
Chapter 1
Green Energy and Technology: Choosing
Among Alternatives

Brian Azzopardi

Abstract The primary renewable energy system (RES) investment decision-
making criteria are economics. These criteria are focused on the RES and its
support ancillary infrastructure technical superiorities, such as efficiency and cost,
which is reasonable in the context of generous financial support schemes. How-
ever, when financial supports are phased out the energy market becomes techno-
logically diversified environmental, political and social concerns, which include
both quantitative as well as qualitative criteria, become significant. The technical
superiorities may fail to describe RES or the relevant technology properly. This
chapter is structured in two parts. Firstly, the available knowledge with regards to
the general decision making processes is described, followed by a critical per-
spective about today’s decision making. The second part presents a review of three
enhanced approaches using Real Options Theory, Multi-Criteria Decision Analysis
and Multi-Criteria Cost Benefit Analysis which are applied to RES decision
making both from the personal or investment point of view as well to the policy
and the latter pan-European point of view. Finally, the society challenges are
discussed within this context.
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1.1 Introduction

Historically, the choice of energy has been economics and local conditions. Our
society has been driven to choose inexpensive energy. However nowadays, the
technical superiorities of energy systems may fail to describe for instance
renewable energy systems (RESs) or its technology properly.

In this chapter, the RESs decision making process is examined with a number of
analytical lenses that may not give priority to their technological superiorities.
Although the real life decision-making process is far from the aspired process in
this chapter, this chapter will provide the understanding of the complex multi-
disciplinary decision making approach that today’s experts and policy makers are
faced to address the challenges that society will dictate in the future.

The large scale definition in this chapter is not limited to large system size
magnitudes such as in Mega Watt equivalent but also considers the high
deployment rates of micro-generation which when collected together may provide
a large scale renewable power generation potential.

1.2 The Decision-Process Complexity

The decision process starts when there is more than one alternative to a solution.
As will be described later on in the second part of the chapter, with the use of Real
Options (RO) Theory decision-process kicks-off even between two simple alter-
natives do nothing or do something. There is no fixed framework or a single
sequential approach how to achieve to the best decision.

Figure 1.1 tries to depict the complexity of choosing among alternatives.The
first phase is the Problem Definition which is the crucial stage in decision-making.
It is usually difficult or impossible to fully complete one component in the process
without reflecting on the other components within a decision making process. This
first phase groups the components into more malleable and therefore more realistic
manner. This phase involve data processing that filters the relevant data and the
feasible alternatives by their attributes leading to objective mapping. The criteria
description helps the evaluation which is subjectively mapped to quantitative of
qualitative attributes. While several components of the decision making process
may be considered in parallel, there is no dictated or standardised procedure of
what component comes before the other. Hence, Fig. 1.1 to some difficulty tries to
draw the interrelationships between all components. It also includes a very
important component in today’s world, the perspective of the decision maker.
Information and data can be gathered to understand more holistically the per-
spective of the decision maker being at political level, business level or individual
customer level. Perspective change depending on the decision maker position and
during the next phase due importance may be provided. This will lead to the most
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missing aspect in decision making which is usually referred to ‘feedback’ and will
help finding the trade-off between different decision makers’ perspectives.

The objective of a decision making process is the focus of the problem defi-
nition. The objective may have a multi-dimension perspective and several impacts.
This is illustrated by the following example for decision making:

• To integrate nationwide renewable energy systems, an example using multi-
criteria decision making technique is further illustrated in second part of this
chapter.

• To inform stakeholders including policy, business and end-user on diversified
renewable energy technology for example in case of photovoltaic (PV) tech-
nologies. An example is also illustrated in second part of the chapter.

Fig. 1.1 The complexity of choosing among alternatives
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• To evaluate production high throughput practices in producing renewable
energy systems or components.

The second phase is the modelling and decision analysis. Figure 1.1 shows a
wide range of techniques that may be used, while the importance of results can
differ for decision makers. The decision analytics methods may be undertaken
combined such as with simulation models which are fed to multi-attribute utility
analysis. There is an extensive classic works on decision making techniques [1, 2]
which goes beyond the scope for this chapter, including aspects related to the
behavioural viewpoint in Kahneman et al. [3] which aspect has already been
highlighted above. In the next subsections, a brief description is given to all the
named techniques.

1.2.1 Voting

In voting methods, the stakeholders that have the right to vote can voice up and
choose democratically an alternative over another. However this allows for the
possibility of political interference and may not result in complete unbiased
solution to be the right choice. Voting can take many forms such as using simple
voting system or preferential voting system. Voting technique may also inform
decision makers to form the ‘‘big picture’’ that is the holistic approach and fed
back to the decision support system.

