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The Land of the MUSCOs (LotM) project aims to study 
and model alternative infrastructure operation 
configurations to determine how infrastructure 
systems could: become centred on the end user, 
deliver efficiency improvements; and take into 
account multiple utility streams simultaneously. 

A surprising variety of cost- and resource- efficient 
technologies and operation modes exits which are not 
being implemented [1, 2]. Many causes of this 
“efficiency gap” can be related to the interface 
between the end-user and service-provider [3, 4]. 
Furthermore, utility companies’ focus on units of 
utility delivered rather than services provided, 
hampers a quicker adoption of more efficient 
technologies [5]. 

In the first Work Package (WP1) of the LotM project, 
we therefore aim to: (i) survey alternative (resource-
efficient and cost-effective) technologies and 
operation modes at the interface of end-users and 
service providers, for different infrastructure streams 
and end-user categories, (ii) identify and define the 
ultimate services delivered by these technologies, and 
thus promising combinations of technologies with 
related services, (iii) analyse measurement, 
monitoring and maintenance of potential service-
based delivery, (iv) assess different service-based 
relationships, and (v) provide an empirical basis for 
the socio-technical model (Work Package 3 of LotM). 

This briefing note presents the research plan and 
analytic approach of WP1. Initial results will be 
presented subsequently. 

Introduction 
This briefing note is the second in a series of concise 
summaries of key issues affecting the transition of 
infrastructure services to a more resource efficient, 
service based approach. The Land of the MUSCos: 
Multi-Utility Service Companies project, or LotM for 
short, is based on three observations of current 
infrastructure operation: (1) governance based on 
unmanaged growing demand is both inefficient and 
unsustainable; (2) current design and operation do not 
integrate the end-users, in terms of their crucial role in 
selecting and using technological options, and the 
variety of their wants and behaviours; and (3) separate 
and parallel delivery of different infrastructure streams 
prohibits the development of potential joint solutions, 
or even substitutions, between infrastructure systems. 
These characteristics of current infrastructure & utilities 
act as obstacles to technical innovation and longer term 
sustainability.  

The central aim of the project is to address all three of 
these challenges simultaneously through the study and 
modelling of alternative operation configurations, 
which must be: centred on the end-user; concerned 
with implementing efficiency improvements; and take 
into account multiple utility streams simultaneously.  

A known example of such alternative operation 
configuration is performance-based contracting [5, 6] 
with its shift from selling products to selling services 
and creating “highest possible use value for the longest 
possible time while consuming as few material 
resources and energy as possible“ [6]. 

This briefing note elaborates on the analytical approach 
proposed for WP1. We start with a brief outline of the 
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research plan and elaborate on the approach proposed 
for reviewing existing technologies and identifying 
promising combinations for the project to focus on. 

Research plan 
WP1 focuses on the end-user demand by analysing the 
interface between the end-users, suppliers and physical 
infrastructure. We will: 

1. survey relevant (efficient & cost-effective), existing 
technologies and operation modes which are not 
currently being implemented, for different types of 
infrastructure and categories of end-users;  

2. identify the services which these technologies and 
operation modes help fulfil and the required 
changes in end-user supplier arrangements, in order 
to highlight the most promising combination of 
infrastructures, technologies, services and end-users 
for the project to focus on; 

3. develop quantifiable measures for service-based 
arrangements, so their delivery can be monitored;  

4. consider the pros and cons of service-based 
relationships at the end-user level; and 

5. contribute this knowledge to the socio-technical 
model (WP3) and overall project conclusions, 
including the “MUSCo charter”. 

The literature approach described below will focus on 1 
& 2. However, it will provide the basis for analysing the 
service-based arrangements (3 & 4) and the 
contribution to the socio-technical model (5). 

Literature review approach:  
With the aim of identifying specific technologies and 
services to consider in the rest of the project, we will 
start with a literature review searching for existing 
technologies and operation modes (i), which are 
resource-efficient and cost-effective (ii) but have not 
been widely implemented. The review will be 
conducted along different infrastructure streams (iii) 
and end-user types (iv), considering various types of 
literature sources (v), will be key word guided (vi), and 
looking for particular types of information to associate 
with different technologies (vii). In the following we 
briefly outline the ideas behind each point. 

