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Abstract
Despite recent efforts to reduce the growth of greenhouse gas emissions (GHGs) at the national level, the
negative environmental impacts of GHGs are likely to increase more in the future, especially at the level of the
company. This paper presents an extension to current integrated management efforts with traditional assessments
to improve current situations. The extension can be used to determine strategies of cost-effectiveness to control
emissions and achieve environmental goals in reducing concentrations of GHGs. Methods developed to
demonstrate significant cost savings in companies and sectors are command and control (CAC), and innovation;
these instruments can contribute to the allocation of emission controls when market instruments do not fully
work. To achieve further GHG emission reductions, improvements to behavioural change regarding the use of
energy are an emerging area of research that has significant implications for policy. There is increasing evidence
that human behaviour has been producing environmental problems. This paper introduces elements and
interventions that could affect that behaviour. Governments and businesses have agreed that there is a need for
more emphasis on proper assessment of behavioural change interventions. Therefore, increasing efficiency and
reducing barriers within marginal abatement cost curves (MACCs) has improved the results for the management
of abatement energy and emissions at firm level.
Keywords: command and control, innovation, behaviours change, efficiency and MACC barriers
1. Introduction
There are many pressures on companies to measure and manage their emissions of GHG not only from
regulators, but also from the market. Many clients and investors are interested in not harming the environment
and not just by buying products and obtaining services that have minimal effects on GHGs, but may even be
motivated to boycott firms that do not reduce emissions of GHGs on their own (Pachauri, 2001).
There are a number of opportunities available to support the effective quantification and verification of GHG
emissions. Organisations can take the necessary measures to achieve these opportunities to improve
understanding of potential impacts of GHGs while providing a sound basis for GHGs management strategies in
the future (Bryan & Savitz, 2011). Science and advanced technologies are needed to reliably measure GHG
emissions, regardless of geography, sector, or source (Reiner, Liang, Sun, Zhu, & Li, 2007).
In 1992 the first environment management system standard was created and called British Standard 7750
(Kirchenstein & Jump, 2006). It was followed by an international environment management system standard
(ISO14000). This standard has a series of international standards in environmental management. ISO 14000 has
provided a framework for the development of the system and underpinning audit program. Also, ISO has
developed 14064, a standard for accounting for GHGs (ISO standard on accounting for GHG emissions).
Organisations need to deem the advantage of utilising both standards as a means of achieving their goals of
environmental management, and they need access to objective external audit evidence to achieve these goals
(Jackson, 1997; Omer, 2008).
Understanding technology, science and methods are increasingly important in supporting climate programs,
improving public understanding of climate change and its potential impacts, and creating a solid base for
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mitigation measures in the future (Baker, Chon, & Keisler, 2009; Bryan & Savitz, 2011). On a larger scale, this
requires a variety of measuring and monitoring methodologies that can be applied to a range of sources to be
used in different geographical regions and economic sectors (Almihoub, Mula, & Rahman, 2013; Lemon, Chave,
Lampa, Fissel, & Buermans, 2004). There will be a need for information technology infrastructure and support
programs to provide acceptable accuracy of results at a reasonable cost (Wexelblat & Srinivasan, 1999).
In climate change studies, another important issue is the influence of technological change on abatement costs,
as indicated in the work of Gillingham, Newell, and Pizer (2008), Clarke et al. (2008), and Weyant (1993).
Technological changes play important roles in mitigation of GHGs. These reflect energy efficiency efforts in
sectors to help cut business costs, reduce dependency on energy imports and abate GHG emissions (Böhm &
GmbH, 2006). The Figure (1) illustrates the program used by firms to manage instruments and human
behaviours change to achieve energy efficiency as well as emission reduction.
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Behaviour Chenges
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Figure 1. Program development under the instruments oriented approach
Instruments and tools play an important part and significantly function to reduce a firm’s energy and emissions.
One of these tools is the Command and Control (CAC) method which is a management method for controlling
emissions.
2. Command and Control
Environmental issues are of great interest to many governments as they look for solutions to environmental
problems. A scientific system for management of energy is supported by a broadly accepted methodology which
may help governments formulate logical objectives for energy savings and emission reductions (Liu et al., 2011).
