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Abstract 
The energy planning problem becomes increasingly important during the recent years 
mainly due to the pressing needs that need to be taken into account in terms of 
economic, environmental and social aspects. At the same time, technology supports 
many options and alternative solutions in the design of energy and fuel supply chains 
(SCs), based on more holistic approaches that have their origin in the production 
management. Considering the introduction of an integrated framework of evaluation for 
alternative energy supply options, the present work applies a RTN (Resource Task 
Network) based representation of the Energy SCs (ESCs) along with a mathematical 
programming optimisation model in order to analyse and model a location specific 
energy planning problem. Special emphasis is given to fuel mix optimisation in terms of 
maximising the economic, social and environmental performance of ESCs. 
Furthermore, the interaction between aspects and implications under the existing 
limitations both in the design and technical characteristics of the system as well as in the 
environmental / air quality limitations, will be also revealed. 
On top of the results obtained, the present work’s added value relates to the 
development of the proposed model for the analysis of various energy planning 
scenarios, comprising in this way a very useful decision making tool.  
Keywords: energy supply chains, energy planning, energy systems optimisation. 
 

1. Introduction  
Energy planning involves the identification of different criteria, stakeholders and goals 
in an interacting environment. Traditional energy planning problems which were made 
on the basis of single criteria approach, aiming at identifying the optimum ESC 
configuration under techno-economic considerations seem to be gradually abandoned, 
as environmental concerns and social implications need to be accounted as well. 
Striving for a transition towards a sustainable energy sector, policy makers must 
gradually balance the trade-offs between energy production and minimum 
environmental impacts whilst providing the opportunity at any level of production 
(local/regional, country/national, global (Thery and Zarate, 2009)) to mobilise the social 
and economic activities.  
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That is the reason that aided-decision making with the use of methods and tools 
(multicriteria decision making, modeling approaches, expert systems and multiobjective 
optimisation (Cai et al., 2009,  Papageorgiou, 2009, Pohekar and Ramachandran, 2004)) 
have gained significant attention seeking to provide a supportive framework of assorted 
decisions under an environment of uncertainty: conflicting goals and preferences 
expressed by parameters and indexes, with many of them being present in an intangible 
basis. 
To this end, modeling of ESCs and especially electricity SCs has been recently 
extended to include on top of economic criteria environmental and social aspects by 
mobilising optimisation methods and tools coupled with lifecycle considerations (Akgul 
et al., 2014, Papapostolou et al., 2014, Pinto et al., 2012, Vance et al., 2014, Yue and 
You, 2014). To this type of problems emphasis is given not only to the selection of the 
optimisation method and the assorted evaluation indicators but also to the representation 
and sustainable design: homogenous and simple framework formulations are adopted 
and used in order to solve large scheduling problems in the chemical process industry 
(State-Task Network (Kondili et al., 1993) and the Resource-Task Network (RTN) 
(Pantelides, 1994)). 
Seeking to describe the problem of energy planning and of alternative energy and fuels 
SCs along the environmental and social aspects beyond the techno-economic ones, the 
present work will introduce the concept of energy planning optimisation under the 
perspective of sustainable development. To this end, based on the RTN representation 
of the alternative energy supply options developed in previous works of the authors, the 
developed MILP model will be tested for a detailed time frame of one day (24h) and 
one month accordingly (720h) for a wind, diesel and storage energy supply option. 
Model results include the adaptability of the optimisation criterion under different set of 
priorities considered and provide operational data for the configuration under utilisation.  
 

