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A B S T R A C T

Several criteria have been used in the literature to make decision on the relevance/desirability of investing in a
given energy production project. Some investors are interested on projects providing, at the end, a sufficient
amount of benefits while in countries where the initial investment is crucial, the rapidity to get back the initial
investment is an important criterion for the decision to invest into a project or not. Economic criteria can also
allow to rank different projects. Finally they could also help to determine the optimal design of a project/system
in order to maximize/minimize the economic returns of the project (benefit, time to get back the initial in-
vestment….).

This paper aims to answer to the following question: under which hypothesis different economic criteria will
lead to the same conclusion, that is the same decision concerning investment or the same ranking of different
projects or the same optimal design of an energy project. Three concepts of equivalence of economic methods
equivalence are introduced, namely the decision making equivalence, the optimal design equivalence and the
ranking equivalence. the analysis performed is then applied to optimally design a PV/diesel hybrid power system
for a rural area.

1. Introduction

Developing efficient and/or environment friendly energy systems
benefited of great effort during the last decade and should go on to be
investigated in the future, to face the climate change issues. If energy
and environmental indicators are nowadays well known and well de-
fined in most engineering fields (exergy analysis, Life Cycle Analysis),
economics assessments still suffer from inaccuracy in the definitions,
leading to numerous different concepts and methods aimed to evaluate
the economic viability and profitability of a process, or the compe-
tiveness between existing or alternative systems. Nowadays, many in-
vestigations carried on energy systems involve a techno-economical
assessment. In most cases, the process is first designed by optimizing its
energy efficiency, environmental and economic indicators being then
evaluated to prove the attractiveness of a new process or to rank several
technical options. This methodology has been applied for a wide en-
gineering field: energy saving technologies for buildings [1–3], geo-
thermal energy technologies [4,5], solar thermal systems [6–8], co-
generation [9–13] or trigeneration systems [14–16], hydropower plant

[17], carbon capture and storage [18], photovoltaic power plant
[19–22], concentrated solar power plant [23], industrial fired heaters
[24], insulation of district heating network [25,26], bio-fuels produc-
tion [27,28].

More recently, economic indicators have been directly implemented
in the objective function of optimization algorithms used to find the
best design or the best control strategy of a process. Ruiz et al. [29]
proposed a multi-objective optimization method for auxiliary service
design in a coal driven power plant. Economic investment and the net
present value were considered as economic criteria, together with the
energy saving criterion. The problem is solved using evolutionary
multiobjective optimization. In a similar way, Bechara et al. [30] in-
vestigated the optimal design of a combined distillery and cogeneration
plant. The objective functions was exergy efficiency and capital cost,
whereas the selection criterion is the maximization of the Net Present
Value. Theo et al. [31] have presented a mixed-integer linear pro-
gramming (MILP) for the optimal design of an on-grid hybrid power
system with the minimum net present value of the overall electricity
production cost and the selection of the optimum energy storage

https://doi.org/10.1016/j.enconman.2017.12.050
Received 8 August 2017; Received in revised form 21 November 2017; Accepted 14 December 2017

⁎ Corresponding author.
E-mail address: aussel@univ-perp.fr (D. Aussel).

Energy Conversion and Management 163 (2018) 493–506

0196-8904/ © 2017 Elsevier Ltd. All rights reserved.

T

http://www.sciencedirect.com/science/journal/01968904
https://www.elsevier.com/locate/enconman
https://doi.org/10.1016/j.enconman.2017.12.050
https://doi.org/10.1016/j.enconman.2017.12.050
mailto:aussel@univ-perp.fr
https://doi.org/10.1016/j.enconman.2017.12.050
http://crossmark.crossref.org/dialog/?doi=10.1016/j.enconman.2017.12.050&domain=pdf


technology.
Concerning the economic indicators, most of the above studies use

the payback period (PBP) [2,5,9–13,15,20,24–28], but only a few
precise if simple [12,15,26,27] or discounted PBP [20,28] are con-
cerned. Net Present value (NPV) is also widely used
[3,4,14,17,18,20,22,27,28], in particular when optimization is per-
formed [29–31]. LCOE are obviously chosen for energy production
processes [4,11,21–23]. Notice that only a few studies evaluate the
Internal Rate of Return (IRR) [1,3,4,17,19], although that value is often
asked to get funding. A question arising is: does the choice of the
economic criterion have any impact on the final investment decision
(yes or no) on the ranking of different technical solutions, and finally on
the optimal design of the process? Before discussing these points, let us
go back to economics sciences, which usually classify the economic
criteria in four families:: the NPV methods, the rate methods, the Ration
methods and the Payback methods. The first and second criteria are
respectively based on the discount rate and the rate of return while the
third evaluate the benefit proportionally to the investment. Finaly the
Payback methods measure the minimal time to recover the initial in-
vestment. The advantages and disadvantages of the different methods
have been widely discussed in the literature [32–35].

