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The Land of the MUSCos: Multi-Utility Service 
Companies project aims to study alternative 
infrastructure operation configurations to determine 
how infrastructure systems could change to: become 
more centred on the end user; deliver efficiency 
improvements; and take into account multiple utility 
streams simultaneously. 

End-user centred infrastructure operation can be seen 
as a valuable business opportunity while at the same 
time reducing resource consumption of infrastructure 
services. However, domestic customers differ vastly in 
their socio-economic status and their demand for 
infrastructure services, making it more difficult to 
meet their varying needs than larger corporate 
consumers. Therefore, we argue that an in depth 
analysis of domestic end-users’ motivation and 
barriers to uptake of infrastructure service and 
service-performance arrangements is required. 

Domestic end-users’ behaviours related to service-
performance arrangements can be characterised as 
either one-off efficiency behaviours, such as 
technology selection, or curtailment behaviours, such 
as habitual energy and water saving actions. This 
briefing note describes the scope of behaviours 
considered in the Land of the MUSCos project, reviews 
relevant theories, and justifies the selection of 
theories for the purpose of this research. 

Introduction 
The total resource consumption of an infrastructure 
service is defined by demand levels, the efficiency of 
the active and passive conversion technologies [1], their 
operation and maintenance, and the efficiency of 
supply and distribution networks. Thus, for resource-
efficient infrastructure operation, although often 
neglected integrating the end-users is of particular 

importance [2]. End-users are defined as the final 
consumers of infrastructure services. These services are 
used to satisfy end-users’ needs and wants in 
accordance with their lifestyle, human and financial 
capital. In the current mainstream setting, end-users’ 
behaviours consist of four key aspects:  

i. they select the utility company to deliver the 
infrastructure product (e.g. water or energy); 

ii. they choose technologies to convert the product 
into a service (e.g. thermal comfort or hygiene); 

iii. they define how these technologies are used and 
in what operation mode; and 

iv. they determine the quality and volume of the 
infrastructure service demand [3]. 

Taken together, these four behaviours determine the 
end-user’s contribution to the resource efficiency of the 
infrastructure service provision. Furthermore, these 
behaviours are interrelated. This is because a specific 
conversion technology will require specific 
infrastructure products, and may constrain the 
potential operation modes of the technology. The 
quantity and quality of infrastructure services 
demanded determine the manoeuvre space for 
technology solution, or might change with new 
technologies [4, 5].  

If utility companies start towards extending their value 
proposition to include technologies, operation modes 
and service demand, the four key behavioural aspects 
need to be considered together. The success of such 
service or service-performance delivery is dependent 
on detailed understanding of the drivers and barriers 
for end-user behaviours at these different levels (Figure 
1). However, Bertoldi, et al. [6] pointed out that energy 
company obligations might be a more effective option 
to address end-user integration than extending service 
provision to households.   
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Figure 1: Scope of different contractual arrangements between utility / technology providers and different behavioural levels of the end-
users. Dotted lines indicate arrangements in the current mainstream setting; dash-dotted lines outline the scope of a service-performance 
arrangement. (Adapted from [3])  

Theoretical background 
Previous studies looking at energy and water saving 
behaviours in households can be broadly categorised as 
intervention studies (i.e. testing effectiveness of 
interventions on behaviours), theory driven research 
(i.e. understanding determinants of energy and water 
use), or combined approaches giving additional insights 
into why intervention strategies were more or less 
successful [7]. As this research is concerned with a 
transition from the current mainstream to potential 
service-performance delivery, which does not yet exist 
for domestic costumers, a theory driven approach was 
considered most appropriate.    

Efficiency vs. curtailment behaviours 

Previous research has divided energy and water saving 
behaviours have into two different groups of 
behaviours: efficiency behaviours, usually one-off 
behaviours (e.g. installation of loft insulation, heating 
systems, resource efficient appliances, low-flush toilets) 
and curtailment behaviours (e.g. lowering room 
temperature, changing heating pattern, switching off 
appliances, using single flush) [7-10]. According to 
Russell and Fielding “Distinguishing between these two 
types of behaviours is important because they are 
argued to be underpinned by different social and 
psychological drivers [9]. Therefore, delineating 
between efficiency behaviours and curtailment 
behaviours is an important consideration in 
understanding the determinants of energy and water 
saving behaviours.” [10]. 

