offshore Daqing” Monument Forged


In 1960, the retrieval of 150 kilograms (kg) crude oil from Yingc-hong Well in Yinggehai, the South China Sea signaled China’s petroleum industry turning toward the vast ocean. On March 26, 1978, the CPC Central Committee approval of foreign cooperation in offshore oil explo-ration transformed the sector into a “offshore special zone”, attracting global oil majors. By 1980, China executed offshore exploration contracts with France and Japan—officially unlocking international collaboration.

February 15 of 1982 witnessed the founding of China National Off-shore Oil Corporation (CNOOC), accelerating offshore exploration under international standards. Leveraging institutional strengths through ardu-ous years, CNOOC developed ten core technological systems, achieving milestone “firsts”, including the first remotely operated vehicle (ROV) operation, the first subsea jumper connection, and the first multifunc-tional hydraulic control.

[image: ]In 2010, CNOOC’s hydrocarbon output surpassed 50 million tonnes—realizing the “Offshore Daqing” vision—before reaching 65 million tonnes by late 2020. Flagship megaprojects like the Haiyang Shi-you (HYSY) 981 deepwater drilling platform (Fig. 1-5) have empowered China’s offshore energy fleet with cutting-edge capabilities, accelerating its march toward the deep blue. The project Development and Applica-tion of Ultra-Deepwater Semi-Submersible Drilling Platforms received the Special Prize of the State Scientific and Technological Progress Award in 2014. Opening-up, win-win cooperation, independent innovation, re-form, and scientific development have empowered CNOOC to conduct oil and gas operations across all global maritime domains.









Fig. 1-5 HYSY 981 Platform (Courtesy: China Oilfield


Services Limited)

The Natural Gas Industry: A Meteoric Ascent


While China’s petroleum production maintained steady growth through the late 20th century, the 21st century has witnessed the natural gas sector’s dramatic rise. Across the Ordos, Sichuan, Tarim, Qaidam, Songliao, and Pearl River Mouth basins, numerous high-yield gas fields commenced development. By 2020, China’s annual natural gas output reached 188.8 billion cubic meters—marking a historic milestone where China National Petroleum Corporation (CNPC)’s gas production com-manded parity with its crude oil output for the first time. Surging in tan-dem with this expansion, peak-shaving capacity from supporting gas stor-age facilities exceeded 10 billion cubic meters. Six major regional peaking centers took shape nationwide, progressively perfecting China’s integrat-ed natural gas production-supply-storage-marketing system.

Through the shale gas revolution, the United States has achieved en-ergy independence, profoundly reshaping global petroleum dynamics. In China, shale formations span marine, terrestrial, and transitional facies with abundant resources, yet face greater extraction challenges due to deeper average burial depths than North American counterparts. Since the 21st century, Chinese shale pioneers have accelerated development. In 2006, PetroChina Southwest Oil & Gasfield Company initiated China’s first shale gas geological assessment and field surveys in Sichuan. Decem-ber 2009 marked a milestone with the spudding of Wei 201—the nation’s inaugural shale gas appraisal well. A breakthrough came in November 2012 when Sinopec Exploration Southern Division drilled Jiaoye 1HF, China’s first marine shale gas well in Fuling, Sichuan. Post-drill testing yielded a high industrial flow of 203,000 cubic meters per day, leading to the establishment of Fuling Gas Field (Fig. 1-6)—China’s largest shale development. The project Efficient Exploration and Development of Fuling Large Marine Shale Gas Field secured the First Prize of the State Scientific and Technological Progress Award in 2017.

The 2016 Shale Gas Development Plan (2016-2020) issued by the National Energy Administration formalized state-directed shale revolu-tion. Through persistent innovation spanning technology importation and R&D breakthroughs, management model advancements, and policy







support frameworks, China developed bespoke shale exploitation theo-ries and technologies adapted to its geology, achieved domestic manufac-turing of core equipment, and established technical standards—enabling commercial-scale development across national demonstration zones: Changning-Weiyuan (Sichuan), Fuling (Chongqing), Zhaotong (Yunnan), and Yan’an (Shaanxi). By 2020, China’s annual shale gas output reached 20 billion cubic meters—ranking second globally.
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Fig. 1-6 Operations at Jiaoshiba Block, Fuling Field (Courtesy: Jianghan Oilfield)
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hough among the earliest civilizations to discover and utilize pe-troleum, China entered the post-1949 era with starkly  underde-veloped refining technology. The world’s inaugural petroleum refinery commenced operations in Romania in August 1857—yet China established only a rudimentary refinery at Yanchang Oil Plant half a cen-tury later, in October 1907. By 1949, national crude processing capacity stood at a mere 116,000 tonnes (including synthetic fuels), yielding just 12 petroleum products. Total output of gasoline, kerosene, and diesel barely reached 35,000 tonnes, forcing over 90% of domestic consumption to

rely on imported “foreign oil”.