2. Modeling approach  
The present modeling approach is formed on the basis of maximising the total value of 
the optimised ESC configuration. In respect to that, all the criteria and the assorted 
indexes were selected and quantified appropriately. The overall value of the ESC(s) is 
estimated by employing three distinctive groups of criteria (on top of a set of weights 
applied in each value): economic, environmental and social. All parameters are 
expressed in €/kWh or in €/kW. More precisely, in the Economic Value the real or 
implied revenues minus the total costs of the electricity generation are considered i.e. 
investment, maintenance and operational costs. Accordingly the Environmental Value 
reflects the positive environmental impact of the ESCs on a Life Cycle Analysis basis 
compared to a– non friendly fossil based ESC (i.e. wind Vs diesel SC) in tn of CO2 eq 
/kWh, all being monetised by the current price of CO2 (in €/tn). Finally the Social Value 
accounts for the social benefits at the micro (employment yield €/ kWh per selected 
technological option) and the macro level (contribution of the selected ESC in the 
energy security of area investigated, with no limitations of the level being examined: 
local/region, country, transnational/global. With respect to that, fossil based ESCs are 
penalised (-1), if being selected by decision makers. Finally the weights being applied in 
each value (all summing up to 1, with 1 being the most important and 0 being the least 
important), reflect the relative importance of each criterion based on the type of initiated 
policy. 
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3. Model development  
The developed mathematical model is formulated as a Mixed Integer Linear 
Programming (MILP) problem, seeking to combine both discrete types of decisions (to 
make an investment for a new energy infrastructure project or not) and continuous ones 
(to demonstrate the best fuel mix utilisation option under the set of existing resources). 
However there are no conceptual limitations to include both non-linear functions as 
well. In the present work a detailed operational electricity supply problem is modelled 
and approached as a LP mathematical model. Under the provisions of sustainable 
dimensions incorporation (Economic, Environmental and Social), the optimisation 
criterion seeks to express the maximisation of the total value of the ESCs’ configuration 
for a preset time horizon H, for a set of resources R, storage stations S, interconnection 
options I and a set of users U to be satisfied:: 

1 , , 2 , , 3 , , r s i r s i r s iMax a ECONV a ENVV a SOCV  (1) 

Where, a1, a2, a3 correspond to appropriately weighted normalisation (overall summing 
at 1.0) factors of the different dimensions considered. At this point one may note that 
the weighted factors are location-specific and case study dependent on the basis of the 
priorities set by the decision makers, if real energy planning problems are approached. 
However if future projects are considered, the weighted factors may result from a 
consensus / experts’ based methodology i.e. a Delphi approach (Kaldellis et al., 2013). 
 
The economic value considers the real or implied Revenues and the Total Costs of the 
electricity generation (Investment, Maintenance and Operational Costs) (TC) (€) 

, , , , , ,    , ,   , ,r s i r s i r s iECONV REV TC r s i R S I  (2) 

In case there are no revenues, the economic value is the negative value the Total Costs.  
The environmental value considers the environmental positive impact of the ESC in 
Life Cycle Analysis compared to an environmental – non friendly fossil based ESC with 
a “typical-average” impact on the environment (for example a moderate case is the 
Diesel SC) (€). For each time –step that we have: 

 , ,   2 (    )r r r s r s i iENVV ENVF EG ENVF ES ENVF EIN PCO , , , ,r s i R S I  (3) 

Where 2PCO  is the current price of CO2 (€/kWh), LCREF  the reference ESC 
environmental value and , ,r s iLCENVF  is the environmental footprint (in LCA terms) of 
each ESC. 
Finally the Social value of the ESC considers micro and macro – economic benefits 
from the implementation and operation of the different ESC configurations (€): 

SOCV MiSOCV MaSOCV   (4) 

 , ,  (  )r r r s r s i iMaSOC SEC EG SEC ES SEC EIN PEX  (5) 

Model constraints reflect the technical and physical limitations of the system. Thus for 
each time-step t we have:  
 Energy production plants capacity limitations for each supply resource r 
 Storage stations capacity limitations  
 Capacity limitations of the interconnection supply sources 
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 Storage balance-rate of charge of the storage stations  
 Land availability limitations  
 Environmental impacts (in CO2eq) from each supply resource in terms of Life 

Cycle Analysis.  
 