1.2.2 Cost-Benefit

Cost-Benefit Analysis (CBA) computes the ‘‘net present value’’ (NPV) which is
usually monetary value based on one time snap-shot all the benefits and costs of a
project, decision or policy. CBA has been widely used in RES projects to justify
investment or compare projects and sometimes even coupled by other economic
theories such as the RO Theory which will be further described in the second part
of this chapter.

Related formal techniques include cost-effectiveness analysis, cost–utility
analysis, economic impact analysis, fiscal impact analysis, and social return on
investment (SROI) analysis. When Life Cycle Costing (LCC) is incorporated
within CBA, the technique finds out the total cost of ownership. It is a structured
methodology which deals with all the elements of this total cost of ownership.
Hence an expenditure profile of a system over its anticipated life-span can be
formed. The results of an LCC study can be employed in the decision-making
process over a number of products or systems. The accuracy of LCC analysis
diminishes, as the project’s finances are more into the future. Hence, long term
assumptions are preferred on all alternatives.
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Investment appraisal may be assessed with varies LCC metrics. The NPV
which is the basis for CBA, or worth present value, is the most common technique
[4, 5], representing the investment wealth level. The NPV is calculated on net
annual cumulative present value cash flows, that is annual inflows less annual
outflows. The benefit of an investment is indicated by a positive NPV. All net
annual cash flows are discounted over the lifetime of the investment. This incor-
porates the time preference, which reflects the investor’s preference of having
money today versus future revenues.

Similarly, the Internal Rate of Return (IRR) indicates the rate of return gen-
erated by the investment and is the discount rate by which the NPV equals zero.
The selection over alternative investments is based on the highest IRR. IRR entails
more complex calculations than NPV and does not always provide a single answer
[5]. In fact, IRR does not provide an indication of NPV sensitivity to cost of
capital.

Another LCC metric for investment appraisal is the Profitability Index (PI),
which represents the present value of future cash flows generated by the project per
unit of invested capital. The viability is indicated by PI greater than one.

Some other investment appraisal tools are Payback Time (PBT), defined as the
period it takes for a project to recover cost outlays. Feasibility by payback period is
predetermined by a period which is always significantly less than the project
lifetime. Last but not least is the Annualised Life-Cycle Cost (ALCC) appraisal
metric which averages upfront present value of the life cycle project cost over the
investment lifetime [5].

The basis for CBA based on LCC was recently used to determine the cost of
electricity from emerging plastic-based PV systems [6] and the impact and
affordability of PV RES financial support schemes such as the feed-in-tariffs (FIT)
in the UK [7].

1.2.3 Payoff Matrix Analysis

Originating from Game Theory, a payoff matrix analysis tabulates the advantages
and disadvantages of a choice. This includes the uncertainty of a possible outcome,
however the technique is limited to a set of alternatives and outcomes under the
decision maker’s control. Payoff Table Analysis is widely used in the energy field
such as in energy markets [8].

1.2.4 Weighing Scoring

A less political dependent but powerful and flexible tool is the weighted-scoring
method. These kind of methods compare and prioritise the attributes of alternatives
against a fixed set of ‘‘must have’’ (high importance) to ‘‘no need’’ (low importance)
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criteria. It is a commonly used tool when we normally buy things to make an objective
impression to our decision from a subjective process. The final score will rank the
alternatives for example on submitted RES projects for a public tender, product
selection by a bidder within a RES project tender call, risk analysis and design.

1.2.5 Mathematical Optimisation

Mathematical optimisation also known as mathematical programming technique is
the selection of best available variables to an objective function within a domain
defined by a number of equalities and inequalities constraints. The objective
function, also described as cost function and indirect utility function in case of
minimsation, utility function in case of maximisation and energy function incase
of other fields, represent the decision maker’s objective such as maximising
profits, or minimising environmental impacts. In complex scenarios where there
exits conflicting objectives, multi-objective optimisation provides trade-offs
between the objective functions, and a possible compromised solution may be
suggested. Optimisation may also be used in combination with modelling and
simulation especially in large complex problems where uncertainty would require
to analysis the system dynamically-such attempts are called stochastic optimisa-
tion. Optimisation has been used widely in scholarly studies such as in recent
studies [9] and has been useful in many power systems scheduling examples. The
methodology may become useful in the case for real-time optimisation for smart
grid application. However this application would have to see novel mathematical
solutions to achieve fast-response solutions as optimisation problems are usually
iterative and require processing time and machine power to solve.