Following the establishment of the People’s Republic of China in 1949, rising oil and gas output propelled the refining and chemical in-dustry forward through continuous technology introduction, assimilation and innovation.

During the Three-Year Economic Recovery period (1949-1952), the state prioritized restoring and upgrading the Yumen and Yanchang refin-eries while revitalizing Northeast China’s coal-derived liquids industry. A synthetic fuels base was concurrently established in Maoming, Guang-dong. However, coal-derived liquids proved prohibitively costly compared to conventional petroleum extraction.

In the course of the First Five-Year Plan (1953-1957), China’s first large-scale foreign technology importation (from the Soviet Union) en-abled construction of the nation’s premier modern refinery—Lanzhou Refinery. Its Phase I facility processed 1.2 million tonnes of crude annu-







ally, yielding 16 petroleum products.

During this same period, the state designated Lanzhou region for two facilities—a fertilizer plant and synthetic rubber unit—within the 156 So-viet-aided industrial projects. Construction commenced simultaneously in 1956. Following 1957 CPC Central Committee directives on chemical re-source integration, the plants merged to form Lanzhou Chemical Works. By 1960, it evolved into Lanzhou Petrochemical Corporation—China’s inaugural integrated petrochemical base after commissioning multiple petrochemical and fiber units (Fig. 1-7).

Commencing in 1961, China undertook a three-year technological upgrade of existing refineries. Hou Xianglin, the Ministry of Petroleum Industry (MPI)’s chief refining expert, spearheaded breakthroughs across five critical domains: fluid catalytic cracking (FCC), catalytic reforming, delayed coking, urea dewaxing, plus refining catalysts & petroleum ad-ditives. These transformative achievements—collectively known as the “Five Golden Flowers” of petroleum refining—fundamentally reshaped China’s refining industry. All five technologies were honored with Na-tional Science Conference Award in 1978.

Between 1960 and 1971, under the leadership of the MPI with coor-dinated support from provincial and municipal governments, seven ma-jor refineries were successively established in Maoming, Daqing, Nanjing, Shengli, Dongfanghong, Jingmen, and Changling. This propelled China’s refining industry beyond singular fuel production toward comprehensive petroleum resource utilization and diversified petrochemical manufactur-ing.

To address China’s industrial lag behind Western nations, the State Planning Commission proposed to the State Council in January 1973 the importation of $4.3 billion worth of complete industrial plants within 3-5 years—later known as the historic “43 Program”. This initiative trig-gered China’s second wave of large-scale technology transfers, follow-ing the Soviet-assisted industrial imports during the First Five-Year Plan (1953-1957), with turnkey technologies and equipment procured from the United States, Germany, France, Japan, the Netherlands, Switzerland, and Italy. Leveraging these imported installations alongside domestically
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Fig. 1-7: Large-scale refining complex on the Yellow River bank (Courtesy: Lanzhou Petrochemical)





produced ancillary equipment and materials, China constructed multiple major refining and chemical complexes. This technological leap propelled the nation’s petrochemical industry into a transformative new era.

Synthetic rubber, synthetic fibers, and synthetic plastics—collectively termed the “Three Major Synthetic Materials”—constituted vital strategic commodities and indispensable industrial inputs for national defense and economic development. During the 1970s, China’s combined output of these materials accounted for less than 1% of global production, forc-ing near-total reliance on imports. To rapidly transform this dependency, the state launched concentrated campaigns focused primarily on com-prehensive petroleum utilization. Through phased, targeted initiatives, China developed indigenous technological systems for synthetic material production, forging a distinctly Chinese industrial paradigm. The extraor-dinary breakthrough in polybutadiene rubber synthesis—notable for its substantial economic impact—earned the New Industrial Technology for Polybutadiene Rubber Production the Special Prize of the State Scientific and Technological Progress Award in 1985.

In 1991, Sinopec launched an integrated one-package joint R&D pro-gram, later expanded into the ten-package science initiative—prioritizing ethylene production technology. By the late 1980s, China had developed indigenous cracking furnaces and ethylene separation systems, executing capacity expansions of 20,000 tonnes per year at Fushun Petrochemical and 60,000 tonnes per year at Panjin Petrochemical. This accelerated lo-calization of ethylene facilities while continuing foreign technology adop-tion. Since 2005, CNPC and Sinopec have commissioned twelve ethylene production units, each with annual capacities exceeding 800,000 tonnes. This expansion established China as the world’s second-largest ethylene producer, surpassed only by the United States. Notable recognition in-clude the 2006 State Scientific and Technological Progress Award (Sec-ond Prize) for developing 100,000-tonne cracking furnaces, and the 2015 Special Prize of the State Scientific and Technological Progress Award for innovating eco-efficient aromatics complex technology.

