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Abstract
In recent years, there has been no increase in domestic steel production, and no large-

scale furnace construction work associated with the construction of new facilities. However, 
blast furnaces and coke ovens have reached the end of their service life. For this reason, 
securing the labor for furnace construction is an important issue, and alarms have been 
sounded about the shortage of the labor for furnace construction. In this report, the situa-
tion of furnace construction work since 2008 is described.

1.	 Introduction
Presently large blast furnaces or coke ovens are not constructed 

in Japan for capacity increase of ironmaking processes, but many of 
the blast furnaces, hot stoves, coke ovens, etc. in the country have 
been kept in operation through various life extension measures. 
Now they are nearing the end of their service life, and as a conse-
quence, large reconstruction works such as the relining of blast fur-
naces and pad-up of coke ovens are under way, and their number is 
increasing. Since such works lead to a decrease in iron production in 
most cases, a short work period is strongly required. In this situa-
tion, securing the labor for furnace construction, especially that for 
brick laying work, is an important issue. Besides these large furnac-
es, on the other hand, at the plant floors of the steel industry, espe-
cially of steelmaking plants, refractories are constructed and re-
paired in comparatively shorter intervals of days or weeks for hot 
metal pretreatment facilities, converters, secondary refining furnac-
es, ladles, etc., and securing the labor for these works is another ma-
jor issue.

There have been study reports on the measures against the short-
age of furnace building workers, 1, 2) and measures have been pro-
posed to improve the situation; such include the review of wages, 
improvement of the work environment, enhancement of the systems, 
facilities and supports for training, technical development, introduc-
tion of foreign workers, and work scheduling to avoid overlapping 
of works, but not all of them have actually been brought into action 
to solve the problems. This paper overviews the present situation of 
the labor market of furnace construction from these aspects.

2.	 Latest Changes in Labor Market of Furnace Con-
struction

2.1	Age distribution of furnace construction workers
A paper in No. 388 of the Shinnittetsu Giho (No. 98 of the Eng-

lish version) pointed out aging as one of the most serious problems 
of the labor market of furnace construction in Japan. Figure 1 
shows the change in the age distribution of the workers over the last 
ten years, approximately, obtained through hearings with three main 
furnace constructors acting in Nippon Steel Corporation’s works; 
the bars represent the percentages of different age groups to the total 
number of the refractory workers in 2008. Whereas the number of 
experienced and skilled workers in their 40s was smallest in 2008, 
thanks to the efforts of the companies to recruit young furnace 
workers, the poorly-balanced age distribution in the past seems to 
have been improved by 2019: the past age distribution biased to-
ward higher ages has been adjusted by active recruitment of young 
people, and the companies now tend to keep experienced workers of 
higher ages to maintain the skill level. The total number of workers 
has increased by more than 20% during the period in response to the 
increased work volume.
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Fig. 1   Age distribution of furnace construction workers
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2.2	Change in number of examinees for furnace technician test
I investigated the change in the number of the examinees for the 

Furnace Technician Test, a test for a governmental qualification, as 
an indicator of the upskilling of furnace construction workers. Fig-
ure 2 shows the changes in the total number of examinees in the 
whole country and the pass rates. The qualification of furnace build-
ers is divided into Levels 1 and 2. After the last relaxation of exam-
inees’ eligibility in 2004, those who have experience of real refrac-
tory work for 2 years (3 years before the relaxation) can apply for 
Level 2, those who have experience for 7 years (12 years before) for 
Level 1, and those who hold the Level 2 qualification for 2 years (5 
years before) for Level 1. Presumably because of the relaxation, the 
number of the examinees increased rapidly by roughly 50 in 2004 
from 160 to 170 in previous years. The number of the examinees 
continued to increase thereafter either for Level 1 or Level 2, and 
lately, the total number is around 400 every year.

