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Abstract 
The present work is a part of a major research project aiming to the development of the 
methodology and the corresponding integrated tool for the economic, social and 
environmental evaluation of various alternative energy and fuel Supply Chains (SCs). 
With special consideration of the energy supply options and dimensions, the 
applicability of the present modelling approach to the energy systems planning is 
examined. The energy system of an isolated area consists of a set of energy inputs � 
supply sources, storage facilities as well as a certain profile of energy demand. The 
optimisation model may include various economic, environmental or optimisation 
criteria such as cost minimisation, environmental impacts minimisation, profit 
maximisation as well as  a set of constraints expressing the design, operation and limits 
of the system. A very interesting issue of the present research work is that it introduces 
an approach that may be followed equally well in energy as well in water systems with 
the same characteristics, i.e. in isolated areas with a variety of supply sources and users 
as well as with various criteria and considerations such as technical, environmental, 
social and economic. 
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1. Introduction  
Nowadays, security of energy supply has become a very important dimension of the 
contemporary socio-economic global regime, as its constrained availability in many 
areas of the world sets significant barriers for development, economic and technological 
progress, as well as for social prosperity. Energy supply, in complete accordance to 
water (supply) should be available, affordable, technologically adaptive (being able to 
respond to new challenges through the research and development of the sector), socially 
and environmentally sustainable (minimising the per-case environmental aspects and 
the impacts on human health) and institutionally (regulations and governance) 
compliant (Sovacool and Mukherjee, 2011). Either under the realistic conceptualisation, 
according to which energy is considered as  constrained resource and states should 
emerge to control the strategic resources and find solutions and pathways towards 
community autonomy and diversification of the existing fuel mix, or under the normal 
commodity conceptualisation (Blum and Legey, 2012), under which the resources 
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should be considered as normal commodities and not as strategic points of decisions, 
one should not argue that energy and development are inextricably interrelated.  
 
As an intuitive response to the energy supply problem, with special emphasis in isolated 
areas, alternative fuels and supply options like biomass for heating and electricity, wind 
and PVs for power generation, natural gas for heating and transportation purposes, have 
been introduced to the associated markets, in most of the cases with limited penetration 
rates. Owing that to the intermittent character of the renewable supply options as well as 
to other techno-economic and social oppositions and environmental parameters i.e. 
landscape visual impacts and land intensiveness, many RES-related projects failed to 
dominate in diversification of the supply. However economic barriers related to price 
fluctuations, especially in oil-based fuels and also to environmental quality constraints 
for GHGs� limitations, have reinforced the adoption of renewable-based supply options. 
In any case, these types of decisions i.e. selecting over different alternative supply 
routes is a very complex and multi-parametrical problem since in each option there are 
conflicting goals i.e. minimisation of environmental impact vs. profit maximisation and 
priorities.  
 
This multi-stakeholder and interacting environment has initiated the research 
community to address the problem of energy supply and planning under the systemic 
perspective of supply chain management and optimisation. Biomass and biofuels SCs, 
natural gas, hydrogen and water SCs (Kondili et al., 2010), have been extensively 
studied and modelled in respect to: technical feasibility (Almansoori and Shah, 2009) 
economic viability -profit maximisation and/or cost minimisation- (Papapostolou et al., 
2011), as well as  in respect to key challenges and major barriers (Mafakheri and Nasiri, 
2013). However, the integration of all the dimensions into an evaluation, uniform 
scheme has not yet been widely achieved .  
 
In this content, the present work seeks to develop the basic principles for an evaluation 
framework of multiple and conflicting supply chain options by combining economic, 
technical, environmental and social criteria. The assorted tool for the optimisation of 
these SCs will have its origin in mathematical programming so as to prove the 
optimality of each alternative point of decision. Before that, in the following section a 
concise overview of the novel concept of ESCs on top of the conventional ones will be 
presented along with the emerging issues and complexities followed in the present 
approach. Furthermore the typical representation of the SC will be cited in accordance 
to the major/critical parameters of the optimisation problem.  As quoted above, the 
present research will try to identify all the implications of energy and fuel SCs in 
respect to electricity as end use, as this SC superstructure involves the maximum 
combination of raw materials, production technologies, and has actually the very 
significant social and environmental impacts on the level of strategic planning (i.e. 
installation of a large scale wind park). By this kind of analysis, the interactions of the 
parameters imbedded in the decision making process in terms of social, environmental, 
economical and technological aspects will be identified (qualitative analysis) and 
quantified. 
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2. Energy supply chains  

2.1. Basic conceptualization and emerging issues  
Owing that to similar demand and supply characteristics, the basic conceptualisation of 
product SC which entails the suppliers, the logistics /transportation network, the 
producers and the consumers, as well as time-variant demand and supply characteristics 
(multi and/or single echelon) was early adopted by the chemical industry for the optimal 
operation of batch processes (Kondili et al., 1993). More recently, energy policy makers 
seeking to identify the optimum configuration of specific energy supply streams like 
hydrogen (Almaraz et al., 2012), biomass-based (Pinto-Varela et al., 2011; Yue et al., 
2014) and more end-product oriented ones like bioelectricity SCs (Palander, 2011; 
Pérez-Fortes et al., 2012), embraced the SC representation along with its implications 
and sustainability-specific dimensions (Heffron and McCauley, 2014). Typically, the 
main structure of the SC consists of raw material, feedstock production (supply side) - 
(inventory-storage), distribution / logistics (raw materials), manufacturing / production 
process (inventory-storage), distribution /logistics (end product), and finally the demand 
side (retailers, customers). 
 
