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Abstract: This study investigates insights concerning the future of the cooling market of the European
Union (plus the United Kingdom) and its possible development for the upcoming decade (until 2030).
In this manuscript, a qualitative model—Porter’s five forces analysis (PFFA)—and a quantitative
tool—multi-criteria decision analysis (MCDA)—have been applied to produce a forecast and a
corresponding validation technique. It has been observed that the MCDA tool came to a similar
conclusion as the PFFA methodology, highlighting that, presumably, the cooling market will continue
to grow moderately, mainly thanks to research and development (R&D) as the central driving force.
Moreover, the latter is strictly connected with R&D developments, economic crises, and the welfare
of the European population. Additionally, in this study, an extensive survey conducted on interviews
of experts throughout each European country confirmed the slightly positive future developments
forecast up to 2030 from the quantitative and qualitative methods mentioned above. The results of
the study describe a steady growth of the cooling market in Europe until 2030 of about 1-2% annual
increase, for a total gain of 24%.
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1. Introduction

In the past few decades, the European Union (EU) has urgently supported the transi-
tion to renewable energy sources (RES) from fossil fuel technologies. Significant effort has
been put into the aforementioned transition by revising the policies and regulations which
coordinate the EU energy and climate framework. Initially, the central goals were written
into legislation by the Renewable Energy Directive (RED-2009/28/EC) and recently revised
in 2018 in the resulting REDII from 2021 to 2030 [1]. In 2018, the EU’s greenhouse gas
emissions (GHG) dropped by 23% compared to 1990 levels. According to the carbon-free
policy, the EU points to reducing its emissions by at least 55% by 2030 and aims to be the
first continent to reach carbon-neutrality by 2050 [2,3].

In addition to RES, energy efficiency has been a central focus of the EU’s attention
toward climate change resilience. As in the case of the RED II, the Energy Efficiency
Directive II (EED II) was revised in 2018 by setting a target of 32.5% energy efficiency
increase throughout the EU27+UK zone by 2030. Energy efficiency targets need to be set
and pursued by each EU27+UK country [2,3].
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In 2018, the EU27+UK primary energy consumption (PEC) was about 1600 Mtoe/y,
22% above the 2030 target [4,5]. Moreover, end-users’ total energy, or final energy consump-
tion (FEC), was about 1124 Mtoe/y, 22% above the 2030 mark [4,5]. The most significant
contributor to the PEC is the heating and cooling (H+C) sector with a value of around
800 Mtoe/y, which includes different sectors such as space heating (SH), space cooling
(SC), domestic hot water (DHW), and industrial heat [6,7]. The EU member states (MSs)
have turned their attention to energy consumption quantification to align with the goals
mentioned above. Significant data reliability, availability, and accessibility issues have been
encountered regarding the H+C sector, especially for SC, which has barely been explored
in the scientific literature [8,9].

Regarding the second law of thermodynamics, “cooling” is considered the effort of
removing heat. This requires an external energy input, since the heat naturally flows from
a hotter object or space to a colder one. Cooling accounts for a small share of the EU’s FEC,
around 4%, including SC and process cooling (PC) [10]. Notably, the term “space cooling”
refers to the exclusion of heat from the enclosed air of a confined space (e.g., buildings)
causing a decrease in the temperature and/or a phase change for the thermal comfort of the
tenants, while the term “process cooling” refers to removing heat from products, processes,
or an industrial space that needs to maintain a specific temperature. District cooling (DC)
is also included in the share mentioned above, although it has not been explored in any
depth in the scientific literature. Mainly, DC refers to the deployment of cold thermal
energy in chilled liquid forms to multiple buildings or sites for SC and PC purposes [11,12].
District cooling primarily involves commercial and public buildings and the industrial and
residential sectors [13,14].

It is worth mentioning that, in this study, the term “cooling” refers to both SC and PC
and that the specific term is used when differentiation between them is necessary.

A constant increment in the total FEC has been observed in the past thirty years
regarding both the sales volume of cooling equipment and the cooled floor area, and it is
expected to increase substantially between 2030 and 2050 [10,12,15]. Several notable factors
contribute to cooling needs, such as population growth, global warming, weather events,
urbanization, digitalization, and modern building design which involves wide glazing
areas [8].