(i) Technologies and operation modes 
In this project we differentiate technologies (i.e. 
physical devices and measures used to transform utility 
products into the service required) and their operation 
modes (i.e. the way how the technology is operated by 
the end-user). Such a distinction is important: for 
example traditional technologies (e.g. fuel cars) can be 
used much more efficiently through a change in 
operation mode (e.g. car-sharing) [7], whereas, in 
contrast, the benefits of more efficient technologies 
(e.g. mechanical ventilation heat recovery) can be 
diminished by inappropriate end-user behaviour (e.g. 
opening windows) [8]. Therefore, we will survey not 
only emerging technical solutions but innovative 
operation modes of traditional technologies as well. 

(ii) Resource-efficient and cost-effective 
The cost-effectiveness of efficiency measures have 
previously been studied, most famously by the 
McKinsey consultancy group, with marginal abatement 
cost curves (MACCs) [9, 10]. MACCs contrast the 
marginal abatement costs (i.e. cost per unit emissions 
abated) and the emission abatement level (i.e. 
potential abatement of the measures). They have been 
widely applied for studying greenhouse gas mitigation 
measures from an energy [1] and agricultural [11] 
perspective, but have been used for water 
management as well [2, 12]. Consistently, across these 
studies, the most cost-effective measures (i.e. low cost, 
cost neutral or even cost beneficial) are on the demand 
or end-user side. These measures are thus dispersed 
among a variety of actors. On the other hand, supply 
side measures appear to offer large potential from a 
few centralized actors, but are frequently much more 
costly. We will use this macroeconomic analysis to 
single out a first selection of technologies and 
operation modes to consider. 

Studies on efficiency implementation policies are also 
an interesting source of information for us: these 
analyse the implementation of promising alternative 
technologies and operation modes, in the context of 
specific targeted user groups and incentive measures. 
For example the effect of water and energy demand 
management programs in Australia encouraging more 
efficient and cost-effective technologies has been 
analysed extensively [13, 14], with more emphasis 



 

 

Sustainable Resilient Infrastructure 
Land of the MUSCos: BRIEFING NOTE 2 
 

http://SuRe-Infrastructure.leeds.ac.uk 
BRIEFING NOTE 

Page 3 of 5 

 

recently placed on the end-user behaviour and 
technology operation modes [15, 16].  

In this project, we will consider resource-efficient 
technologies as a means-to-an-end for a more 
resource-efficient service provision. We will broaden 
the efficiency term towards a holistic understanding of 
resource efficiency (e.g. multiple resource indicators, 
including energy, water, and possibly materials, 
assessed from a life cycle perspective). This will enable 
us to avoid the trap of including apparently high 
efficiency end-user technologies, which in fact would 
merely displace the resource consumption up- or down- 
stream, or shift it from one resource to another. 
However, given the broad scope of the project, we 
cannot expect to find accurate resource consumption 
data for multiple resource streams for each technology, 
and in many cases we will have to rely on incomplete or 
approximate data.  

(iii) Infrastructure streams 
Infrastructure UK has specified five distinct 
infrastructure streams (i.e. energy, water, transport, 
waste, communication) [17]. Although, these streams 
have historically been delivered in isolated sector-
specific supply streams, shared insights might be gained 
by a cross-sectoral analysis. 

The energy and water sectors offer a range of examples 
of more efficient and cost-effective technologies (e.g. 
[3, 13]), with possible synergies and trade-offs between 
the two infrastructure streams. In addition, service or 
performance-based agreements, such as energy service 
contracting have existed for a long time [5, 18]. The 
transport sector is expected to become more closely 
integrated with energy infrastructure, due to the 
projected rise in electro-mobility. This type of 
integration is currently researched under the topic of 
smart grids and electricity storage. For our project, 
rather than new vehicle technology, alternative 
operations modes such as car-sharing [7] might offer 
the most interesting cases to study. 

Communication is expected to play a crucial role, since 
it often is used to enable the delivery of other services. 
The efficiency gains of information and communication 
technologies (ICT) themselves are enormous, but 
currently overcompensated by rapidly increasing 

demand [19]. On the other hand, as enablers, they also 
show large potential for enabling greenhouse gas 
emission savings (e.g. smart metering, telecommuting, 
teleconferencing and home shopping, among others). 
ICT can thus support the standardisation and 
monitoring of services, revolutionising our relationship 
with infrastructure or transforming existing value 
chains [20]. Therefore we will primarily consider ICT as 
an enabler of more resource efficient energy, water and 
transport service provision. 