4. Case study: Typical Greek island 
Under a pre-set geographical area (typical Greek island in Cyclades complex), for a set 
of available energy supply options (wind, diesel, energy storage) and for a discrete time-
step (hourly based load and demand profile) the present work will try to identify the 
optimum energy/fuel mix utilisation. Modeling is carried out under the timeframe of a 
single day and of a month, under different optimisation targets (economic versus social) 
acknowledging the differentiations that may appear in energy decision making under a 
cross sectional approach. Diesel and storage act as base loads with min capacities 1000 
kW per hour correspondingly whilst the remaining demand has to be met a) in techno-
economic terms (a1=1, a2=0, a3=0) by the combination of their optimal operation for a 
single day (always under the very discrete time step of one hour (Figure 1) or b) just 
accounting for the maximum energy security (MaSOC) -(a1=0, a2=0, a3=1), (Figure 2) 
or c) equally accounting both economic and Macro-Social implications (a1=0.5, a2=0, 
a3=0.5) (Figure 3) in a longer time period- one month. Some preliminary parameters 
considered for model testing are cited in Table 1.  
 
Table 1: Parameters considered for model optimisation  

max
rCAP  Maximum capacity of each electricity production plant r (MW) Wind:10, Diesel: 

10 
max

rCAP  Minimum capacity of each electricity production plant r (MW) Diesel: 1 

max
sESS  Maximum capacity of  the storage station  (MWh) Energy storage: 

10 
min
sESS  Minimum capacity of  the storage station  (MWh) Energy storage: 1 

, ,r s i
OPER  Operational cost of the selected resource, storage station or 

interconnection option (€/ kWh)  

Wind: -0.02, 
Diesel: -0.03, 
Energy storage: -
0.01 

r
EMF  Direct emission factor from each energy resource r, s (in kg CO2 eq / 

kWh) 

Wind: 0.0, Diesel: 
0.8, Energy 
storage: 0.0 

ceiling
EMF  Emissions ceiling factor for the electricity generated (in kg CO2 eq / 

kWh) 
Natural gas: 0.78 

PEX  Exchange losses from imported energy (and resources) (€/kWh) 0.078 

2PCO  Current commercialization price of CO2 (€/kWh) 15 

5. Results and discussion  
Model simulation was undertaken with an open-source optimiser OpenSolver 2.6, 
8.10.14 (Mayson, 2012) with no technical limitations in the number of variables and 
constraints. Results concerning the operational characteristics of an existing set of ESCs 
for a typical winter day and month, with low available energy production and for a 
corresponding winter month are illustrated as follows (Figures 1,2,3). 
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Figure 1. Optimisation results- daily load- 
Economic Considerations (a1=1, a2=0, a3=0) 

Figure 2. Optimisation results- daily 
load- Social/ Security of Supply 
Considerations (a1=0, a2=0, a3=1) 
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Figure 3. Optimisation results- monthly load- Economic and Macro-Social Considerations 
(a1=0.5, a2=0, a3=0.5) 
 
Results obtained evidence that different criteria under different set of priorities 
(optimisation criteria) may result to diverse ESCs configurations. One may notice that if 
considering the long term aspect of energy planning -especially in large scale / state 
level problems- the security of energy supply may be of greater importance than the 
minimisation of the total operational cost of the existing energy production plants. 
However according to the proposed modeling approach cited in the present work a 
temporal and local optimum may be obtained according to the location specific criteria 
set, in each case study under examination.  
 

6. Conclusions 
In the present work the developed mathematical model for the optimisation of 
alternative ESCs, formulated as a LP has been cited. Through a simple case-study the 
hybrid character of the model i.e. to adapt to different optimisation targets based on the 
policy-makers’ needs was revealed. Furthermore the model also provides the possibility 
of being treated as a decision support tool when holistic considerations, mainly 
applicable at large energy planning problems occur. Decisions to be supported by model 
implementation include energy fuel mix diversification possibilities, local security of 
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energy supply, sustainability of energy supply schemes, adaptability of the energy 
decision making process and scheme to incorporate emerging issues and parameters in 
the problem under consideration. The proposed methodology due to its generic nature 
may equally be applied to other types of energy problems i.e. heat and water resources 
energy optimisation. 
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