The novelty of the current work is related to presenting insights concerning the past,
present, and future cooling market (SC and PC—including DC) of the EU27+UK zone.
Remarkably, it is worth stating that the subject of “cooling” is scarcely investigated in the
scientific literature. Hence, knowledge and data are restricted for the SC sector, both in the
residential and tertiary sectors, while the SH sector has been widely studied.

The current study aims to understand the possible developments of the EU’s cooling
market for the upcoming decade (until 2030). The objectives of the work are in complete
accordance with the previous study of Pezzutto et al., 2016, in which the research team
conducted expert interviews to collect information and input data to inform Porter’s five
forces analysis (PFFA) and a multiple criteria decision analysis (MCDA) tool [16]. Overall,
a pool of around 56 experts (two from each country) have been contacted to feed the model
and the tool. The expert pool was interviewed, and answers were collated regarding the
entire EU27+UK. By combining the aforementioned model and tool, we generated an
outlook until 2020 (starting from 2016), which this study aims to actualize until 2030 [16].

The present paper is structured as follows: Section 1, which introduces the work,
locating it in a broad context; Section 2, which explains the materials and methods em-
ployed, including the model and tool; Section 3, which presents the outcomes by facts and
figures; Section 4, which provides a discussion and critical evaluation of the main results;
and finally, Section 5, which indicates the conclusions and potential future implications of
the study.
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2. Materials and Methods

The current section explains the model (PFFA) and tool (MCDA) introduced in
Section 1. The PFFA and MCDA tools have been applied to generate a forecast and a
respective validation method (consistency analysis). It is worth mentioning that the PFFA
can be considered as a quantitative model, while the MCDA is recognised as a quantitative
tool. Both methods have been compared to understand the cooling market’s potential
future development in the EU27+UK until 2030.

2.1. Porter’s Five Forces Analysis (PFFA)

Generally, the market’s status quo is individualized by the PFFA model. Moreover,
the model can predict its potential future development based on the starting point. The
present model considers the “de facto” market structure [17]. A better-elaborated tool has
been developed from a traditional PFFA to generate a clearer evaluation of each force in the
current study. Notably, a scale for weighing and a scheme for grading have been revised.
Moreover, to properly evaluate the model’s results, a calculation system has been provided.

Five competitive forces have been taken into consideration in the developed model:

Force 1—market new entrant threat;

Force 2—the service or product substitute threat;

Force 3—the bargaining ability of suppliers;

Force 4—the bargaining capacity of buyers;

Force 5—the rivalry of the market’s existing competitors.

The respective factors characterized the forces mentioned in the bullet points above. In
particular, the influence of each factor on the EU27+UK trade (positive: + or negative: —),
and its importance (from 10+ to 10—, with 0 specifying no influence) had to be indicated.

Concerning Forces 1 to 4, it should be said that by summing each factor characterizing
the individual force, the results were obtained. Additionally, Force 5 was individualized by
contrasting Forces 1 to 4.

The outcome of Force 5 was characterized by a rating scale. The latter was the sum
of the parameters utilized to determinate Forces 1 to 4, and eventually multiplied by the
values 10+ and 10— (upper and lower limits) as presented in Equation (1) below.

Force5=F +FK+FE+F @)

where Fj, F,, I3, Fy are the results of each aforementioned force obtained by summing
each factor.

Lastly, Force 5 was converted to a percentage by dividing the result by the cut-off
value of the related rating scale. The previously mentioned ranking, in turn, was ultimately
converted per centum: 100%+ and 100%.

Figure 1 below visually highlights the whole process.
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Figure 1. Porter’s five forces analysis diagram [18].

In this study, the extended PFFA model was assigned to the current cooling market of
the EU27+UK zone. In particular, the term “cooling market” refers to vapour compression
(VC) as the dominant technology within the European cooling market, while fans, thermally
driven heat pumps (TDHP), natural ventilation, etc., were considered as substitutes as they
compete with the technologies of VC [19].

A consistency analysis was performed to determine the extent to which scientists
agreed on the criticality of the factor. In more detail, the level of agreement was quantified
by the interquartile range (IQR) of the weight distribution [20].