Since the waste sector provides fundamentally different 
form of service (waste removal) we will concentrate at 
first on the energy, water and transport infrastructures, 
including communication in an enabling/facilitating 
role. 

(iv) Types of end-users 
Technologies, and in particular operation modes, are 
very specific to particular types of end-users. For 
instance, there is a huge difference between individual 
house-owning households, households renting flats, 
and the owners or operators of multiple large office 
buildings. These end-users may be have demands for 
similar services (ambient temperature, light, water for 
cleaning, cooking, and so on), but their level of choice 
and control of the technologies for delivering these 
services can be expected to be radically different.  This 
in turn has consequences for novel forms of 
infrastructure service delivery based on performance 
contracting. For example, service and performance-
based agreements seem to be more difficult to achieve 
with decreasing property size [18].  

Two general end-user categorisation possibilities are 
use-based (i.e. everyone who requires a certain type of 
service) and actor-based (i.e. belonging to a more or 
less homogeneous socio-demographic group or 
economic sector).  

We expect to have to narrow our study to particularly 
promising combinations of end-users, technologies and 
infrastructure streams. However, at this survey stage of 
our analysis, we will first simply take into account which 
end-user groups are concerned by different measures, 
and prioritise specific cases after the survey is 
completed. For the cases we subsequently investigate 
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in more detail for the socio-technical model in WP3, the 
end-user groups will be further characterized.  

(v) Sources considered 
Some technologies of interest to this project are in an 
early development or phase; therefore, there might be 
scientific literature about their technical design but 
rather little on their actual costs and performance, 
operation or related end-user behaviour. Therefore we 
will extend the sources considered from scientific 
journals to grey literature (e.g. government, 
consultancy and industry reports), as well as online 
sources from specific institutions of interest (e.g. 
European Council for an Energy Efficient Economy 
(ECEEE), European Environment Agency (EEA), Global e-
Sustainability Initiative (GeSI), International Energy 
Agency (IEA), World Business Council for Sustainable 
Development (WBCSD)).  

(vi) Keywords considered 
The keywords to be considered follow from the 
approach proposed and are therefore listed in such 
order below. In addition, combinations of keywords will 
be used (e.g. business car-sharing efficiency). However, 
covering a range of different topics and discipline we 
will iteratively update the keywords based on the 
findings. 

Efficient and cost-effective: marginal cost abatement 
curves, efficiency, low-energy/carbon, resource- 
efficient, demand management, demand reduction, 
demand response, consumption reduction 

Infrastructure streams: Energy, heat, electricity/power, 
water, transport, waste, communication 

Technology- and service- related: 
illumination/lighting/light-bulbs, passive house, CHP 
(micro, meso, macro), retrofitting, insulation 
appliances, vehicle, public transit, car-sharing, electric 
mobility/vehicles, modal shift, teleworking, MVHR, 
smart meter, low-flush toilets, water recycling, grey 
water systems 

End-user: household/residential, commuter, passenger, 
industrial, commercial, business, administrative, 
government 

(vii) Types of information sought  
The types of information we want to associate with the 
different technologies will support the subsequent 
identification of the most promising (efficient and cost-
effective) technologies, operation modes and 
combinations for the project to focus on. Therefore; we 
aim to collect the following types of information: 

Technical: What is the technical design (input/output) 
of the technology or operation mode? What is the 
efficiency gain (energy, water and material input) 
related to its implementation in comparison with 
incumbent technologies? What scope and time scale 
(life-time) does the technology have? 

Economic: What are the implementation, operation and 
maintenance costs of the technology? What different 
ownership and financing arrangements occur? What 
partners (e.g. utilities, performance contractors, 
financial institutions, end-user cooperation) are 
involved in the arrangement?  

End-user related: What is the typical end-user of a 
particular technology for what service, and how 
heterogeneous are they? How do they behave/operate 
the technology and how does that differ within the 
groups?  

Conclusion and outlook 
As an outcome of the proposed approach, we will 
present a documented list of efficient, cost-effective 
technologies and operation modes, characterised by 
infrastructure stream, end-user types, technical, 
economic and end-user related information, as well as 
existing examples of (attempted) implementation. 

This will provide a solid basis to analyse the possible 
combinations of infrastructures, technologies, 
operation modes, services, service-based 
arrangements, and end-users. The most promising of 
these combinations will then be studied, in conjunction 
with insights from WP2 on the governance landscape, 
in a single modelling framework.   
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