CAC regulations may be one of these methods. CAC regulations can be defined as a way by which courses of
action needed are determined and punishments associated with noncompliance are administered (Jaccard,
Nyboer, & Sadownik, 2002). It is essential to note that costs of different types of policies (CAC or market-based)
may also vary (Lehmann, 2011).
In the past, governments used CAC policies as a major strategy to control pollution (Lehmann, 2012). CAC
strategies can be appropriate complements to policies for pollution control (Jaffe et al., 2005; Lehmann, 2011). A
study in Japan has found that a CAC method is likely to be able to provide regulated companies with motivation
to increase new and creative technologies for controlling pollution (Hamamoto, 2006). CAC approaches are
likely to provide companies with flexibility in selecting pollution abatement technologies and motivate them to
increase their efforts in developing cost-efficient methods to control their emissions (Hamamoto, 2006).
Enhancing the level of technology requires strengthening local R&D. Also, global technologies can help the
process (Liu et al., 2011). On the other hand, organisations may not adopt this policy, regardless of its
environmental benefits. The reason behind this is that managers might focus on profitability of their businesses
rather than the environment (Liu et al., 2011). For some time people have believed that market-based methods
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(taxes, tradable permits) are better than the CAC method (Lehmann, 2012). Therefore, in order to gain more
improvements, firms can use innovations or interventions to enhance their environmental conditions.
3. An Innovation
It is broadly known that environmental innovations decrease marginal abatement costs. Porter hypothesises that
it is possible to judge technological innovation by analysing R & D efforts and productivity changes within
existing regulations of the environment (Hamamoto, 2011; Lanoie, Patry, & Lajeunesse, 2008). This hypothesis
has been supported by many studies which have provided empirical support (Hamamoto, 2006; Kammerer, 2009;
Lanoie et al., 2008). Palmer, Oates, and Portney (1995) state that environmental innovation may decrease the
marginal abatement cost at all levels of pollution. Moreover, Jaffe, Newell, and Stavins (2005) found that
technological innovations normally reduce the marginal cost of pollution per unit. In Japan, Hamamoto (2006)
identified significant relationships between innovation activity and both total factor productivity and
environmental regulations. By measuring environmental innovation, Brunnermeier and Cohen (2003)
statistically found an important relationship between pollution abatement costs and environmental innovation.
On the other hand, some believe that environmental innovation may not necessarily reduce the marginal cost of
pollution abatement (Almihoub et al., 2013; Bréchet & Jouvet, 2006).
It is important to note that innovation can be categorised into four types. In relation to energy, the first type
(Type I), innovation is considered as an increase in the ratio of energy use over emissions. The other two types
of innovation are Type II and Type III. They are broadly recognized (in industrial organizations) as process
innovation/research and development. In the last form, Type IV, innovation may reduce any extra emissions
beyond the limit imposed, with the objective of the firm reflecting abatement costs explicitly (Amir, Germain, &
Van Steenberghe, 2008). It is observed that innovation may be seen from different sides. From the above
discussion, it can be surmised that most previous innovation studies have focused on industrial companies.
However, there is still much to be done in some areas to achieve the desired results required such change
consumer behavior effectively towards sustainability (Csutora & Zsóka, 2011).
4. Behavioural Change
Human behaviour is the way people behave in society, both socially and environmentally. Human behaviour can
be understood by drawing on a number of scientific disciplines such as psychology, sociology, behavioural
economics and neuroscience (Allen, 2012). During recent years, behaviour change has gained attention in
politics with the House of Lords, Science and Technology Select committee’s commission of inquiry on
changing of behaviour and the establishment of the Cabinet Office Behavioural Insights team (Kaplowitz, Thorp,
Coleman, & Kwame, 2012; Steg & Vlek, 2009). Any analysis needs to weigh up costs and benefits. Estimating
the cost-effectiveness of the full range of costs and benefits of different strategies needs to include effects of
social as well as business costs and benefits.
Various studies of environmental behaviour assume that individuals make logical choices and choose
alternatives with higher benefits and lower costs (Bolderdijk, Steg, Geller, Lehman, & Postmes, 2012; Steg &
Vlek, 2009). The Theory of Planned Behaviour (TPB) could successfully explain different types of
environmental behaviour including the choice of travel method (Kaiser & Gutscher, 2006; Schade & Schlag,
2003), household recycling (Taylor & Todd, 1995), waste composting (Mannetti, Pierro, & Livi, 2004),
purchasing power-saving light bulbs, use of paper, use of water, consumption of meat (Harland, Staats, & Wilke,
1999), and general behaviour that is pro-environment (Kaiser & Gutscher, 2006).