The above-mentioned system of measurement gives the difference between the 75th
percentile and the 25th percentile of the data. The 75th percentile is the weight below
which 75% of all weights per sub-goal or sub-factor fall. It has been observed that among
scientists, the low agreement is determined by a high IQR [14-17].

2.2. Multi-Criteria Decision Analysis (MCDA)

The current section is focused on the MCDA form, which has been applied to generate
reliable predictions of the EU27+UK cooling market development.

The above-mentioned tool entails both the objectives of the EU27+UK market actors
and the external factors that will shape the market evolution until 2030.

Overall, the objectives and factors are divided into sub-objectives and sub-factors.
Experts weighed the objectives, factors, and importance of each sub-factor. For this purpose,
28 experts were selected, one for each EU27+UK country. It is important to note that all
experts differed from the previous PFFA.

The weighting of each sub-objective and sub-factor again ranges from 10— to 10+,
depending on their grandness and impact (positive: + or negative: —) on market evolution.
As with PFFA, 1 represents minimum importance, 10 represents maximum significance.
The number 0 represents no significance at all. Once more, the symbol “+” represents
an optimistic influence and the symbol “—" represents a pessimistic influence. The tool
followed the indicated method. Essentially, the objectives, factors, and respective sub-
items were ordered vertically and horizontally to form the edges of a matrix. Moreover,
the influence of each sub-factor on each sub-goal is indicated. Thus, the influence of the
external sub-factors on the respective sub-goals of the market participants is measured by
multiplying the weights of the sub-factors by the weights of the corresponding sub-goals. It
has to be said that, whenever a negative value is multiplied by a positive one, the outcome
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is necessarily negative. Additionally, the negative sign is retained whenever two negative
values are multiplied.

By summing up the resulting terms, a value per sub-factor is then obtained, indicating the
measured influence and importance of the sub-factor on the market participants” sub-goals.

In addition, the results of the sub-factors were characterized by a rating scale (from
low to medium to high). The limit above the rating range was determined by multiplying
the highest possible weight (value: 10) by the number of sub-objectives indicated (upper
limit indicated by + and lower limit by —).

Lastly, the checked influences and importance of the outer sub-factors on the sub-goals
of the market participants were compared with each other to discuss result indications.
The essence of the computation was estimating the influence of the individual external
factors on the market participants” goals to provide personal predictions for possible future
market development [21-23].

Figure 2 visually clarifies the MCDA calculation scheme.

Goals
Goal B Goal y Goal & Goal €
+ 0 + (axy) + (axd) + (axe) =Result line 1
+ (bxB) + (bxy) + (b x8) + (bxeg) =Result line 1
+ (cxB) + 0 + (cx8) + (cxe) =Result line 1
+ (dxB) + (dxvy) + 0 + (dxeg) = Result line 1
+ (ex ) + (exy) + (exd) + (exe) = Result line 1

-

Upper —_ High
boundary
0o —1— Middle
Lower Low
boundary

Figure 2. Multiple-criteria decision analysis scheme [18].

The results of each sub-factor were compared to provide clues to the outcome of
the study.

After conducting the consistency analysis, the critical factor was how much signifi-
cance the experts placed on the sub-objectives and sub-factors.

As with PFFA, the IQR of weight sharing was created to quantify the level of agreement
among scientists. The experts” statements were taken into account when selecting the
market participants, objectives, factors, and their relative sub-objectives appropriate to the
possible evolution of the EU27+UK cooling market under study.

As with the PFFA for factors, the following ratings of the objectives, factors, and
associated sub-items were taken from the weights of the experts consulted (averaging).

The various expert weights per objective, factor, and related sub-item were averaged
and rounded to whole numbers.

The following descriptions of the goals, factors, and associated sub-items were taken
from respondents’ statements and cross-checked with scholarly sources. Respondents’
answers were summed, and unchecked information was discarded. For both methods
used, per factor, sub-objective, and sub-factor, all experts assigned either + or — signs
only [13,15,16].
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3. Results
3.1. Porter’s Five Forces Analysis

Table 1 provides an outline of the factors with the relative relevance and influence of
the PFFA indicated by experts.

