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Abstract

Improving energy efficiency in energy-intensive industries, including tire manufacturing, plays an important role in re-
ducing energy consumption and operating costs. This study presents a comparative energy assessment of pneumatic and
hydraulic actuation systems for two industrial units in the Banbury section of a tire manufacturing plant, namely the Pusher
Roller Die jack and the Banbury Ram. The assessment was conducted using thermodynamic and mechanical calculations,
determination of compressed-air consumption and flow rate, estimation of the required hydraulic power, and field meas-
urements of electrical power using a power analyzer under actual production-line operating conditions. The results showed
that, for the Pusher Roller Die, the annual electrical energy consumption of the pneumatic system was approximately
113.1 MWh, whereas the corresponding consumption of the hydraulic system was about 52.7 MWh. Therefore, replacing
the pneumatic system with a hydraulic unit could provide an annual energy saving of approximately 60.4 MWh, corre-
sponding to about 53.4%. In contrast, for the Banbury Ram, the annual energy consumption of the pneumatic system was
estimated at approximately 395.5 MWh, while the equivalent hydraulic system consumed about 446.8 MWh, indicating
an increase of approximately 13% in electrical energy consumption. These findings demonstrate that the energy advantage
of pneumatic or hydraulic actuation is strongly dependent on the actuator dimensions, operating pressure, required force,
duty cycle, operating duration, number of reciprocating cycles, and system losses. Therefore, replacing pneumatic actua-
tors with hydraulic systems cannot be considered a universally energy-efficient solution and should instead be evaluated
on a case-by-case basis according to the actual operating conditions. Furthermore, the field measurements showed good
agreement with the trends predicted by the theoretical analysis.

Keywords: Pusher Roller Die, Banbury Ram, Electrical Energy Savings, Pneumatic Jack Replacement, Rub-

ber Industry
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