The 21st century witnessed mega-refineries becoming the glob-al norm in petroleum processing. However, constrained by historical







technological dependencies, China initially lacked advanced capabilities for constructing such large-scale complexes. To overcome this, CNPC launched the 10-Million-Tonne Mega-Refinery Integrated Technology Development and Industrial Application initiative. This pioneering pro-gram mobilized a multi-sector collaborative campaign—integrating R&D institutions, universities, production enterprises, and engineering design-ers into a unified innovation ecosystem. By 2015, China had developed 78 proprietary technologies and complete process packages for 10 core mega-refinery units. The integrated optimization system for 10-million-tonne-scale refineries achieved internationally advanced standards.

In October 2012, CNPC’s proprietary Large Ethylene Plant Industri-alization Technology achieved its first industrial application—successful-ly launching a 1.2 million t/y ethylene expansion at Daqing Petrochemi-cal. This milestone marked the emergence of Daqing as China’s inaugural million-tonne-class ethylene production base.

Since the initiation of reform and opening-up, the refining and chem-ical sector has experienced exceptional development.


Rapid Growth of Refining & Chemical Industry


China’s crude oil processing capacity surged from 116,000 t/y in the early post-1949 era to 880 million t/y by 2020. Since 2003, this capacity has consistently ranked second globally for 17 consecutive years. By 2020, China’s ethylene production reached 35.18 million tonnes (world’s sec-ond-largest), while synthetic rubber output led globally for over a decade, and synthetic fiber production maintained its world-leading position for more than twenty years. The sector has embraced intensive, scalable, and digital transformation, with mega-projects becoming commonplace: mil-lion-tonne ethylene units and 10-million-tonne refineries now dominate the landscape, rendering sub-5-million-tonne refineries obsolete. As of late 2020, China operated thirty 10-million-tonne refineries, with integrat-ed refining-chemical complexes proliferating nationwide. Six enterprises have achieved world-class status (20-million-tonne/year capacity), includ-ing Maoming Petrochemical Company (Maoming Petrochemical), Zhen-hai Refining & Chemical Company (Zhenhai Refining), Huizhou Refining & Chemical Company (Huizhou Refining), Zhejiang Petrochemical Co.,





Ltd. (Zhejiang Petrochemical), Dalian Petrochemical Company (Dalian Petrochemical), and Hengli Petrochemical Co., Ltd. (Hengli Petrochemi-cal). This unprecedented industrial scaling has commanded global atten-tion.


Significant Restructuring in Refining-Chemical Layout


Integrated refining-chemical complexes have proliferated nationwide, replacing standalone refineries as industrial parks and mega-bases redefine China’s energy landscape. The era of “refining without chemicals” has ended, with most regions now hosting large-scale integrated enterprises. Seven national petrochemical bases are under strategic development as follows: Dalian Changxingdao (Liaoning), Caojing (Shanghai), Huizhou (Guangdong), Gulei (Fujian), Caofeidian (Hebei), Lianyungang (Jiangsu), and Ningbo (Zhejiang). China’s refining-chemical sector demonstrates continuous structural optimization: high-value products now dominate output, industrial chains extend deeper, and a comprehensive petrochem-ical industrial system has been fully established.


Continuous Enhancement of Fuel Quality


On January 1, 2000, China implemented a nationwide ban on leaded gasoline production. Beginning in 2003, the country completed a his-toric transition from China I to China VI fuel standards in just over a decade—achieving in 15 years what took Western nations three to four decades. China’s current fuel specifications now match advanced glob-al benchmarks, with select metrics surpassing Western counterparts. Re-fineries have significantly upgraded deep-processing and comprehensive utilization capabilities, playing a quadruple role in supporting continuous fuel quality upgrades, enabling efficient processing of diverse domestic/ imported crudes, expanding product portfolios, and securing economic development requirements.