Assessing the effectiveness of interventions is very important and needs systematic assessment of the effects of
interventions. Until now, most studies have focused on assessing informational strategies; modi operandi have
been studied and effectiveness of structural strategies has also been adopted (Abrahamse, Steg, Vlek, &
Rothengatter, 2005; Schultz, Oskamp, & Mainieri, 1995). However, to the extent that organisational structures
and incentives strongly influence community environmental behaviour, structural strategies may be more
effective in promoting pro-environmental behaviour. In this respect, it should be noted that there are some
important elements of behavioural changes that should be taken into considerations such as acceptance of
behavioural change, knowledge and attitudes as shown in Figure 2.
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Figure 2. E
Elements used to understand behavioural chhange
Studies shhould be aimedd at evaluatingg the effectivenness of interveention using exxperimental research designss that
reveal the effectiveness of an intervenntion as well aas packages off interventionss and one withh more “treatm
ment”
groups andd a control grooup for comparrison. Intervenntions may not only have shoort-term effectss (Abrahamse et al.,
2005), theey may also haave effects in the long-term
m study. Most effects measurre and only foocus on chang
ges in
environmeental behaviouurs. Firstly, it iis important too monitor the changes in behavioural detterminants bec
cause
this increaases understandding of what w
was a successful interventioon program or not. Secondlyy, it is importa
ant to
monitor thhe changes in environmentaal impact, beccause this is thhe ultimate gooal of behaviooural interventtions.
Thirdly, onne could get too know changees in people’s quality of life,, which is a siggnificant consttituent of a bro
oader
concept of sustainable development. Until now, m
most studies have examineed (Steg & G
Gifford, 2005)) and
anticipatedd changes to quality
q
of life, but rarely are any studies ussed for actual changes to ennvironmental policy
change andd/or to create a human behavviour policy. T
There are diffeerences from annticipated channges and the actual
a
changes inn the perceived quality of liife. One hypoothesis is that environmentall policies coulld not significantly
decrease thhe quality of life
l of people much, at least not in the loong term. Indivviduals adapt to changes in their
lives posittively or neggatively by cchanging theirr standards, aiims and anticcipations (Dieener, 2000; Orrmel,
Lindenberrg, Steverink, & Vonkorff, 1997). Thus, despite the ffact that enviironmental policies may ch
hange
perceptionns of quality off life in the begginning, indiviiduals can adappt or undo chaange.
Assessmennt studies using experimentaal designs are ggenerally expensive and timee-consuming (Steg, Dreijerin
nk, &
Abrahamse, 2006). Thiss may not alw
ways be possibble. However, these assessm
ment studies ddid not only re
eveal
systematicc evaluation too the extent to which the inteervention succceeded in channging behaviouur and reducing the
environmeental impact, but
b also not eexplain why itt was unsucceessful, and how
w it can be aadapted to increase
effectiveneess of intervention (Abrahaamse et al., 2005). They innformed the nneed for businness to improv
ve or
replace thee behaviour off a particular iintervention. M
Moreover, it ennables such buusinesses to pprovide feedback to
the targeteed populationn and to inforrm them of tthe effectiveneess of efforts to improve the quality of the
environmeent (Abrahamsse, Steg, Vlek, & Rothengattter, 2007). Thiss may enhancee the commitm
ment to change their
behaviour,, and to keep thhe changes thaat have alreadyy been implem
mented.
Many reseearchers have studied envirronmental effeectiveness as tthey perceive them and acccept environm
mental
policies before they aree implementedd, particularlyy in the field of travel (Looukopoulos, Jaakobsson, Gärrling,
Schneider,, & Fujii, 20044; Schade & S
Schlag, 2003; S
Steg & Schuiteema, 2007), buut also in the uuse of energy (Steg
(
& Giffordd, 2005). Mosst studies have examined inndividual facttors related too the perceiveed effectiveness or
acceptancee provisions. These
T
studies show, among other things, tthat strategies are more satissfactory when they
are thoughht to be more just, and whenn they do not have a seriouus impact on inndividual freeedom. Furtherm
more,
people whho are very awaare of the probblem and feel a strong ethicaal responsibilityy to reduce thee problem are more
accepting of policies. A few studies hhave examined the effectiveeness of perceeived acceptannce of featuress and
specific poolicies such ass rewards or saanctions, or thee type of behaaviour being taargeted (Poortiinga, Steg, Vle
ek, &
Wiersma, 2003; Steg ett al., 2006). P
Policies that inncrease the atttractiveness off pro-environm
ment behaviou
ur are
more effective and accceptable strateegies and aim
med at reducinng attractiveneess of environnmentally harrmful
behaviour (Steg et al., 2006).
