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a b s t r a c t

Environmentally conscious manufacturing (ECM) has become an important strategy and proactive
approach for the iron and steel sector of India to produce environment friendly and to reduce
manufacturing cost. There are several environmentally conscious manufacturing indicators to evaluate
ECM programs. Among those indicators, energy consumption and greenhouse (GHG) emission may be
considered critical environmentally conscious manufacturing indicators (CECMI) for Indian iron and steel
sector. This paper focuses on forecasting energy consumption and GHG emission for a pig iron
manufacturing organization of India because the managers are interested to know the current and future
trends of these indicators for better environmental policy. For forecasting purpose, autoregressive in-
tegrated moving average (ARIMA) is applied to reveal that ARIMA (1,0,0) � (0,1,1) is the best fitted model
for energy consumption. Regarding GHG emission, ARIMA (0,1,4) � (0,1,1) is the best fitted model. In both
cases, the forecasts resemble those of the seasonal random trend model, however they appear smoother
because the seasonal pattern and the trend are efficiently averaged for energy consumption and as well
as GHG emission. Selection of the correct ARIMA models for these indicators will help in accurate
forecasting in order to achieve better environmental management practice.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

The importance of the environmentally conscious
manufacturing (ECM) programs has been rising at the international
level in recent years to prevent global warming and climate change
[1]. As manufacturing plays an indispensible role within the global
economy, ECM programs may be considered as global agenda to
enhance green image [2]. ECM is an economically driven, system-
level integrated approach basically to reduce energy consumption
and GHG emission [3]. ECM programs enable green manufacturing
which is recognized a key strategy for sustainable development of
the manufacturing enterprises [4]. The concept may incorporate
several strategies among which energy conservation and green-
house gas (GHG) emission reduction are highlighted by several
researchers [5].

In India, industrial sectors use fossil fuels like coal, petroleum

and natural gas to emit a significant amount of GHGs among all
end-use sectors. The pressure to minimize carbon footprint may
become more significant in near future due to the increasing price
of energy, increasing demand of energy and the regulations
imposed by the government [6]. While using the available energy
more efficiently is an appropriate decision to increasing energy
demands and unsecure energy supplies, adoption of modern
emerging pollution control technologies may control GHG emission
[7]. In order to meet the environmental regulations for selling
products, Indian manufacturing firms implement strategies to
voluntarily reduce the environmental impacts of their products [8].
In order to assess the life cycle of the manufactured products, In-
dian manufacturers adopt a cradle-to-grave approach (i.e. how
much energy is expended or GHG is emitted for unit product
manufacturing) rather than just looking at the product or process
individually [9]. To minimize the environmental impacts, predic-
tion of the critical environmentally conscious manufacturing in-
dicators (CECMI) is essential [10]. Different types of mathematical
modelling have been proposed by the researchers for forecasting
different CECMIs like energy consumption and GHG emission [11].
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Prediction of energy consumption and GHG emission help
manufacturing organizations by making better environmental
management system because proper precautions may be taken in
advance to improve environmental performance [12].

Among all the manufacturing sectors, iron and steel sector
largely affects the environment as it consumes significant energy to
discharge several GHGs in the atmosphere [13]. In case of iron and
steel manufacturing, even more than half of the input mass is
converted into outputs in the form of exhaust gases, wastes and
different by-products. Since iron and steel industry is one of the
most energy intensive industries, it accounts a significant amount
of percentage of total global emissions [14]. Iron and steel in-
dustries in India also produce massive amount of wastes [15]. Solid
wastes can be recycled to reduce the consumption of rawmaterials;
however energy consumption and GHG emission are two un-
avoidable parameters that significantly affect the environment.
Hence, energy consumption and GHG emission may be considered
CECMIs for the iron and steel sector. These two parameters are also
considered by several researchers while dealing with the envi-
ronmental problems of iron and steel sector [16]. Prediction of
energy consumption and GHG emission may benefit these in-
dustries to take proper initiatives to control energy consumption
and GHG emission in advance. However, accurate prediction is
possible when correct forecasting method is chosen [17].

This paper implements autoregressive integrated moving
average (ARIMA) model to forecast energy consumption and GHG
emission due to its richer information on time related changes than
the other similar methods like moving average, multiple regression
models, exponential smoothing and neural network [18]. It is very
popular in the field of forecasting energy consumption and GHG
emission because of its flexibility and orderly searching at each
stage (identification, estimation and diagnostic check) for an
appropriate model [19]. In the current research work, monthly
energy consumption and GHG emission data of an Indian pig iron
manufacturing organization (a process industry where there is no
concept of unit manufacturing) are used as input data for the
ARIMA model. This paper also discusses the usefulness and limi-
tations of ARIMAmodel for forecasting purpose. Information about
rest of the paper is organized as follows. Literature review is dis-
cussed in Section 2. Study methodology is provided in Section 3.
Results and discussion is illustrated in Section 4. Finally, the
conclusion section is described in Section 5.