Building under the idea of homogeneity and uniform evaluation of these energy and fuel 
SCs, the Resource-Task-Network (RTN) representation was adopted. Looking at the 
background of the work, as acknowledged by Kondili et al. (1993), batch processes in 
multipurpose plants can be modeled and optimised in terms of State-Task Networks 
(STN), whereas both individual batch operations �tasks� and the feedstocks, 
intermediate and final products �states� can be explicitly included as network nodes. 
The term plant is very similar to the concept of the SC since, plants in chemical 
industries maybe characterised as multi-product facilities, where the products follow 
exactly the same production pathways (i.e. the biofuels SC) and as multipurpose 
facilities in which different products may follow different production pathways (i.e. the 
biomass SC). All these, are driven by demand requirements and capacity constraints 
under a short-term horizon (scheduling) or a long-term, strategic planning. In 1994 
Pantelides (Pantelides, 1994) presented an integrated framework based on a Resource-
Task Network (RTN) representation of the process in which all resources (equipment 
items, storage, utilities etc.) are treated uniformly. This generic approach (Figure 1) 
facilitates the conceptualisation of energy and fuel SCs in the case under examination, 
taking into account that complicated production features and differentiated SC activities 
exist, all in a unified and consistent manner.  
 

 

Figure 1. The RTN-generic representation of ESCs  
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3. The proposed mathematical model  

3.1. Basic Characteristics and Structure of the Proposed Model  
The proposed mathematical model, maybe in its most simple form approached by a  
Mixed Integer Linear Programming model, mainly due to the easiness of its solutions. 
In any case, there is no conceptual limitation of the present work to Non Linear 
Programming problem-formulations as well. As quoted above, the progress towards 
modelling of these novel energy and fuel SCs has reached a point where very detailed 
and case-specific, explicit and complicated (i.e. fuzzy, multi-objective optimisation 
problems) modelling schemes exist. However, the present approach due to its primary 
scope, which is to implicitly model in a uniform way the alternative energy SC options, 
is focused on developing a deterministic approach, which will make modelling easier, 
accessible and very structured, too. Owing that to its generic and adaptable nature and 
structure, the solution is sensitive to the parameters taken into consideration for the 
model testing. This sensitiveness of the model parameters imposes the need for 
preciseness, as much as possible, of the selected values; otherwise the optimisation 
maybe rendered out of scope. 
 
Interesting to be acknowledged is that the present work has actual implementation 
possibilities to the level of decision acquired being also special focused both on the role 
of stakeholders and on the associate/representative parameters of decision, like:  

 Legislative schemes 
 Environmental characteristics and limitations  
 Socially just communities 
 Technological choices 
 Economic opportunities 

 
Whilst, the types of decisions that are supported by the model comprise:  

 Selection of specific resources / energy inputs  
 Selection over specific SCs networks and configurations  (in some cases 

seasonal specific according to particular priorities and needs) 
 Selection of (domestic) production capacity and/ or expansion of existing and 

/or imports (0-1) types of decisions  
 Possibility of switching over different optimisation targets depending on the 

regional character of the proposed configuration and the stakeholders interests 
 
Thus, for a selected set of resources and production technologies the optimisation 
criterion is, Maximisation of the Total Value of the ESC:  
 
Max [a1×(Turnover�Total Costs) � a2×(Environmental Impacts) + a3×(Social Benefits)], 
where,   
 a1,2,3: Appropriate weighted � normalisation factors of the different dimensions 

considered.   
 Turnover: Incomes received from electricity production- technology oriented sales 

(if trade-exchange options are applicable in the system under consideration)  
 Total Costs:  Costs related to energy production (investment, maintenance and 

operational costs). 
 Environmental Impacts: Negative environmental impacts of the ESCs in Life Cycle 

Assessment in terms of energy input/output ratio, CO2 emissions, land and noise 
footprint, water consumption. 
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Figure 2. The RTN- generic representation of the energy planning problem under consideration  

 

 Social Benefits: Positive social impact of the ESCs (in LCA view) in terms micro 
(jobs creation) and macro (security of energy supply) economic benefits. 

 
All these subjected to technical and physical limitations like resources availability, 
plants� capacity limitations, storage-stations capacity limitations and energy demand 
satisfaction (under conflicting and high important priorities). 

4. An indicative example of energy planning  
The progress of the work at the moment is in the state of the RTN formulation and 
optimisation modelling for specific energy planning cases in order to validate: 

 The SC approach 
 The various involving parameters  
 The optimisation problem definition. 

 
To that effect, a particular remote-autonomous energy system is considered, where there 
are specific energy users as well as supply energy sources. The potential energy 
planning issues are regarded as emerging in this specific case e.g. energy storage, 
environmental impacts, various stakeholders and a conflicting set of optimisation 
criteria and constraints. In an effort to develop the RTN of this particular system, the 
following scheme maybe shown in Figure 2.  

5. Conclusions 
In the present work, the basic characteristics and typology of the energy SCs and their 
uniform representation is presented. The innovative element of this research relies on a 
twofold approach:  the holistic consideration of different but interrelated aspects, 
economic, technical, environmental and social parameters and criteria, all incorporated 
into an optimisation criterion, as well as to the implicit representation of the fossil and 
alternative energy and fuel (SCs) in a generic/ comparable topology. Following this type 
of representation alternative and fossil based SCs can be easily treated and modelled 
under the same principles/ guides of comparability. The proposed model can also be 
implemented apart from state level for strategic type of decisions, also for supporting 
any type of energy decision planning, even at the level of consumer and/or of a small 
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isolated/autonomous community. The adaptability of the optimisation criterion with the 
weighted factors in each special dimension, economic, environmental and social, 
provides the flexibility to the user to adjust his decision considering the special 
characteristics and needs of each energy planning problem e.g. special emphasis will be 
given to the environmental criterion if the area under examination implies an 
environmental degraded profile.  
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