2
Additioonally, people desire policiees to enhance the adoption of energy-effiicient
approaches rather than policies
p
aimed at decreasing the use of currrent equipmennt (Poortinga eet al., 2003; Stteg et
al., 2006).
It is somee time possibble to make ppro-environmeent instead off cost-effectivve because exxternal barriers for
environmeental work (S
Stern, 1999). Therefore, cirrcumstances m
may need to changes. Theese are choice
es in
behaviouraal so as to inncrease employyment opportuunities individdual pro-enviroonment and too make choices in
behaviour towards pro-eenvironment reelatively more attractive (Steern, 1999; Thøggersen, 2005).
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4.1 Acceptance of Behavioural Changes
Energy use is widespread, and this leads to an increase of energy demand. Although many efforts have been
expended to make changes more friendly towards environmental sources of energy, fossil fuels are still the major
source of energy, resulting in negative environmental influences. There is a need to reduce the use of energy
down to the level of a company to achieve goals of sustainable energy, as well as other policies. Reductions of
energy consumption can be achieved by using energy more efficiently such as investment in energy-efficient
appliances, conservation energy measures, and through the adoption of energy-efficient lifestyle and in short, by
changing user behavior.
Climate change and energy use issues that trigger universal social transformation processes and technology,
which are based on new technologies such as energy savings, low-carbon cars and energy-saving building
technologies (Ulli‐Beer, Gassmann, Bosshardt, & Wokaun, 2010). In order to avoid costly change processes,
resulting from independent and radical results from market forces, key decision makers visualise and manage the
path of ecology effectively. So, sufficient transition management models are critical, particularly to the growth
of understanding in the processes which affect the acceptance of new technologies.
A behavioural change is almost considered a social behaviour change. Social behaviour patterns and social
balance are often used as guided stable values such as social norms. However, behavioural change may change
environmental conditions (such as climate warms, and the scarcity of resources) and requires acceptance of new
technologies. Antecedents of behaviour change are changes in overall value that can be reached in advance when
they show new patterns of behaviour and social balance in states.
There are many studies that have shown that acceptance of options relating to energy savings could be more
pronounced in groups of higher education (Gilg, Barr, & Ford, 2005; Olsen, 1983; Rohde, Dütschke, Gigli, &
Bles, 2012). The result in Poortinga et al. (2003) suggest that acceptance to reduce energy use behaviour was
much higher in the lower groups of education. On the other hand, people with higher education seem to be more
willing to invest in energy-efficient appliances. However, research has shown that in most cases, an increase in
knowledge and awareness has not led to pro-environment behaviour (Kollmuss & Agyeman, 2002). Furthermore,
nowadays, most of the environmental non-governmental organizations (NGOs) still base communications’
campaigns and strategies on the assumption that the simplification of more knowledge will lead to more
enlightened behaviour.
There is much evidence to suggest that earlier financial incentives can actually compete with the feelings of civic
responsibility. Frey, Heise, Stahlberg, and Wortmann (1987) found that financial incentives may actually
discourage the types of behaviours needed to solve social problems such as global climate change. Almost all
environmental issues involve some public good. Behavioural experiments show that social good may undermine
mere mention of money. In contrast to most of the policy recommendations, economists rely on cash incentives
to address the problems of collective choice. This can have adverse effects. Several environmental scientists
have proven (Gowdy, 2008; Norton, 2005; O’neill, 1993) when giving individuals shared accountability that are
directly attractive to the sense of the common good, these could be more effective ways to gain acceptance to
alleviate climate change and other environmental strategies.
