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he desire to improve energy efficiency
is one of the major driving forces in

home appliances, transportation,
building as well as in oil and gas
industries. There are plenty of

insulation materials available in the market today.
In addition to fibreglass, mineral wool, cellulose
and polystyrene, insulator can also be made from
polyurethane foams. In household refrigerators,
the performance of polyurethane foam insulation
contributes greatly to the appliance’s overall
energy efficiency. Thermal conductivity value is
an important parameter for insulation materials.
The thermal conductivity value (K-factor) of
polyurethane foam is between 0.02 and 0.03
W/m K, which is almost twice lower than that
of other insulation materials such as extruded
polystyrene, expanded polystyrene, glass, or
mineral wool (Szycher, 1999; Kuranska et al., 2016).
Rigid polyurethane foams (RPUF) are found to
be among the most suitable types of foams for
insulation application. Over the years, RPUF have
been produced from petroleum-based polyol.
Recently, MPOB studies have proven that low
density (less than 30 kg m?) of RPUF could also be
produced using palm-based polyols. Polyol from
renewable resources such as palm oil has become
an alternative to petroleum. In addition, there has
been a considerable increase in the demand for
high bio-based materials in insulation foams. Thus,
there is a need to develop low density palm-based
RPUF, particularly for insulation purposes. This
technology involves the preparation of RPUF that
meets the requirements of low density insulation
foam.
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METHODOLOGY

Generally, the technical process for preparing
RPUF involves three main steps, as illustrated
in Figure 1. A low density RPUF prepared from a
palm-based polyol is shown in Figure 2.

Figure 2. Palm-based low density rigid polyurethane foams (RPUF).

NOVELTY OF THE PRODUCT
Bio-based products

Development of polyols from renewable resources
such as vegetables oil, is widely reported by
researchers due to environmental awareness. A
breakthrough synthesis of palm olein-based polyol
has been patented by MPOB (Hazimah et al., 2011).
The present invention relates to the preparation
of RPUF from palm-based polyol namely, Pioneer
G-360.

Curing (~5 min) and
demould RPUF

Figqure 1. General process of preparing rigid polyurethane foams (RPUF).
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Environmentally blowing agent

Production of RPUF uses environmental-friendly
blowing agent to substitute chlorofluorocarbon
(CEC) blowing agents that have been banned
since 1996. CFC is known to contribute to the
depletion of the stratospheric ozone layer (Lim et
al., 2010; Kim et al., 2014). Thus, this technology
has been developed using a non-ozone depleting
compound.

Low thermal conductivity

Incorporation of palm olein-based polyol as a
proportionate replacement of petroleum-based
polyol in the formulation is able to produce
RPUF with a low K-factor (0.02 W/m K). Thermal
conductivity value of RPUF produced is classified
as insulation material according to ASTM C 518
and EN 253.
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ECONOMIC ANALYSIS

Estimated capital investment (CAPEX) of
RM 550 000 and average operating expenditure
(OPEX) of RM 2.75 million are calculated based on
a production capacity of 50 000 PU unit yr:

Economic analysis Value
Net present value (NPV) @ 10%, RM 1.1 million
Internal rate of return (IRR), % 32
Discounted payback period, years 4

Discounted benefit cost ratio (B:C) 1.28

CONCLUSION

Insulation material from palm-based polyol with
lower thermal conductivity value offered a better
alternative to the commercial insulation products.
The bio-based polyol in this study was produced
from renewable and sustainable raw materials.
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