Transformative Advances in Refining & Chemical Technology


Through indigenous innovation, targeted R&D, and strategic assimi-lation of imported know-how, China’s refining technology has progressed from technological following to parallel leadership—and ultimately se-lective global preeminence. The sector now operates at world-advanced





levels overall, with several domains achieving world-leading status. Core proprietary technologies underpinning this evolution consist of heavy oil processing, clean fuel production, high-grade lubricant synthesis, pet-rochemical feedstocks (olefins & aromatics), synthetic materials manu-facturing, and specialty chemical production. China masters full-cycle engineering for modern 10-million-tonne refinery complexes and holds proprietary technologies producing Euro V/VI-equivalent gasoline/ diesel. Breakthroughs span residue conversion, light oil yield enhance-ment, maximized gasoline/aromatics output, aviation fuel optimization, and petrochemical-refining integration. Catalyst production achieves full self-sufficiency, sustaining domestic industry while enabling technology exports—earning international recognition. Major refineries now process more than 160 global crude types, positioning China among the world’s foremost integrated refining powers.


Expanding Global Influence of China’s Refining & Chemical Sector


China’s petroleum industry has executed a strategic pivot from tech-nology importer to global exporter. Fuel exports have surged exponen-tially—from 2.4 million tonnes in 1978 to 39.5 million tonnes of net gas-oline, kerosene, and diesel exports in 2017, cracking the 40-million-tonne mark and reaching over 42 million tonnes in 2018. This positions China as Asia-Pacific’s third-largest net fuel exporter after India and South Ko-rea. Robust two-way trade flows now characterize petrochemical com-merce, with Sinopec and CNPC ranking among the world’s top five For-tune Global 500 companies—advancing toward becoming world-leading clean energy-chemical conglomerates and integrated international energy enterprises. Global majors including Shell, ExxonMobil, BASF, TotalEn-ergies, and SK Innovation are actively expanding their China footprint and strategically positioning themselves in high-end products and indus-tries through joint venture complexes, R&D center establishment, and premium product manufacturing bases.

Concurrently, Chinese enterprises have established substantial global footprints across Central Asia, the Middle East, Africa, Southeast Asia, and Russia through diversified collaborations encompassing engineer-








ing-procurement-construction (EPC) contracts, cross-border labor ser-vices, joint-venture refinery establishments, refinery technology exports, technical retrofit projects, and proprietary process licensing agreements.
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n the nascent years of the People’s Republic, China’s petroleum engi-neering capabilities lagged severely. Drilling rigs, drill bits, drill pipes, tubing, and casings—virtually all critical equipment—relied on im-ports. Domestic manufacturing expertise in oilfield technology scarcely

existed.

Through decades of industrialization, China has transformed this landscape. Today, its petroleum equipment is primarily manufactured do-mestically, achieving international standards of excellence. This self-re-liant capacity not only fully sustains domestic operations but also fuels mass exports worldwide.

In drilling technology, China has achieved breakthroughs in deep-well, high-temperature/high-pressure (HTHP), and deepwater oper-ations—exemplified by drilling Asia’s first ultra-deep well at the Tarim Oilfield. Critical innovations include CNPC’s Near-Bit Geosteering Sys-tem and CNOOC’s Rotary Steerable System with Logging-While-Drilling capabilities, enabling real-time directional adjustments to precisely target hydrocarbon reservoirs.

The achievements honored with top national awards include the 1985 State Scientific and Technological Progress Award (First Prize) for both Jet Drilling Technology Research & Application and the Chengbei







Oilfield Platform Design with Offshore Cluster Drilling Technology; the 1991 First Prize of the same award for Directional & Cluster Well Drill-ing Technology Research; the 1997 First Prizes for both Horizontal Well Drilling Systems and the 6000m Electric Desert Drilling Rig; and the 2009 State Technological Invention Award (Second Prize) for the Near-Bit Geosteering Drilling System & Its Industrial Application.

These advances have conquered extreme challenges—ultra-depth, intense heat, extreme pressure, and formation losses—facilitating major oil/gas field discoveries and pioneering new frontiers in deepwater hydro-carbons, gas hydrates, and shale gas. Today, Chinese drilling teams operate across five continents, delivering services globally.

In geophysical exploration, BGP Inc. (CNPC’s geophysical subsidi-ary) has revolutionized the sector with its proprietary GeoEast software system, entirely eliminating historical import dependencies. The compa-ny independently developed 10,000-channel seismographs, high-capacity vibroseis vehicles, and comprehensive geophysical software suites. Pio-neering technologies now deployed include complex mountainous ter-rain seismic surveying, “wide-azimuth, wide-band, high-density” seis-mic acquisition, carbonate and igneous rock imaging, deepwater seismic exploration, unconventional reservoir characterization, vertical seismic profiling, and integrated geophysical-geochemical prospecting. These in-novations position China’s petroleum geophysical capabilities within the global first tier.