Behavioural changes can be an important element in reducing emissions of GHGs and the fight against climate
change. Basic criteria used in some studies’ research reports and case studies are that behaviour change: a) must
be the result of the individual workers being a part of the decision making process; and, b) has results that have a
clear link and are directly related with low GHGs emissions (for example, low power consumption). Thus, any
action those individual workers have changed from previous work lead to a reduction in GHG emissions.
Therefore, this relates to behaviour change (Ezra & Doppelt, 2009).
Fossil fuels are the main source of energy in the United States, Australia and most other industrialised nations
nowadays, which means GHG emissions are common (Ezra & Doppelt, 2009; Gardner, Szatow, Horn, &
Quezada, 2009). Since the first round of the oil crises in the 1970s, academic researchers, utility companies,
business managers and others spent a great deal of time and energy studying how to find ways to reduce the use
of fossil fuels. Most of the studies concentrated on improving energy efficiency in building (Abrahamse et al.,
2005; Stern, 1992). There have been some successes. The vast majority of research described in this section did
not directly measure changes in GHG emissions pertaining to behaviour change (with a few notable exceptions);
the research recorded all changes in energy consumption, which is assumed to be a surrogate for the reduction
for GHGs. Because the vast majority of previous research has focused on reducing energy by families and
organisations, it is important to examine these areas. Reducing GHGs emissions through reductions in household
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energy and regulatory conditions includes a wide range of related interventions that stimulate behavioural
changes.
An important first step in motivating people to change their behaviour deliberately is to capture their time and
attention. However, what happens after someone gives their time and attention to the issue is the focus of many
research topics. To get people to focus on and participate in a program to reduce energy requires significant
behavioural changes; therefore, intervention required methods to attract attention. The methods adopted were at
least five primary approaches to attract attention and secure commitment of time: 1) door-to-door ‘to seek’
(Winett et al., 1985); 2) mailed information about the project or campaign (Schultz, Nolan, Cialdini, Goldstein,
& Griskevicius, 2007); 3) talking to people on the phone (for example, Baker, 1978; Department of Environment
and Heritage, 2005); 4) placing ads (for example, Hayes and Cone, 1981); and 5) taking advantage of Social
(Stern, 2002). As a result, obtaining commitments of time and attention is important because many of the
interventions that have been developed to reduce emissions of GHGs by changing behaviour require a high level
of preparation. Conscious knowledge of new information by individuals relies on subconscious simple
operations, such as stimuli and response mechanisms. These operations require some cognition “open” to the
researcher or practitioner to work with. This is critical “open” to get important benefits for the interventions.
The negative impact-oriented and complex environmental research demonstrates multiple behavioural
motivation to use energy (Guagnano, Stern, & Dietz, 1995; Lorenzoni, Nicholson-Cole, & Whitmarsh, 2007).
Also a range of internal and external barriers that limit the pro-environmental value of the work relationship
(Kollmuss & Agyeman, 2002). Thus, effects on the environment reflects the importance of behaviour such as
energy use, which Stern (2000) sums as ‘attitudes, values and beliefs—relating to the environment, but also to
other considerations including comfort, aesthetics, quality, time spent with family, and so on. A second
important step is contextual forces. They include sources such as social, economic, institutional and political
factors, then personal capabilities (e.g., knowledge and skills). Finally the above is intended to evolve into
subliminal habits that will lessen environmental influence.
4.2 Knowledge
Although studies found that knowledge is not the only element of the decision to enter into pro-environmental
behaviour, knowledge plays an important role (Marcell, Agyeman, & Rappaport, 2004). Can a general
misunderstanding lead to a complexity issue of environmental problems and make important barriers to
behaviour change and education (Oleckno, 1995). There is knowledge that user’s behaviour has a significant
impact on energy use. Also, saving potentials possibly from a technological point of view are dependent on user
behaviour. A large number of studies on technical possibilities allows new technologies more potential energy
savings. It is clear that energy consumption also depends on attitudes, preferences, and income as well as relative
prices (Kriström, 2008). The difference between varying energy usage and the difference between behaviours of
energy users are little known.
Kaiser, Wölfing, and Fuhrer (1999) state that factual knowledge could be seen as realistic for any attitude, and
therefore, the relationship between factual knowledge and behaviour can be mediated intention as well.
