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When computers became commercially available in 
the 1950s, they were quickly introduced for the operation 
of large-scale plants. The first computers were installed in 
a petrochemical plant and a thermal power plant in 1957, 
marking the start of the convergence of plant operation and 
information technology (IT). Although the early computers 
had some problems regarding robustness and real-time 
nature, such issues were solved by improving the hardware 
and software. Following this, process computers became 
popular for plant operation in the 1960s. In the 1970s, the 
microprocessor was developed, and this led to the development 
of the DCS for plant operation, which then spread throughout 
the industry.

Artificial intelligence (AI) was also born in the 1950s and 
attracted great attention in the second AI boom in the 1980s. 
Related R&D focused on expert systems, and active efforts 
were made to introduce AI into plant operation. However, 
the computers of the time were far too primitive in terms of 
calculation, memory capacity, and transmission. Algorithms 
were also embryonic and able to serve only in restricted 
applications. Since satisfactory results could not be obtained, 
the so-called “winter of AI” started in the late 1980s and 
lasted for a long time.

Thanks to the development of big data and deep learning 
technologies, the third AI boom started around 2010. In 
March 2016, AlphaGo, a computer program written to play the 
board game Go, beat the world’s top human player, attracting 
worldwide publicity. This rapid development was achieved by 
the concurrent progress of hardware and algorithms. The scale 
of integration of semiconductors accelerated in accordance 
with Moore’s Law while prices steadily decreased. Storage 
devices have also become more affordable. Thirty-five years 
ago, hard disks cost 10 million yen per gigabyte, but today 
the unit price has plunged to only 2 yen. This enables huge 
volumes of data to be stored. CPU processing speeds have also 
improved greatly: today’s iPhone is at least 1000 times faster 
than the Cray-2 supercomputer in 1985. Algorithms have 
become more sophisticated even more quickly than hardware. 
Thanks to var ious breakthroughs and improvements, 

algorithms can now handle previously intractable tasks even 
though the basic structure has changed little since many years 
ago. The capability of AI now exceeds human beings in some 
areas.

In the fields of plant operation and chemical engineering, 
big data and AI have long attracted keen interest. As evidence, 
the American Institute of Chemical Engineers (AIChE) 
published special issues on big data in 2016 and on AI in 
2018. Many people have been working on applying big 
data, AI, and the Internet of Things (IoT) in plant operation 
and have achieved impressive results. These include image 
recognition for visual inspection of products, facility diagnosis 
to determine the status, trend diagnosis to detect signs of 
abnormality, and prediction of quality variables that are not 
measured online. Initially, IT was used in an open loop that 
only displayed the results to human operators, but is now 
increasingly used in a closed loop. IT in plant operation has 
entered a new phase.

As the use of AI spreads in many areas, var ious 
challenges have emerged. In particular, the following three 
problems must be solved in order to apply AI to the operation 
of chemical plants. First is a problem inherent to AI: the 
lack of explanation. In clustering or regression analysis, 
AI first learns explanatory variables as well as objective 
variables as training data and creates a model. When new data 
(explanatory variables) are given, AI uses this model to return 
corresponding objective variables. However, AI usually gives 
no explanation of how it reached this conclusion. Of course, 
detailed reasons may not be needed, but typically, human 
operators do not believe an answer if they are not convinced. 
This is true for plant operation. Even if AI recommends the 
optimum operation, human operators may not blindly follow 
the recommendation unless they are presented with clear 
reasons. AI researchers take this matter seriously and are 
working on explainable AI (XAI), but satisfactory results have 
yet to be obtained (1).

The second challenge is the sparseness of data. Although 
it may seem that large amounts of operational data are 
accumulated and available in plants, in fact process plants 
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operate in the steady state and operational data f luctuate 
within a narrow range, and thus stored data do not always 
ref lect various operating conditions. Training samples for 
abnormal situations are essential to build a fault detection 
and diagnosis system but are not yet available. Moreover, 
some important variables are rarely measured because most 
variables are measured for control, not for maintenance. In 
addition, many data such as those regarding product quality 
are sampled by human workers during a limited number of 
patrol checks. Therefore, the key data are surprisingly scarce.

One solution is the appropriate use of physical models and 
simulators, which can generate data even in domains where no 
data have been obtained, enabling existing AI methods to be 
applied. Another solution is to use AI technology. Currently, 
sparse modeling and transfer learning are actively being 
studied to overcome the scarcity of data (2).

The third challenge is how to secure knowledgeable 
people. Even IT specialists cannot easily make full use of the 
data unless they have an extensive knowledge of chemical 
engineering and target plants. Useful results will be obtained 
only when those familiar with the process learn about AI and 
then tackle actual problems. In the early stages, those who 
know the plant well should distinguish between what can and 
cannot be done, and then proceed with the process.

Although about 60 years have passed since plant 
operation and IT started to merge, it was difficult to combine 
IT and operational technology (OT) because they had evolved 
independently. Thanks to the development of the Industrial 
Internet of Things (IIoT), it has become easier to unite both 
technologies, facilitating the embodiment of cyber physical 
systems (CPS). The role of IT is becoming crucial as AI 
progresses. Built on the IIoT, digital transformation (DX) will 
take place in plant operation. Solving the three challenges 
outlined above is indispensable to facilitate this transformation.

As AI and the IoT become widely used in plant operation, 
the role of human workers will change. They will not become 
redundant; on the contrary, they will become even more 
necessary. Thus, it is crucial to develop human resources 
who have extensive knowledge and skills about both plant 
operation and IT, to open the way to a new era and resolve 
various challenges.
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