Seminal accomplishments recognized with the nation’s top honors include the 1985 State Scientific and Technological Progress Award (First Prize) for Digital Seismic Exploration Technology: Application and De-velopment; and the 1987 First Prize of the same award for both New Seismic Exploration Technologies in the Tarim and Junggar Basin Des-erts and the Galaxy Seismic Data Processing System.

Within well-logging technology, CNPC’s CPLog rapid imaging log-ging systems and LEAD integrated logging processing-interpretation software stand as pivotal breakthroughs. The next-generation multi-well evaluation platform CIFLog2.0 revolutionizes workflows through its lay-ered component architecture, establishing a unified data layer for multi-







source heterogeneous well data while deploying a comprehensive 2D plot-ting framework with graphical component libraries for all log types. Its 3D visualization engine enables multi-well project display capabilities, en-hanced by intelligent perception algorithms, non-linear multidimension-al crossplotting, and asymmetric point-to-point interactive correlation. These innovations coalesce into a fully interactive, stable, and extensi-ble logging foundation platform that achieves transformative progres-sion from single-well analysis to integrated reservoir characterization—delivering critical technical support for high-risk exploration programs. Concurrently, significant advances have materialized in log interpretation theories, methods, and field applications for acidic volcanic formations, identification and evaluation techniques for low-resistivity oil/gas reser-voirs, and perforation technologies tailored to complex well architectures.

[image: ]In downhole operations, the breakthrough development of 1000-HHP integrated fracturing packages has bridged a critical domestic technological gap (Fig. 1-8). Concurrently, volumetric fracturing, acid fracturing, well testing,

workover operations, perforation techniques, pressure-controlled in-terventions, and forma-tion testing technologies have advanced toward





higher-tier applications,

Fig. 1-8 Large-scale fracturing operation (Courtesy: Tarim Oilfield)


driving significant gains in operational efficiency and economic returns. These innovations become the golden keys enabling cost-effective devel-opment of ultra-low permeability reservoirs, shale gas, and shale oil—unlocking the threshold to Changqing Oilfield’s 60-million-tonne annual hydrocarbon output and establishing the Sichuan Basin’s 20-billion-cu-bic-meter shale gas production capacity per year. The Key Technologies for Multi-Stage Fracturing Stimulation in Horizontal Wells and Industri-al-Scale Application earned the 2012 State Scientific and Technological Progress Award (First Prize).

In pipeline engineering, China now leads global frontiers in construc-





tion techniques and materials. The monumental West-East Gas Pipeline project—particularly its pioneering application of X70/X80 high-grade steel pipes—showcases China’s world-class pipeline capabilities (Fig. 1-9). The Central Asia Gas Pipeline has become the world’s longest transna-tional gas transmission system, while the China-Russia Gas Pipeline epit-omizes the convergence of China’s most advanced pipeline technologies. The Bohai Yuedong Oilfield subsea pipeline marks the nation’s decisive

[image: ]expansion into subsea domains. By 2020, China added 5,081 kilometers of new oil/gas pipelines, elevating the national network to 144,000 kilome-ters—forging an integrated framework of east-west arteries and north-south corridors that blankets the nation and




Fig. 1-9 Pipeline construction site (Source: The

West-East Pipeline Annals)


extends globally.


Groundbreaking innovations honored with top national awards in-clude the 1996 State Scientific and Technological Progress Award (First Prize) for Tarim Desert Highway Engineering Technology Research; the 2010 First Prize of the same award for West-East Gas Pipeline Engineer-ing Technology & Application; and 2014 First Prize for Critical Technol-ogies for National Oil/Gas Strategic Corridor Construction & Operation.

China’s petroleum and petrochemical equipment manufacturing ca-pabilities have surged dramatically across both state-owned conglomer-ates and burgeoning private enterprises. Independent production, inno-vative R&D, intelligent manufacturing systems, and branded solutions now constitute core strengths of domestic manufacturers. The sector has completed a decisive pivot from import dependency to comprehensive self-sufficiency—while simultaneously becoming a major global export-er. Flagship achievements including 10,000-meter ultra-deep drilling rigs, 1.2-million-tonne ethylene crackers, and 3,000-tonne slurry-bed hydroc-racking


























































































Characteristic 1: Ascending the Scientific Staircase















Characteristic 2: Stellar Scientific Achievements















Characteristic 3: Flourishing Collective of Expertise




Characteristic 4: Resilient Technological Capabilities











Part Two Energy Expansion: From Do-mestic Breakthroughs to Global Partner-ships









































1.  Continental Petroleum Generation Theory












































2.  Discovery of the Daqing Oilfield





































3.  Three Wells That Settled the Fate
















4.  The Daqing Oil Campaign
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