1.2.6 Utility Function

This analysis is the process for structuring a logical framework which may even
include the use of other decision making methods and techniques, while informing
the decision maker and other stakeholders. Graphical representations are com-
monly used in decision analysis such as influence diagrams and decision trees.
Uncertainty may also be incorporated with the use of probability distributions. The
objective is represented by the ‘utility’ functions maximisation, hence the name.

1.2.7 Economic Models

Complex models were developed based on ‘free market’ approach which basically
is surrounded by the assumption that prices dictate choices and that the economy

6 B. Azzopardi



may be modeled as a system. The assumption leads that if there is any change in
prices, a general equilibrium is reached and that self-interested individuals in a free
market economy would collectively produce benefits for the society. However
these models have been discussed in depth that assumptions taken may be too
drastic and not real-life scenarios. Hence micro-economists learned that these
models are not necessary stable. Later on in this chapter we shall discuss further
theories to enhance such models.

1.2.8 Simulation Models

This technique usually models a time-series historical collected data to assess the
real life behavior of a physical model based on a soft prototype. Simulation
modelling is an inexpensive process to predict the performance of engineering
systems, including for example grid control with RES penetration or simply RES
generation capacity for the next day. Uncertainties are usually addressed through a
number of case scenario studies.

1.2.9 Multi-Attribute Utility Analysis

Multi-Attribute Utility Analysis, also called Multi-Criteria Analysis (MCA) is an
extension to the utility function technique in which multiple criteria and set of
defined alternatives are evaluated in a hierarchical decision that allows a mathe-
matical solution to be found. A family of methods has recently seen an increase
interest in the energy field. Typical used methodologies such as SMART,
PROMETHEE and ELECTRE outranking methods rank alternatives from best
preferred to worse according to the decision makers preferences. In the second part
of this chapter the ELECTRE III is applied on PV technology selection.

1.2.10 System Dynamics Modelling

This technique models complex systems, which incorporate feedback loops and
time delays that are present in a system and effects the holistic performance. This
technique although might look as describing a simple system the influence on these
mathematical formulation to represent the system dynamics may lead to a com-
putational time and power demanding problem.

The third and final phase of a decision making process is adjudicating. Here
results are plotted, listed or tabled, and a final decision can be taken after testing
the robustness of the decision analysis framework through sensitivity analysis.
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In the end, the choice for an alternative over another or the decision is yours.
The general techniques, which have been basically developed in mid-twentieth
century have been described above. Further details on recently enhanced meth-
odologies to address the shortcomings of these techniques is described in the
second part of the chapter.

1.3 How are Decisions Taken?

Unfortunately even though there exist multiple techniques to analyse the most
suitable or optimal or feasible solution, it is still early days that complex tech-
niques are truly being exploited. As individual concerns for example we face
decisions on a daily basis that would require time and money to analyse each
decision properly, even though some techniques discussed are quire straightfor-
ward these techniques are unlikely being used on individual basis.

On the political aspect, politicians would like to keep protecting re-election
chances. While the use of regulators which may balance these political interfer-
ence situations in many cases in EU regulators, sometimes the regulators them-
selves have been over passed by the political will of politicians.

On the other hand decision analysis is important in business and planning.
However at the end these dimensions are still at risk due to any political interference
which may change the scenario completely within especially an emerging market. A
case in point is the generous FIT support schemes that emerged in the EU during the
last decades. While initially, the purpose of these tariffs has been achieved by early
adaptors that is to increase RES deployment these schemes are nowadays obsolete.
Many companies that invested a lot in research and development in new promising
technologies, such as in the case of PV technologies, most often even supported by
government funds, had to file bankruptcy in view that mature technology dominated
the market with the old engineering decision analysis that is biased towards cost and
efficiency. This basically let to downgrading innovation.

1.4 Engineering Decision Analysis

Engineering decision making is based on the same components highlighted in
Fig. 1.1 and Sect. 1.2, plus one final important phase, phase four, that is the post
audit of results. The post audit of results is a verification stage that decisions taken
had the right course of action and if required amendments may be considered. This
verification process is performed in some cases at regular intervals such as in the
manufacturing process of products for RES or even in real-time such as for grid
monitoring.

Engineering decision analysis has often focused on technical superiorities such
as costs and efficiency. Hence the economic decision analysis using criteria such as
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NPV, IRR and PBT has dominated the decision approach within the industry in
general for many decades.