Table 1. Factors with their respective importance and influence in Porter’s five forces analysis
regarding cooling in Europe until 2030.

Force Force Force 2—Threat
4— Bareainin 3—Bargaining of Substitute Force 1—Threat
& & Power of Products or of New Entrants
Power of Buyers . .
Suppliers Services
6— Sale price 1- Competitiveness 1- Ventilators 7+ Economics of
reduction scale
Size and
Concentration of Conce.ntratlon.of Thermally driven Costs of market
3— 8+ suppliers relative 2— 8+
customers . heat pumps entrance
to the industry
participants
Possibility to
Differentiation of forward Natural N
3— . 6+ . . 1- - 7+ Legislations
technologies integration of ventilation
suppliers
5+ Risk of failure 1+ Fragmentation of 4+ Renouncement 6+ Technol.o sy
customers protection
. . Market
4+ Market support 2+ District cooling 6— saturation
Investors’ Other
S+ interest 3+ technologies * > Market Image
9+ Climate change 1- Energy ‘efﬁ'aency 4— . Market
of buildings importance
3+ Multifunctionalities 7+ Substltqtlon of
services
Customer loyalty Transportation
3+ 3+
measures costs
9+ Comfort 5+ Export duties
7— Result Force 4 48+ Result Force 3 4+ Result Force 2 28+ Result Force 1

Note: * “other technologies” refers to membrane heat pumps, magnetocaloric cooling, acoustic cooling, and
building-integrated cooling.

As shown in Table 1, most of the factors mentioned relate to the danger of new
competitors (Force 1) and the bargaining power of furnishers (Force 3). In the supplier
categories, the most favourable items are also found.

In contrast, most negatively marked items are set up in the threat from new competitors
and the bargaining power of consumers (Force 4), followed by the threat from exchange
commodities or facilities (Force 2). The bargaining power of suppliers leads to only one
negative item (competitiveness), marked with very low importance: 1—.

The threat of replacement commodities or facilities and the bargaining power of clients
result in a restricted number of factors set against the additional two existing forces. The
majority of the negative points characterize the two previously mentioned factors.

In the case of the treatment of new entrants, the experts mention one-third more
points than their counterparts. Moreover, there are more than twice as many points in the
bargaining power of suppliers than in the bargaining power of customers. Therefore, the
bargaining power of suppliers turns out to be the major significant force with a favourable
influence on the treated market. In contrast, the bargaining power of buyers records the
bulk of negative influences.

In fact, the bargaining power of the buyer’s category is characterized by only one
positive point (risk of failure: 5+).

Moreover, Table 2 highlights the completed factors” evaluations obtained from the
expert interviews.
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Table 2. Porter’s five forces analysis of the cooling market: evaluation of the treated factors and
related calculations, EU27+UK.

Evaluation’s
Results Scale Range
(+/-)
Force 1—Threat of new 7 8+ 74 6+ 6— 5_ 4 74 34 54 28+
entrants
Force 2—Threat of sgbstltute 1— o 1— 4t o 3+ 1— 4+
products or services
Force 3—Bargaining power g 7. 1. 4 5% 9r 3+ 3+ 94 48+
of suppliers
Force 4—Bargaining power 6— 3 3— 54 7_
of buyers
Forc.e 5.—Rlvarly among 73+ 310
existing competitors
Force 5—Rivarly among 24%+ 100% +/ —

existing competitors (%)

The computations concerning Force 5 resulted in 73+ for the greatest value of 310
(31 factors).

The above-mentioned result matches to about 24%+ (maximum: 100%+). Thus, the
competitiveness among current rivals is moderately positive. Several scientists indicated
that global warming and rising comfort expectations are the main drivers of the market
under study. Another factor mentioned in this context is the energy efficiency of buildings,
which has a low value (1—) due to the low renovation rates of the building stock in Europe
and low new construction activities [24].

According to what has been stated above, an agreement analysis has been utilized
to determine how the most important experts of the EU27+UK cooling sector agreed on
the significance of the factors. The IQR per factor is less than three, which is relatively low.
Therefore, it is assumed that the accordance of the scientists” weights is safe.