Furthermore, personal norms also broker the standards and values of at least one, according to intent and thus
predictable behaviour indirectly. Because of these interrelationships and results of research in the environmental
field, each fit with each other well. Therefore increase in awareness or knowledge may lead to change in energy
use behaviours, which, in turn can lead to decreases in consumption (Hargreaves, Nye, & Burgess, 2010).
Hines, Hungerford, and Tomera (1986) have published “Model of Responsible Environmental Behaviour”,
which is based on a theory of planned behaviour created by Ajzen and Fishbein, a meta-analysis on many
previous studies’ pro-environmental behaviour research (Icek & Fishbein, 1980; Hines et al., 1986; Kollmuss &
Agyeman, 2002; Sia, Hungerford, & Tomera, 1986). They found that there are variables associated with
responsible pro-environmental behaviour that: Firstly, knowledge of issues, which is the person must be familiar
with environmental problems and its causes. Secondly, knowledge of business strategies which is the person that
knows how to or has to work to reduce his or her impact on the environmental problems. The locus of control
will stem from the individual’s perception of his/her ability to bring about change through his/her own behaviour.
People who suffer from powerful pro-environmental attitudes are more likely to engage in pro-environmental
behaviour; however, the relationship between attitudes and actions proved to be weak. Verbal commitment
which is the willingness to take action to inform also gave some pointers on a person's willingness to engage in
pro-environment behaviour. Finally, people who have a greater sense of personal responsibility are more likely
to be engaged in environmentally responsible behaviour.
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4.3 Attitudes
Knowing the attitude of people towards the use of technology is important as an individual's emotional reaction
can affect the use of the technology implemented (Venkatesh, Morris, Davis, & Davis, 2003). Though attitudes
are not only responsible for prediction of pro-environmental behaviours, attitudes have an influence on the
selection of sustainable behaviour. It is not easy to encourage change in environmental behaviour if people do
not see their behaviour makes a difference (Rydin & Pennington, 2000). It is also difficult to see, hear, touch, or
smell the effects of climate change on a regular basis or ascertain that daily volatility in weather directly impacts
climate change; it is difficult to see how one change in behaviour makes a difference in GHG emissions (Marcell
et al., 2004). This may indicate that the social marketing program was more effective in changing behaviour in
electricity use, transfer of knowledge on climate change, and improving attitudes toward taking action to avoid
or reduce GHG (Marcell et al., 2004).
The change-oriented approach opens up the ‘black box’ of behaviour, and is supposed to change the behaviour
that occurs if people are motivated and enabled to change. This approach has focused on the factors that motivate
people to change their behaviour (Venkatesh & Morris, 2000). This is named ‘stimulus’ factors, which are
awareness, knowledge, attitude, social and personal norms, and self-efficacy (Bo Dahlbom, Heather Greer, Cees
Egmond, & Ruud Jonkers, 2009). These factors could lead to an intention to implement the desired behaviour.
These are internal and intrapersonal factors.
An alternative theoretical approach that might be called, in the broadest sense, ‘attitude approach’ analyses, and
is another way for thought or cognitive behaviour precedents to guide behaviour. From this theoretical
perspective, different models have been proposed, for instance, value ‘attitude’ behaviour model (Guagnano et
al., 1995; Hsieh, Rai, & Keil, 2008; Taylor & Todd, 1995), the theory of reasoned action and its successor, the
theory of planned behavior. On the other hand, many studies are not based on the theoretical models mentioned
above; therefore, it could considered as the role of socio-economics and variables of demographics (Berger,
1997), also, as the role of public environmental attitudes such as environmental concerns and environmental
responsible consumption (Mannetti et al., 2004).
There are various models that have been proposed, such as technology acceptance model (TAM) (Davis, 1989;
Davis, Bagozzi, & Warshaw, 1989); these models adapted from the Theory of Reasoned Action (Icek & Fishbein,
1980; Yang & Yoo, 2004) provide a powerful explanation and parsimonious to accept user behaviour and usage.
TAM is supposed to provide user acceptance determined by two core beliefs, which are perceived usefulness and
perceived ease of use. Perceived usefulness is known as the extent (degree) to which a person believes that the
person using a special technique will enhance her /his functioning, while perceived ease of use is defined as the
degree to which a person believes that the use of technology will be free of effort (Davis, 1989). Therefore,
durability of TAM has been established through many applications and replications (Davis, 1989; Taylor &
Todd, 1995; Yang & Yoo, 2004).