However the social responsibility adopted by major entities and the ‘greeness’
criteria that reflect the impact or benefits one makes towards the environmental
criteria are taking shape within decision making frameworks. In addition quali-
tative criteria which most often are difficult to quantify cannot be missed out
either. These added complexity to decision making will be described more in the
next section.

1.5 Decision Support Systems

This second part of the chapter provides a brief overview of selected three
approaches that apply a combination of techniques described in Sect. 1.2, and
further developed more robust frameworks for decision support systems to choose
among a number of green energy and/or technology solutions.

The first is using the enhanced economic theory of RO Thoery used in recent
studies exploring the investment decision on PV technologies and systems [10].
Although the work was when the FIT in UK was not yet tracked with an IRR, the
framework provides a degree of understanding on the uncertainty, which can be
used in many scenarios worldwide as well as on many different technologies and
energy systems. RO Theory has recently increased its popularity within academia
on energy systems. A comprehensive review is given in Martinez-Cesena [11].

The second approach uses Weighed in system planning: ENTSO-E’s cost/
benefit method, a new European method developed by the European Network of
Transmission System Operators for Electricity (ENTSO-E) [12]. The methodology
falls under the Ten Year Network Development Projects (TYNDP) and includes
network and market modelling for a harmonised energy system-wide cost-benefit
analysis at Union-wide level for projects of common interest.

The third approach is a complex decision support system that integrates the
technical, economic and environment qualitative and quantitative criteria to help
with a diversified technology decision choice. A number of quantitative criteria are
pre-calculated through simulation and modelling. This example also contains dif-
ferent perspective of the decision maker being political, business or end-customer.

1.5.1 The Real Options (RO) Theory Approach

As discussed earlier, the failure and dissatisfaction in economic models using
discounted cash flow methods (DCF) [13], and the introduction of the Black–
Scholes equation [14] gave rise to the creation of RO theory. In fact what RO
theory does is enhance DCF methods to better address uncertainty for example
with technology development and derive its options.

1 Green Energy and Technology: Choosing Among Alternatives 9



RES projects and their associated investment projects from manufacturing to
site installations possess ‘real’ options that if identified and implemented may
increase the investment worth [15]. These ‘real’ options may be defined as projects
adjustments that the decision maker seem fit in response to the evolution of
uncertainty such as delaying or rushing investment and building additional
infrastructure [16].

Today, the RO theory has been applied widely to RES, and a comprehensive
literature review is available [11]. The applications have also differed from
assessing investment time [17], examining the investment indifference [18] and
addressing uncertainty in the LCC of RES systems due to the Emissions Trading
market [19].

In this study, RO theory was based on indifference, and cost and efficiency
forecasts [20] for a diversified range of PV technologies to assess investment,
while considering solely the option for delay.

The indifference within this developed RO theory model was based on the
assumption that PV module prices will not increase and efficiencies will not
decrease in the future for a particular technology. However if the price for PV
module is higher, efficiency increase is expected to achieve the indifference. The
normalised result of this process is shown in Fig. 1.2a showing the combinations
of Mono-Si PV type modules’ cost reduction and efficiency increase.

Meanwhile the forecasted technology development is based on the targeted
efficiency values [20], while those for costs are based on PV module predictions

Fig. 1.2 a Mono-Si PV system indifference curves, b CdTe PV system efficiency and cost
forecasts, c a-Si PV system forecasts indifference, and d CIGS PV system delay assessment
example
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[21] and experience curves. Figure 1.2b shows the forecast for CdTe module costs
based on available efficiency predictions and learning rates of 15 and 22 %.

These indifference and forecast curves are then normalised by their current
average values and contrasted on top of each other as shown in Fig. 1.2c for a-Si
PV and (d) CIS PV systems delay assessment examples. Further from the origin
means higher efficiency improvements and cost reductions while the area above
the indifference curve represent a convenient delay, below is vice versa.

In summary this approach has simplified the assessment of the economic
convenience of delaying projects such as in this case investments in PV technology
within a domestic grid-connected PV system. It has been noticed that the option to
delay investment is mainly affected by the time-value of money, type of loan and
technology forecasts. An interesting aspect is that a delay option may become a
driver for emerging technologies exhibiting inferior technical superiorities over
mature technologies to penetrate the market.