 

Curtailment behaviours typically imply repetitive action 
or an established habit, and corresponding little 
alertness or cognitive effort (e.g. switching off lights 
when leaving the room). Changing such behaviour is 
often associated with increased effort and/or reduced 
comfort. Efficiency behaviours on the other hand are 
referred to as efficiency increases or technology choice 
behaviours, and typically involve a one-off decision (e.g. 
installation of loft insulation) calling for initial 
investments but with potential future savings [9, 11].  

Figure 2 outlines the efficiency and curtailment 
behaviours considered in this study. We recognise that 
such clear distinction between the two types of 
behaviours might not always be possible. The choice of 
a certain technology operation mode might be linked to 
a technology choice (e.g. car sharing) in one case and 
therefore more an efficiency behaviour, while in 
another case it might be embedded in habits and 
routines (e.g. half vs. fully loaded washing machine).  

 

Figure 2:  Households efficiency and curtailment behaviours for 
infrastructure services demand in households 
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The utility selection (i.e. selections of the company 
supplying the utility product required for the 
infrastructure service) is a one-off behaviour for many 
UK households. Once selected, most households stay 
with their providers for a considerable amount of time, 
although contractually they have the right to switch 
providers with 28 days’ notice. Thus, as utility selection 
lacks the typical attributes of efficiency behaviours (i.e. 
initial investment and potential future savings), as well 
as the attributes of curtailment behaviours (i.e. routine 
and increased effort/reduced comfort), the utility 
selection can be referred to as purchase behaviour [11]. 
Purchase behaviours in this sense or consumer 
behaviour can have a plethora of influencing factors, 
but these are not analysed in further detail.  

For the purpose of this study, which is focused on 
technology selection, operation and service demand, 
we refer to the former as efficiency behaviour, and the 
latter two as curtailment behaviours (Figure 2).  

Efficiency behaviours: Theory of Reasoned Action & 
Theory of Planned Behaviour  

For a one-off behaviour, where initial financial 
investments are expected to be offset through future 
savings, a relatively rational choice could be expected. 
Generally, rational choice models establish a cost-
benefit analysis of different choices, based on the 
expectation of the outcome of each choice and the 
evaluation of those outcomes. Such rational choice 
theory, in the sense of neoclassical economics (i.e. we 
behave to maximise the expected benefits from our 
actions to ourselves), is limited and has been heavily 
criticised, as it fails to account for habits, emotions, 
social norms, moral behaviour and cognitive limitations 
(bounded rationality) [12, 13]. This extensive critique 
has led to a number of efforts to come up with 
alternative models, most of which retain at least some 
of the expectancy-value structure [12].  

Theory of Reasoned Action (TRA) [14] and its extension, 
the Theory of Planned Behaviour (TPB) [15], are the 
most widely applied theories of social behaviour that 
extend the basic behaviour-value structure. They both 
draw on traditional social-psychological work on the 
attitude-behaviour relationship. Intention is the key 
determinant of behaviour in TRA, which is itself 
influenced by attitude towards the behaviour (i.e. 

beliefs about and evaluation of outcomes), but also by 
subjective norm (i.e. the perception of what most 
people important to the person think he or she should 
or should not do) [14]. TRA therefore departs from the 
simple expectancy-value construct as it explicitly 
accounts for social influence on personal behaviours.  

TRA assumes intention to be a good predictor of 
behaviour, but this is only the case when people have a 
reasonable degree of volitional control over their 
behaviour (which is probably the minority of all 
behaviours). TRA was therefore extended into TPB, by 
including Perceived Behavioural Control (PBC) as an 
indicator of both intention and action (Figure 3). PBC is 
defined as “the person’s belief as to how easy or 
difficult performance of the behaviour is likely to be” 
[16].  

TPB remains an adjusted expectancy-value model, 
which makes it ideal to analyse decision processes with 
higher cognitive effort involved, such as one-off 
efficiency behaviours. We therefore use the TPB to 
operationalize efficiency behaviours in this research. 
However, the TPB is limited when habits, emotions or 
moral factors gain importance [12], which is, by 
definition (at least for habits) the case for curtailment 
behaviours.  

 
Figure 3: Theory of planned behaviour (Source: [16]) 

Curtailment behaviours: Value-Belief-Norm Theory & 
Theory of Interpersonal Behaviour  

Several theories focus on normative and moral aspects 
of behaviour, one of the more prominent ones is 
Stern’s Value-Belief-Norm (VBN) Theory [9, 13]. VBN is 
based on the principle that pro-social attitudes and 
personal moral norms are predictors of pro-
environmental behaviour. According to the VBN-theory 
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the five variables that determine human behaviour are 
attitudinal factors, beliefs, contextual forces, personal 
capabilities, and habits or routines; Where beliefs are 
part of attitudinal factors but might be considered 
separately as they can be conceived as a precursor to 
attitudinal factors [10].  