All decisions of initial and continuing acceptance are important and deserve attention. Incompatible results
have been reported from previous research. For example, it was suggested that Taylor and Todd (1995)
individually tended to underestimate the importance of perceived control considerations when forming
behavioural decisions to accept intention. Otherwise, Hu, Clark, and Ma (2003) note that perceived ease of use
can be seen overly stressed when an individual has limited knowledge or experience through technology. From a
research perspective, there is a need to continue the investigation to re-examine and reconcile these results which
are inconsistent, and thus enhance the theoretical and experimental mainstay applied (Hu et al., 2003; Legris,
Ingham, & Collerette, 2003). Consequences can also benefit organizational technology management practices,
for example, to enable design of effective management interventions for sustainable user acceptance.
Interestingly, the theory of TAM in the reference theory of reasoned action includes social impact through the
construction of so-called subjective norm. Previous research by I. Ajzen (1991) found in the psychology
subjective norm, there can be important factors and/or intention behaviour. However, TAM excludes this
because of the problems of building theory and measurement (Davis et al., 1989; Venkatesh & Morris, 2000).
Subjective Norms are expected to be perceived from personal key references to performance behaviour of
interest (Ajzen, 1991; Hsieh et al., 2008). Though subjective norm might be expected to be significant in
determining technology acceptance, based on theory of reasoned action and the theory of planned behavior, there
is empirical evidence to support the role of building somewhat mixed (Ajzen, 1985, 1991). However, most
companies can minimise GHG emissions by managing efficiency barriers more appropriately (Farhat & Ugursal,
2010).
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5. Efficiency and MACC Barriers
One of the most important means of reducing the growing threat of global warming, caused by human use of
fossil fuels is to reduce energy use (IPCC, 2007; Solomon, 2007). According to the prevailing economic theory,
barriers related to reducing energy use include market failures (Golove & Eto, 1996). In terms of the cost to
maintain or reduce energy, studies for the implementation of effective measures are not implemented because of
the existence of barriers to energy efficiency, resulting in a gap that is called energy efficiency gap (Thollander
& Ottosson, 2008). A barrier could be defined as a mechanism that is supposed to prevent investment in
technologies that is in each, energy-efficient and economically efficient (Csutora & Zsóka, 2011). Therefore, the
barriers related to efficiency are economic/financial barriers, behavioural barriers and organisational barriers
(Gillingham, Newell, & Palmer, 2009; Koeppel, Vorsatz, University, & Programme. United Nations
Environment, 2007; Sorrell, 2004).
In addition to the price of carbon, economic barriers and non-price barriers also need to be addressed to secure
the greatest opportunities to reduce emissions that have been identified as realistically achievable by 2020. These
barriers include market structure and supply (Australia, 2010). In terms of economic barriers these involve
hidden costs and overhead costs such as the cost of collecting and analysing information and disruption of
production (Jaffe & Stavins, 1994). Access to capital may result in barriers; for example, a small budget can
affect investment in energy-saving technology (Rohdin & Thollander, 2006). Why are organisation
energy-efficiency measures constrained by short pay-back criteria? It can be explained by risk aversion (Sorrell
et al., 2000).
Homogeneity of cost-effective energy efficiency measures are not always able to be implemented because the
technology is not adopted in the company (Thollander & Ottosson, 2008). A large body of research has
documented that consumers have often obtained incomplete information about market conditions, characteristics
of the technology and the implications of company behaviour (Gallaher, Delhotal, & Petruza, 2005; Howarth &
Andersson, 1993). Major industrial relationships worldwide know that they cannot have strict control and
monitoring by principles; consequently, this can result in neglect of energy efficiency measures (Jaffe &
Stavins, 1994). Negative buyers may select goods on the basis of visual aspects such as price. Good buyers know
more about the energy performance of the product (Thollander & Ottosson, 2008). Split incentives and their
implementation may become less useful if the person or department cannot get the benefits of investment in
energy efficiency (Jaffe & Stavins, 1994). Therefore, to reduce economic barriers for emissions abatement,
behaviour is another barrier that needs be taken into consideration.