1.5.2 Weighed in System Planning Approach

The EU Regulation 347/2013 requires the European Network of Transmission
System Operators for Electricity (ENTSO-E) to establish a methodology, includ-
ing on network and market modelling, for a harmonised energy system-wide cost-
benefit analysis at Union-wide level for projects of common interest [12]. The
developed framework is a Multi-Criteria Cost Benefit Analysis for candidate
projects (feasible alternatives) of common trans-European interest and projects
which fall within the scope of Ten Year Network Development Plan (TYNDP).

Fig. 1.3 The scope of the multi-criteria cost benefit analysis [22]
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Fast developments and deployments in RES as well as the EU electricity market
liberisation has moved towards large scale diversified power generation portfolio
offering more and more interdependent power flows across Europe, with large and
correlated variations. Therefore, Transmission System Operators (TSOs) must
look beyond traditional boundaries, usually based on national conditions, and
move towards regional and European solutions. Hence the scope of developing this
Multi-Criteria Cost Benefit Analysis, Fig. 1.3, with mid and long term objectives
which addresses system safety, security, sustainability, market access and increase
energy efficiency within the liberised EU power and electricity market regulations,
policies, national legislations and procedures.

The methodology facilitates the planning of pan-European transmission system
and assess new transmission assets which is one of the many number of feasible
solutions. However it does not exclude other possible alternatives in particular
energy storage, as well as generation and/or demand side management. The
quantitative assessment is performed both by translating the inner ring attributes in
Fig. 1.3 to a monitised value in € for example as well as through the measured
physical units such as kgCO2-eq or kWh for the outer ring attributes in CO2

emissions reduction would have benefits on production cost savings given an
adequate carbon price. Considering emissions as a separate attribute and an ade-
quate carbon price may lead to double counting. Similarly, integration of renew-
able energy would have benefits on production cost savings. On the other hand,
local and environmental costs contribute to the infrastructure costs. Such impacts
includes the impact on human beings, on the local fauna and flora, on material
assets, and on cultural heritage, as described in the Environmental Impact
Assessment (Directive 85/337/EEC) [22].

This set of common European-wide indicators will form a complete and solid
basis, both for project evaluation within the TYNDP, and coherent project port-
folio development for the common interest selection process. Initially, the plan-
ning process consists of the definition of scenarios, which represent a coherent,
comprehensive and internally consistent description of a plausible future. The aim
of scenario analysis is to depict uncertainties on future system developments on
both the production and demand sides. In order to incorporate these uncertainties
in the planning process, a number of planning cases are built, taking into account
forecasted future demand level and location, dispatch and location of generating
units, power exchange patterns, as well as planned transmission assets.

1.5.3 Multi-Criteria Analysis (MCA) Approach

During the past decade, decision support systems using multi-criteria analysis
(MCA) models and techniques has been widely applied for energy systems in a
multitude scenario on political and national level to technology specific and
manufacturing processes. MCA techniques such as utility theory, hierarchy pro-
cess, weighted sum and others are available in literature [23, 24].
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In this approach, the outranking ELECTRE III method was chosen as it makes
use of the discordance concept and do not hold structural properties in outranking
relations. In addition the ELECTRE III has other superior features of partially
having non-compensatory treatment of the problem and proportional thresholds for
imprecise data from other outranking methods such as SMART and PROM-
ETHEE, which may turn out to be a difficult task [25–27].

The purpose of this study was to elaborate and demonstrate the first multi-
criteria decision support tool for an investment in PV systems [28]. Currently the
PV micro-generation market, which is the largest PV market, is dominated by
mainly five technologies namely mono-crystalline silicon (mono-Si), multi-cyrs-
talline silicon (multi-Si), amorphous silicon (a-Si), copper indium gallium disel-
enide (CIGS) and cadmium telluride (CdTe). Additionally, emerging polymeric
organic-based PV (OPV) technologies have the potential to enter this market [6].

In the future, the use of PV technologies will have to be diversified to ensure a
sustainable PV energy supply to the market. This implies that the overall assess-
ment and selection of PV technologies will have to consider several criteria to
address the particular technical, environmental, and economic factors associated to
a wide range of available PV technologies [29].

The application of MCA can combine the various viewpoints into a standard-
ised evaluation procedure. Figure 1.4 illustrates the final ranking considering all
technical, environmental and economic quantitative and qualitative criteria such as
PV contribution to local load, Module Design, CO2 impact, aesthetic aspects, NPV
and technology maturity. Of interest is the result in the ranking of crystalline
silicon based technology alternatives (A1 and A2) and thin film technologies (a-Si
A3, CIGS A4 and CdTe A5) which illustrates their incomparability.