The pass rate, on the other hand, fell temporarily after the eligi-
bility relaxation, but it improved gradually, and the number of suc-
cessful examinees has increased, but the pass rate has remained 
around 60% for Level 1, and around 70% for Level 2. It has to be 
noted, however, that all the examinees of the Furnace Technician 
Test are not refractory workers only for the steel industry, but those 
for the furnaces of the glass and the cement industries and incinera-
tion furnaces are also included.
2.3	Summary

It would not be altogether appropriate to say, based on the above 
change in the age distribution and that of the examinees of the Fur-
nace Technician Test, that the training of the refractory workforce 
for the steel industry is progressing well. The furnace construction 
companies, however, have increased efforts to raise the skill level of 
their employees, not only through on-the-job training, but also by 
setting up training facilities for their employees in consideration of 
daily refractory maintenance work as well as the construction of 
large furnaces, and offering a wage increase when employees obtain 
relevant qualifications.

3.	 Development of Furnace Construction Technology
3.1	Patent applications

I investigated patent applications to clarify the latest trend of 
technical development in the field of furnace construction. Figure 3 
shows the number of patent applications in Japan of technologies 
related to different types of furnaces every year; they were searched 
using the key words of “furnace construction related to the steel in-
dustry.” It is understood from the graph that the development of the 
use of unshaped refractories for the steel industry was actively pro-
moted during the 1980s and 90s aiming mainly at labor saving and 
focusing mainly on the reaction vessels for steelmaking processes. 3) 
The patent applications decreased in and after 2000, and no con-
spicuous trends were seen in the early 2000s, but those related to 
ironmaking furnaces, especially coke ovens, have been increasing 
over the last few years. This is presumably because, different from 
the steelmaking furnaces, for which unshaped refractories have 
come to be widely used, brick structure remained in large and long-
working ironmaking furnaces such as coke ovens, hot blast stoves 
and blast furnaces, brick laying work accounts for most of their re-
pair and construction works, the shortage of brick laying labor is ex-
pected to occur as a serious problem, and technical development for 
labor saving by mechanizing the brick laying work is being actively 
pursued. Targets of the technical development include the use of ro-
bots, 4) and wider application of prefabricated refractory panels and 
blocks. 5)

3.2	Current problems of furnace construction work
As stated in the above sub-section, to solve the problems of re-

fractory work, wider use of unshaped refractories, with which it is 
easier to introduce machines for labor saving, was actively promot-
ed for steelmaking facilities, and presently, unshaped refractories 
account for 60 to 70% of the refractory consumption in those pro-
cesses, but the increase in their use has slowed down recently, main-
ly because brick lining is applied to furnace portions where durabili-
ty is essential, and manual brick laying still remains.

Since brick laying work is a heavily muscular exercise, it is dif-
ficult to introduce female labor. As a solution, power assist robots, 
which are being introduced to the nursing and personal care estab-
lishments, have been used for trial purposes, 6) but workability with 

Fig. 2   Change in the number of furnace technician examinees
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them was not as good as was expected, and the use of such robots as 
well as the introduction of female labor to brick laying work will 
still take a long time to realize.

The five-day week system has expanded under the Work System 
Reform, the change from past working conventions under govern-
ment advocacy, and as a result, it has become difficult for the civil 
engineering and construction industry to secure a sufficient number 
of workers, and the same problem is being strongly felt in the field 
of furnace construction.

4.	 Closing
The present paper has reviewed the trends and changes of fur-

nace building work since the previous report of this technical report. 
As a result of common understanding of the problems between fur-
nace builders and steelmakers and improvement of the work envi-
ronment (dust suppression measures, elimination of hazardous ma-
terials restricted by regulations, etc.), some improvements have been 
achieved regarding the furnace builders’ recruitment, training and 
retention of refractory technicians. However, the turnover ratio still 
remains high, and retention of refractory labor is expected to be-

come increasingly difficult as the Work System Reform further ad-
vances. In this situation it is desired that steelmakers, furnace build-
ers, refractory manufacturers and engineering companies work in 
close cooperation to develop new technologies to mechanize the 
furnace building work of brick laying, or even to devise new refrac-
tory structures to allow departure from the conventional brick struc-
ture of furnaces, ovens and reaction vessels. All the people related to 
the steel industry are required to cooperate so that such technologies 
are brought into reality, and the furnace building in the steel industry 
becomes a more attractive work venue.
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