In terms of bounded-behaviour, theoretical decisions are based on incomplete information, instead of an
authentic basic rule (Simon, 1957). Opponents to change within organizations could lead to the neglect of energy
efficiency measures (Sorrell, 2004). Credible information from sources that are trustworthy can provide
successful energy efficiency measures (Unruh, 2000). The form of this information should be specific and simple
to increase acceptability (Thollander & Ottosson, 2008; Worrell, Ramesohl, & Boyd, 2004). There are people in
organisations with real ambition to improve energy efficiency, who would prefer to be represented by an
individual within key senior management, so that people in organisations can be heard and acceptable proposals
disseminated (Stern, 1992). To reduce organizational barriers, an organisation’s culture can include, for example,
a group of individuals carrying environmental values that encourage investments in energy efficiency (Blok,
2004). In managing real barriers, not only behavioural but also organizational obstacles may be carried out. The
lack of authority within departments of energy could lead to a low priority regarding barrier issues within
organizations (SPRU, 2000). Therefore, management of climate change leads to more concentrations of specific
barriers on approaches and methods such as a MACC approach.
MACCs can use various methods widely with differing underlying assumptions, and discount rates assumed.
Therefore, a number of possibilities for reducing emissions and costs can be estimated (Akimoto et al., 2012;
Erickson, 2010). The key factors that contribute to differences between MACCs’ methods include projections of
baseline emissions (which include mitigation measures in the base), the availability and cost of abatement
options, the time it takes for implementation of mitigation, whether the model considers demand side responses
to behavioural changes, and structural adjustments in the economy such as changing the prices of energy
(Amman, Rafaj, & Höhne, 2009; Van Vuuren et al., 2009). In the energy sector, MACC research has found that
models, which include behavioural change can display twice as much as the mitigation potential of models that
did not include behavioural change (Amman et al., 2009).
Use of MACC methods evaluates the possibility of reducing vulnerability of many restrictions (Munasinghe,
Meier, Hoel, Hong, & Aaheim, 1996). Top-down models tend to lack specific technical details of a sector. These
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models need to assess where opportunities exist and how to mitigate potential compensation mechanisms and
other funding sources that have emission reduction credits (Hoogwijk et al., 2008). However, they can exceed at
reflecting economic relations between regions and between products and sectors, as well as indirect effects of
activities such as compensation leak emissions between countries or sectors (Blok, 2004). Bottom-up models
tend to be more useful to analyse the compensation offer, because they can easily distinguish between
technologies and sectors in a manner consistent with the best of the mechanisms and methodologies regarding
how to compensate maturity, how to apply a separate project, technology, and/or sector-specific actions, rather
than transform the economy on a large scale (Erickson, 2010). However, the bottom-up approaches of MACCs
are weak in terms of the acquisition of economic relations and indirect effects (e.g, leak); also MACCs can
reduce transaction costs and unsubstantiated causes for reduction, which can offer possible compensation (Fisher
et al., 2007).
Most MACC methods are subject to adoption of a path and a state of uncertainty. A MACC for any given year is
assumed (either explicitly or implicitly) in world politics and technology that have taken a course from now until
that year (Erickson, 2010). Procedures and policy options in the early years greatly affect the prospects of
reduction potential and costs in later years (Lazarowicz, 2009). One means of solving this path dependence (as
well as the uncertainty related to the underlying assumption) is to use a range of possible scenarios in the early
years of the policy to generate MACCs for the analysis of alternative scenarios (EPA, 2010b; Lazarowicz, 2009).
The above barriers lead to identifying difficulties that should be studied, particularly for relevant sectors and at a
firm level.
6. Conclusion
Identifying effective instruments to manage and control GHGs emissions is an important need for firms. This is
because increased concerns of firms’ stakeholders require firms to provide suitable and credible ways for
reducing GHGs emissions. Thus, such mechanisms as command and control, and innovation are adopted, when
the allocation tools of GHGs emission controls, through the market devices do not fully work. Furthermore,
human behaviour could be an important element for reducing emissions, and it needs more emphasis particularly
for governments and businesses to recognize and assess behaviour change interventions. These could be
appropriate tools that can assist companies to reduce emissions. Furthermore, companies can employ overall
efficiency to reduce MACC barriers. Consequently, these management strategies can help to reduce energy use
and GHG emissions. In the future, climate strategy is becoming an important axis in all companies' work as well
as sectors. Therefore, firms should give energy use, topics relating to behaviour and emissions more attention by
using effective methods that require real data to control emissions with adoption of a credible MACC approach.
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