In summary the study demonstrated that reduction in cost and enhanced tech-
nology developments are required for preferential ranking. Today the thin-film
(TF) PV technology and the crystalline (c-Si) PV technology have a competitive
edge in the market, and this study shows certain insuperabilities. In this context,
crystalline technologies are more expensive. However, this PV technology offers a
much better CO2 benefit than emerging technologies due to high efficiency levels.
MCA study as demonstrated in this study can be used as a preferential indicator for

Fig. 1.4 Final ranking under all three perspectives with 0.80 PR (Performance Ratio), where A1
refer to mono-Si, A2 refer to multi-Si, A3 refer to a-Si, A4 refer to CIS, A5 refer to CdTe and A6,
A7, A8 and A9 refers to stable/fixed, reference, optimistic and pessimistic technology
developments respectively in organic-based PV (OPV) technologies with respect to efficiency,
lifetime and price
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any PV technology integration within a competitive market under three categories
namely technical, environmental and economic.

1.6 The Challenges to Society

Several international cooperative programme frameworks, protocols and summits
have taken shape to address global concerns such as population growth, green-
house gas emissions and climate change. These frameworks such as the Frame-
work Convention on Climate Change (FCCC) and the Kyoto Protocol led by the
United Nations are a first step to enhance the conservative engineering decision
making focused on purely efficiency and cost economic analysis and provide
achievable targets to enhance the future sustainability of the planet and the current
living population.

The energy debate is open but decision making to the society is only reserved to
the big players. Better access to the energy markets by consumer will provide more
stability and improve the functionality of markets, as well as their transparency
and information on the demand and supply side. This includes the removal of
harmful subsidies both for long standing support to fossil fuels and the generous
financial supports for renewable that distorts the markets.

On the other hand energy poverty needs to be elevated and improve access to
reliable, affordable, economically viable, social acceptable and environmentally
sound energy services and resources. In this chapter we have seen that not all
criteria are quantitative, some are qualitative ones which brings about the problem
of measuring their attributes. Using decision making techniques can help also
provide more knowledgeable decisions and may act as a key to resolve syndromes
such as the NIMBY (Not In My Back Yard) or BANANA (Build Absolutely
Nothing Anywhere Near Anything) ones.

1.7 Summary

This chapter has assessed the decision making of technologies in RES. The defined
large scale renewable power generation in this chapter is not limited to large size
system magnitudes of Mega Watt equivalent but also considers the high deploy-
ment rates of micro-generation which when collected together may provide a large
scale renewable power generation potential. Therefore the chapter has considered
key decision making techniques across a range of applications in industry from
manufacturing RES components or products for large scale generation, operations
decision within an energy grid, investment decisions as well as policy guidance.

We took off with the thesis that the technical superiorities of efficiency and cost
may not describe well all the alternatives of green energy and technology and
therefore we need to move forward from the traditional engineering decision
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making. Unfortunately, today most real-life decision making within traditional
industries such as the utilities are still based on conservative old style of thinking.
In addition traditional decision making techniques may have also failed to take
into account the likely technology developments.

A case in point is the lack of uncomfortable use of net demand planning that is
considering also all distributed and intermittent generating sources within the
demand profiles, over conservative demand planning that is considering only
dispatched generation sources regulated by the utilities. In addition there exists
conflicts in the context of generous financial support schemes or even to some
extent support of fossil fuels, mostly in terms of subsidies, which is leading to
dominant mature players take up the market while emerging technologies end up
investing but hard to integrate.

The chapter therefore described three main enhanced approaches:

• RO Theory, where the technology developments and the scenario changes are
taken into consideration for an investment decision in case of RES for instance-
making a wiser and knowledgeable investor decision,

• Weighed in system planning: the Multi-Criteria Cost Benefit Approach being
developed by ENSTO-E for transmission system planning, and

• Multi-Criteria Decision Analysis, where multiple criteria and several alterna-
tives may be brought together under many different techniques, even in some
cases considering or combining both quantitative and qualitative matrices to
help with decision support under a respective perspective.

Beyond the economic costs and benefits green energy and technology solutions
offer, there are other considerations to be taken into account when choosing truly
from alternatives. Here we tried to highlight some of these criteria which may
stand well, but not limited, under one of these four streams technical, environment,
economic and social.

All energy systems and their technologies have both positive and negative
impacts under these streams be it termed ‘Green’ or ‘Dark’ energy. The task that
engineers, politicians and basically human kind face as we transit to a sustainable
energy future is to weigh up all relevant criteria and decide more transparent and
structurally correct way.
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