Furthermore, there is a need to go beyond the 
individual perspective and additionally include external 
factors (e.g. fiscal and regulatory incentives, 
institutional constraints and social practises) to fully 
understand behaviour [12]. The Attitude-Behaviour-
Context (ABC) Model from Stern [13] overcomes such 
internalist-externalist dichotomy by understanding 
behaviour as a function of the organism and its 
environment. However, the ABC model is missing the 
role of habit and routines. 

Considering behaviour on a continuum from control to 
automaticity, curtailment behaviour can be considered 
to lie towards the automated end of the spectrum [17]. 
In situations where people engage in curtailment 
behaviour they often use simplified decision heuristics 
[18] especially when the consequences of the decision 
are uncertain, less important, the task complexity is 
low, and the decision is highly time constrained [12].  

One theory that includes attitudes, conceptual factors, 
personal capabilities and habits, as suggested for an 
integral model by Stern [13], is Triandis’ Theory of 
Interpersonal Behaviour (TIB) [19].  

 

 

Figure 4: Triandis’ Theory of interpersonal behaviour (Source: [19])  

Figure 4 shows the key elements of the TIB model. 
Similar to TRA and TPB, intention is an important 
predictor of behaviour in TIB. So too is habit, which is 
facilitated by contextual factors. Intentions themselves 
are seen as being determined by attitudes (i.e. 
expected value), social and affective factors. Social 
factors include roles (i.e. a set of behaviours which is 
seen appropriate for persons holding a particular role in 
a group), norms (i.e. social rules about what should or 
should not be done), and self-concept (i.e. the idea I 
have of myself such as goals considered appropriate 
and behaviours engaged in). Triandis is one of few 
theorists who also include affective factors (i.e. 
emotional responses to the decision situation distinct 
from rational evaluation of consequences) as 
determinants of behaviour.  

Triandis’ TIB offers a clear heuristic that can be and has 
been used as a framework for empirical analysis. The 
inclusion of norms, values and beliefs, affect, and in 
particular habits as direct moderators of behaviour 
makes this theory well suited for the analysis of the 
curtailment behaviours considered in this research. 
However, to date TIB has not been as widely applied as 
TPB, partly due to the need to measure more variables, 
as well as the inclusion of variables that are more 
difficult to operationalize. Nevertheless, TIB has been 
successfully applied to the contexts of medical 
technology acceptance, [20-22] pesticide application, 
protection equipment use [23], and car use behaviours 
[24].  

 

Figure 5: TIB adapted from Gagnon et al. [20-22])  
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In this research we draw on the methods used by 
Gagnon and colleagues [22] to operationalize TIB. 
Particularly, we use attitudinal, social normative beliefs, 
and personal beliefs as predictors of intention, while 
habit and facilitating conditions are expected to 
moderate the relationship between intention and 
behaviour (Figure 5). Gagnon and colleagues [22] 
proposed three belief concepts directly influencing 
intention. Attitudinal beliefs include affect in addition 
to perceived consequences (i.e. expected value) and 
therefore aggregate the original TIB constructs of 
attitude and affect. The original TIB construct of social 
factors is separated in personal and social normative 
beliefs, by splitting normative beliefs into social, 
personal and professional norms. Consequently social 
normative beliefs consist of role and normative beliefs, 
while personal normative beliefs include personal (and 
professional) norms as well as the self-concept (i.e. self-
identity). 

Conclusion 
Integration of end-users into infrastructure service 
provision needs to take into account the multiple 
decisions end-users make when interacting with the 
infrastructure. These decisions range from selection of 
a utility company to provide an infrastructure product, 
via choosing a conversion technology and operating the 
technology appropriate, to setting the quantity and 
quality of service demanded. Generally these decisions 
can be separated into efficiency and curtailment 
behaviours, where efficiency behaviours are one-off 
decision in contrast to curtailment behaviours implying 
an established habit and corresponding little cognitive 
effort.  

We argue that Theory of Planned Behaviour, as an 
adjusted expectancy-value model, is ideal to analyse 
decision processes with higher cognitive effort 
involved, such as one-off efficiency behaviours. For 
highly habitual curtailment behaviours, whose change 
might be associated with increased efforts or decreased 
comfort, we argue that Triandis’ Theory of 
Interpersonal Behaviour is the most appropriate 
theoretical background because habits and routines, as 
well as the emotional response to the behaviour, are 
included. 
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