The respondents” answers for each factor can be found in Table Al in the Appendix A.

3.2. Multiple Criteria Decision Analysis

In the current study of the EU27+UK cooling market, the cooling equipment manufac-
turers and the customers have been identified as essential market players. Therefore, their
objectives and sub-objectives have been considered:

e  EU27+UK: Currently, the cooling sector is regulated by European legislation, which
involves great attention to the environmental impact, energy efficiency specifications,
and RES energy generation. Particularly, relevant EU directives, regulations, and
standards mark the cooling sector and its sub-sectors indirectly;

e  Cooling equipment promoters: The potential development of the cooling sector is
deeply influenced by the desire of equipment manufacturers to optimize their revenue.
The ability of a company to create a profit that exceeds costs and other expenditures
incurred in a certain time is defined as profitability [21,25];

o  Cooling equipment clients: The future EU27+UK cooling market is controlled by the
interest of potential customers to buy equipment with the leading cost-benefit ratio.
The cost-benefit proportion defines the relationship between the current profit of a
transaction and its opening price. Moreover, it defines parameters such as the quality
and lifetime of a good [21,25,26].

Tables 3 and 4 visualize the goals, factors, and their sub-items, with significance and
influence pointed out by scientists.
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Table 3. Goals and sub-goals of the future cooling market participants, EU27+UK.

Weights
EU Directives 2010/31 EU: EPBD 6+
2018/2001EU: REDII 5+
2009/125 Ecodesign Dir. 3+
EU—EED 2018/2002 4+
EU Regulations 66/2010: EU Ecolabel 6+
Goals EU Reg. N° 517/2014 4+
EU Standards Test requirements 6+
Income Max. Earnings generation 8+
Expenses reduction 8+
Benefit to Cost Max. Gain Max. 8+
Cost Min. 8+

Table 4. External factors and sub-factors influencing the future cooling market development,
EU27+UK.

Weights
Market potential Number of ms’Fa.lled units 6+
Energy Efficiency 7+
R&D R&D funding 7+
Habits Energy consumption for 6+
cooling purposes
Weather Climate change 9+
Costumer’s investemt costs 5—
Factors Runni 4
Costs unning costs -
Disposal costs 3—
Transportation costs 2—
Replacement Life span of cooling equipment 3+
Comfort Comfort requests 8+
Size and concentration of the
s . 4+
Competition cooling market
Costumer loyality measures 1+
Building Buildings efficiency increase 2—

Table 5 follows, which provides information concerning which sub-factors influence
which sub-goals (marks suggest a link between specific sub-goals and sub-factors, while
blank spaces suggest a non-relation).

Next, Table 6 shows the calculations’ results, measuring the single external sub-factors
influence on the market participants’ sub-goals.

Many external factors point to an optimistic influence on the future evolution of the
cooling EU27+UK market.

First of all, it is noted that climate change again has an optimistic influence on the
development of the cooling EU27+UK market. Climate change is influencing the revenue
growth of refrigeration equipment manufacturers. By selling more appliances due to
climate change, manufacturers of refrigeration appliances also experience a reduction in
costs due to economies of scale.

Moreover, the habits of the European population will significantly increase the cooling
market in the future. In turn, the habits of the European population primarily affect the
increase in the income of cooling manufacturers, which in turn leads to lower expenses
for manufacturers. Interviewees emphasised that the habits of Europeans would extend,
particularly the final cooling consumption in the family sector, while a particular share of
the service part is already screened by cooling [27,28].

Regarding households, the experts mentioned that portable appliances (portable
appliances) would be purchased, especially in warm summers, particularly concerning the
bedrooms of apartments.

7
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Table 5. Related external sub-factors and market participants’ sub-goals of the future cooling market, EU27+UK.