2. Literature review

Several researchers have highlighted the importance of energy
and GHG emission modeling [20,21]. Many of them choose ARIMA
for time seriesmodelling of energy consumption and GHG emission
so that these indicators may be predicted in advance. In case of time
series data, ARIMA has the advantage over the other similar
methods by determining the proper model to best fit the respective
time series. For normal and uncorrelated conditions ARIMA model
has a constant mean and the fluctuation may take place around the
mean. If the observations are correlated, then the correlation na-
ture and mean drift are illustrated by either deterministic or sto-
chastic disturbances. Deterministic disturbances are characterized
by step shifts in the process mean. However, stochastic distur-
bances are random in nature and might be stationary (if process
observations vary around a fixed meanwith a constant variance) or
non-stationary (if process observations do not vary around a fixed
mean and do not have a constant variance). Stochastic difference
equation can be used to forecast one-step-ahead disturbances by
choosing ARIMA as highlighted by the researchers [22].

Ediger and Akar implement ARIMA to forecast primary energy
demand of different fuels in Turkey to recommend the nature of

energy policy [23]. While Liu et al. apply ARIMA to save energy in
information collection [24], Mohamed and Bodger implement
ARIMA to forecast electricity consumption in New Zealand using
economic and demographic variables [25]. Abdel-Aal and Al-Garni
forecast monthly electric energy consumption in the eastern part of
Saudi Arabia [26]. Saab et al. also consider ARIMA to model and
forecast electricity consumption as it is the major source of energy
in Lebanon [27]. Albayrak forecast primary energy production and
consumption in Turkey for a long time period using ARIMA [28].
Yeboah et al. perform a literature survey regarding forecasting
aggregate and disaggregate energy consumption using ARIMA
models. These literature actually address the advantage of imple-
menting ARIMA in energy forecasting through the consideration of
autoregressive and moving average models simultaneously. Hence,
they can control the noise elements and seasonality effectively for
more accurate prediction of energy consumption compared to only
autoregressive or only moving average models [22].

GHG emission forecasting is another important dimension
which may use ARIMA as has been addressed by different re-
searchers [29]. GHGs of iron and steel sector include carbon dioxide
(CO2), sulpher oxides (SOx) and nitrogen oxides (NOx). While SOx

constitutes of all sulpher oxides including sulpher dioxide (SO2)
and sulpher trioxide (SO3), NOx refers to all oxides of nitrogen
except nitrous oxide (N2O). Carbon monoxide also may be consid-
ered as a GHG for iron and steel sector as it has a global warming
potential (GWP) around 7 considering a time horizon of 20 years
[30]. Ang et al. apply ARIMA to project CO2 emissions in Malaysia
[31]. Silva also integrates ARIMA to forecast for energy-related CO2
emissions in the United States [32]. Liu et al. apply ARIMA and focus
on the essence to reduce GHG emission for China [33]. Lotfalipour
et al. predict CO2 emissions in Iran using ARIMA model [34].
However, modelling of SOx and NOx has not been proposed by the
researchers and practitioners as these GHGs have negative GWPs
and may vary highly as per regions [35].

Though most of the researchers prefer ARIMA to forecast, the
limitations of ARIMA are also pointed out. The most important
limitation of ARIMA is that it requires a long data series. Most of the
researchers propose at least 50 observations for an ARIMA model
which may not be possible very often. Some researchers find that
regression model provides higher efficiency to forecast GHG
emission as compared to ARIMAmodel in case of small sample size
[36]. Apart from these factors, the forecasting objective is another
important condition which must be taken care of. It is found that
ARIMA is quite suitable for short term forecasting rather than long
term forecasting. However, if long data series is available and the
objective is short term forecasting, ARIMA has become successful to
accurately forecast energy consumption and GHG emission. Previ-
ous researchworks do not focus on short term forecasting of energy
consumption and GHG emission for a specific manufacturing or-
ganization, creating a research gap. Hence, how to select the best
ARIMA model to forecast energy consumption and GHG emission
for a particular manufacturing organization may be considered an
area of research. The novelty of the current research work lies in its
methodology and managerial implications. Energy managers look
for short term forecasting because almost every year energy and
pollution control technology is upgraded for continuous improve-
ment. This researchwork helps the energymanagers to identify the
best possible ARIMA model for short term forecasting.

3. Study methodology

In this section, study methodology of ARIMA is described. This
study methodology is a systematic way to choose the best possible
ARIMAmodels for forecasting. ARIMAmodels are univariate as they
use only the history of the time series in order to express how the
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