Nevertheless from their definitions and properties, some methods
will lead to the same decision and they are then said to be economically
equivalent. But this equivalence actually depends on the usage an in-
vestor wants to do with the criterion:

• Decide to invest or not in a given project.

• Evaluate/calculate the optimal design of the project in order to
maximize/minimize an economic criterion (benefit/cost).

• Rank different projects.

We thus define three different concepts of equivalence of criteria,
called respectively Decision making equivalence, Optimal Design equiva-
lence and Ranking equivalence. This systematic and quite exhaustive

approach aims to clarify the conditions/hypothesis under which dif-
ferent economic criteria will conduct to the same result, namely the
same investment decision, same ranking or same optimal design.

The paper is organized as follows. We first briefly recall the existing
economic criteria for energy projects assessment in Section 2. Then, to
study the equivalence of these economic criteria, three different ap-
proaches are defined and studied in Section 3: Decision Making
equivalence to make a decision of investment in a given project, Op-
timal Design equivalence in order to design a project, and Ranking
equivalence in order to rank different projects. Finally, in Section 4, we
focus on the optimal design of an hybrid PV/Diesel system as a case
study.

2. Generalities on economic criteria for energy projects

Let us first recall the classical and less classical concepts used to
assess the economical relevance of an investment project.

Generally, three main activities are under consideration in a given
project or study: investment activity, operational activity and finance
activity. In an investment activity, the cash flow is taken as the dif-
ference between the inflows (subsidies, grants, etc.) and the capital
expenditures (CAPEX). In an operational activity, the cash flow is
considered as the difference between the incomes and the expenses
linked to the operation of the system/project (OPEX). Finally, in a fi-
nance activity, the cash flow includes the debt reimbursement and the
dividend [34]. Investment and operational activities are the main ac-
tivities considered in engineering projects such as energy projects. This
paper will deal only with these two activities.

Cash flow of year j CFj is then expressed by:

= −CF I Cj j j (1)

where Ij: incomes of year j (€/y.)
Cj: expenses of year j (€/y.)
In a given project, the evaluation of the cash flow needs many inputs

Nomenclature

C annual cost (expense) (€/y)
CBC conventional benefit/cost ratio (–)
CF annual cash flow (€/y)
CI investment cost (€)
CM maintenance cost (€)
CO operating cost (€)
CPB conventional payback (y)
CR replacement cost (€)
CV capitalized value (€)
DPB discounted payback (y)
DPIR discounted profit-to-investment ratio (–)
e inflation rate (external discount rate) (%/y)
ERR external rate of return (%/y)
I annual incomes (€/y)
i nominal discount rate (%/y)
ir real discount rate (%/y)
IRR internal rate of return (%/y)
LCC life cycle cost (€)
LCOE levelized cost of energy (€/kW h)
LSR lorie-salvage B/C ratio (–)
M economic criterion (criterion unit)
n project lifespan (y)
N number of the operating days per year (day/y)
NAV net annualized value (€)
NFV net future value (€)
NPV net present value (€)
P project (–)

p period for periodic cost (y)
PI profitability index (–)
PWDf present worth discount factor (–)
q number of physical variables (−)
ρ electricity tariff (€/kWh)
S salvage value (€)
t time (h)
u physical variables (vector of size q) (variable units)
UCRf uniform capital recovery factor (–)
USCAf compound amount uniform series factor (–)
USf uniform Series (present worth) factor (–)
W electrical energy (kW h)
Ẇ total electrical power (kW)
ẇ unit power (kW)

Indices

DG diesel generator
inv inverter
j year j
max maximum
min minimum
opt optimal
peak peak PV power
ref reference

Superscript

∗ optimal solution or root of equation
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