Goals
EU Directives EU Regulations EU Income Max. Benefit to Cost Max.
Standards
2009/125 o i
2010/31 EU:  2018/2001EU: Ecodesien EU—EED 66/2010: EU EU Reg. N Test Re- Earnings Expenses Gain Max Cost Min
EPBD REDII Dir & 2018/2002 Ecolabel 517/2014 quirements Generation Reduction ’ ’
Market potential Number of mst.a}led units X X X X X
Energy Efficiency X X X X X X X X
R&D R&D funding X X X X X X X X X X X
Habits Energy consumption for « « N
cooling purposes
Weather Climate change X X X X X X X X
Costumer’s investemt
X X X X
costs
a Costs Running costs X X X X
5 -
5 Disposal costs X X X X
& Transportation costs X X X X
Replacement Life span of cooling X X X X
equipment
Comfort Comfort requests X X X X X X X X
Size and concentration of N
Competition the cooling market
Costumer loyality
X X X
measures
Building Buildings efficiency « « N N « « N

increase
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Table 6. Influence of the single external sub-factors on the sub-goals of the market participants and respective results, EU27+UK.
Goals
EU Directives EU Regulations EU Income Max. Benefit to Cost Max.
Standards
2010/31  2018/2001EU: Ei?]‘:fe/ :izgsn EU—EED 66@810: EUNlﬁeg' R:;jitre_ Eamings  Expenses Gain Cost Results
EU: EPBD REDII Dir. 2018/2002 Ecolabel 517/2014 ments Generation Reduction Max. Min.
Weights 6+ 5+ 3+ 4+ 6+ 4+ 6+ 8+ 8+ 8+ 8+ Sum %
Market ~ Number of installed o+ 18+ 24+ 36+ 48+ 48+ 174+ 35+
potential g ooy Efficiency 7+ 35+ 21+ 28+ 0+ 56+ 56+ 56+ 56+ 350+ 44+
R&D R&D funding 7+ 42+ 35+ 21+ 28+ 42+ 28+ 42+ 56+ 56+ 56+ 56+ 462+ 42+
Energy
Habits consumption for 6+ 48+ 48+ 48+ 144+ 48+
cooling purposes

Weather Climate change 9+ 54+ 45+ 28+ 36+ 54+ 36+ 72+ 72+ 396+ 50+
_ Costumer’s 5- 40— 40— 40— 40— 160— 40—

investemt costs
g Costs Running costs 4— 32— 32— 32— 32— 128— 32—
] Disposal costs 3— 24— 24— 24— 24— 96— 24—

= Transportation
costs 2— 16— 16— 16— 16— 64— 16—
Replacement -Af€ Span of cooling 3+ 24+ 24+ 24+ 24+ 96+ 24+

equipment
Comfort Comfort requests 8+ 48+ 40+ 24+ 32+ 48+ 32+ 64+ 64+ 352+ 44+
Size and

Competition concentration of the 4+ 32+ 32+ 32+

P cooling market
Costumer loyality 1t 8+ 8+ 8+ 24t 8+

measures

Building ~ Puildings efficiency 2 12— 10— 8— 8- 16— 16— 16— 86— 12—

increase
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This factor is closely related to the higher wellbeing preferences of the EU27+UK
population.

Moreover, the energy efficiency of cooling appliances seems to present a relatively
tough impact on the future EU27+UK cooling market. Increasing the energy efficiency of
cooling appliances will encourage customers to purchase such appliances due to lower
operating costs.

Besides that, other external factors show less influence on the studied market.

In contrast, many outer factors show a negative influence on the future development
of the cooling market. All the primary external factors that harm the future cooling market
are associated with the cost.

As mentioned by several scientists, the escalation in interest for cooling equipment
will drive customer prices higher. Thus, the customer’s investment cost is the primary
external factor that negatively affects the analysed market.

The running prices are the second most negative influencing factor. Regarding the
running costs, it should be emphasised that electricity costs have boosted significantly in
the last few decades within Europe, which is expected to continue in the future [29,30]. In
third place among the negative influencing factors are the disposal costs. As a guideline
for disposal costs, a common cost of about EUR 33 is quoted (for devices weighing up to
100 kg) [31,32].

Other external factors show little influence on the market under investigation. As in
PFFA, climate change was found to be the incentive of the treated market. The stronger
comfort desires of the European population are also in second place. In addition, within
the PFFA, market-entry costs are in third place, while in the MCDA, the energy efficiency
of the cooling appliances can be found in the previously mentioned position.

Table 6 features the achieved objectives, factors, and individual sub-items” assessment
and computations, driving the analysed market outlook’s overall result.

The solutions of the MCDA contained in Figure 3 can also be shown graphically, as
reported below.

High

Medium

Low

Energy Efficiency
R&D funding
Climate change

: Running costs
Disposal costs
Transportation costs

Comfort requests

Medium

Number of installed units
Costumer’s investemt costs

Life span of AC equipment
Costumer loyality measures
Buildings efficiency lncfease

Energy consumption for AC purposes
Size and concentration of the AC market

High

Figure 3. Results of the MCDA analysis—the influence of the external factors on the goals of the
most relevant market players (external sub-factors with a negative influence are under the low
line—marked in yellow; external sub-factors with a positive influence are over the low line—marked
in blue).
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As can be seen in Figure 3, nine factors positively influence future market development.

In contrast, five factors negatively influence the market under study. Thus, the positive
factors are almost twice as significant.

Moreover, the optimistic elements are characterized by greater relevance. More than
one-third of the factors, five specifically, are positive.

Considering the above indications, referring to Figure 3, the European cooling market
seems to be distinguished by moderate growth.

A consistency analysis was again performed to determine how much the scientists
agree on the concern of the sub-objectives and sub-factors.

The resulting IQRs per sub-goal and sub-factor are shown in Table A2 (Appendix A).
The rate of four, which is relatively low, is not surpassed by any IQR per sub-goal or
sub-factor.

Therefore, a safe correspondence of the scientists” weights is again believed to be
designated.

4. Discussion

In this study, the future of the EU27+UK cooling market and its possible evolution
until 2030 have been investigated using the PFFA and MCDA tools. Overall, it has been
observed that an FEC of more than 105 TWh/year has been identified for the whole
EU27+UK, where SC shares a large part of the building energy consumption [4,5]. In
addition, in the EU27+UK market, FEC has marked a persistent boost over the past twenty
years for SC, proven by the fact that from 1990 onwards, SC cooling equipment and chilled
floor areas have increased significantly in both the residential and service sectors [32].

In this paper, PFFA has highlighted that the expansion of the EU27+UK SC is forecast
to be moderately positive. The aforementioned finding has been proven in different studies
which point to EU27+UK SC as a flourishing industry [15].

It is worth mentioning that, since 2008, electricity costs have risen by almost 30%, and
customer purchasing power is depressed in parts of the EU27+UK due to the economic
crisis triggered by the COVID-19 pandemic [18]. Again, it should be remembered that in
most cases, the facilities of SC are not considered as a commodity of basic needs. Therefore,
the market of SC has suffered significantly, attributable to the economic crisis, and the
results of business models indicating a fairly enlarging market seem to be credible.

It has been observed that throughout this study, PFFA stated that research, develop-
ment, and innovation are the driving strengths of the EU27+UK SC industry. Moreover,
an SC market forecast prepared by an MCDA also shows a reasonably optimistic trend
and a high dependence on research, development, and innovation activities. Particularly,
research has the most considerable optimistic impact on the market. Therefore, in this
study, both applied economic approaches, quantitative and qualitative, ultimately show
the same result.

Again, in both PFFA and MCDA, energy efficiency turns out to be one of the three cen-
tral drivers. The latter is significantly supported by European laws such as the revised EED
I1. Within the applied quantitative model, environmental impact is the third most important
influencing factor for the market SC in the EU27+UK, which is mainly supported by EU
decisions. Regarding the qualitative model outcomes, the change in comfort requirements
resulted as the third most significant element.

The extent of the wellbeing requirements of the EU27+UK population in terms of
climate comfort in homes and offices is undoubtedly one of the most critical factors of the
SC market in the EU27+UK. Another research proposal considers a deeper dissection of
climate change and the influence of severe weather events on the market development
of SC, as the mentioned case has a significant impact. It can be clearly stated that the
aggregation of rising heat, developing building layout, and expanding predilection for
thermal comfort, due to an increase in wellbeing by the EU27+UK population, has led to a
rise in SC energy needs. Following statistics, as previously mentioned, SC is no longer a
small consumer of energy.
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However, the authors found a lack of precise information on this topic. The latter
might be related to the limited data availability and reliability emanating from market
participants. Consequently, more open data and information gathering from the companies
in the cooling industry will be beneficial for the future of the cooling market, leading to
more synergy between R&D and cooling market players.

Overall, to conclude, the EU27+UK market seems to be characterized by moderate
future growth.

5. Conclusions

Concerning the current economic situation, the expansion of space cooling does not
look as great as in previous decades, as it is unnecessary in most cases.

In the current study, the space cooling forecast for the coming decade (2030), produced
via multi-criteria decision analysis and Porter’s five forces analysis tools, showed a moder-
ate development with a high dependence on research and development activities, leading
to a positive future development of the European space cooling market.

Opverall, Porter’s five forces tool registered a moderate market growth of around 1-2%
per year, leading to a total of +24% by 2030.

As potential further research, it could be stimulating to understand the extent to which
the market for space cooling in Europe affects the employment rate, how it contributes
to the European Union’s GDP, and how this market will develop after overcoming the
€conomic crisis.

Finally, whether the space cooling market in Europe will continue to be receptive
to research and development funding is crucial for future discoveries and data and
information processes.
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Appendix A

The following tables detail the contacted experts” answers during the 56 interviews
for data/information collection. The interquartile range (IQR) of each factor is provided at
the bottom of the following tables.
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Table A1. Porter’s five forces analysis—marks for factors.
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Table A2. Multiple criteria decision analysis—marks for goals and sub-goals.
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=
fu— .- ] ﬁ
A 2 a g 2 = 8 S s
= o £ & = I g ® £
Ry ED = [=} ~ o 5 .
55| ~ 7 9 o = E ) s =1 =
. - 7} = = 10 v = b < R
o =] a g [s\] -] o o=l é ~ E E
N = = S A = Z = » g =
s 3 . = S &b 2 & % ks o
S g Q K = g P £ g O ©
— ) = | Q 4 2 =) ]
5 = 3 2 @ 2 g 5 &
I =4 = © 5] = 23] &3]
(]
1 3+ 7+ 2.5+ 5.5+ 7+ 4+ 6+ 9+ 8+ 7+ 7+
2 3+ 6+ 1+ 7+ 6+ 2.5+ 7+ 7+ 7.5+ 8+ 8+
3 4+ 6+ 7+ 9+ 8+ 8+ 10+ 8+ 10+
4 8+ 1+ 2+ 5+ 6+ 0 9+ 9.5+ 8+
5 7+ 5+ 3+ 3+ 5+ 4+ 8+ 9+ 6+ 7+
6 6+ 4+ 6+ 2.5+ 9+ 8+ 7+ 9+
7 2+ 3+ 2+ 2+ 7+ 6+ 7+ 8+ 7.5+ 8+ 7+
8 6+ 4+ 4+ 6+ 3+ 7+ 7+ 8+ 7+ 9+ 6.5+
9 5+ 4+ 5.5+ 3.5+ 4+ 4+ 3.5+ 7+ 9.5+ 8+ 8+
10 8+ 6+ 1.5+ 1+ 5+ 5+ 7+ 7+ 10+ 7+ 7+
11 8+ 3+ 5+ 2.5+ 5+ 5.5+ 8+ 8+ 9+
12 9+ 6+ 4+ 6+ 5.5+ 5+ 7+ 9+ 9.5+ 4+
13 6+ 2+ 5+ 3.5+ 7.5+ 3.5+ 3+ 8+
14 4.5+ 3+ 6+ 6+ 6+ 6+ 8+ 8+ 7+ 6+
15 5+ 7+ 6+ 4+ 7+ 4+ 9+ 9+ 6+ 8+ 7+
16 5+ 5.5+ 2.5+ 3.5+ 7+ 8+ 9.5+ 7+ 7+ 9.5+
17 4+ 7+ 6+ 7.5+ 7.5+ 3+ 8+ 8+ 8+ 7+
18 2.5+ 6+ 5+ 2.5+ 3+ 2.5+ 7+ 8+ + 9+ 9+
19 5+ 3+ 1+ 9+ 4+ 7+ 6.5+ 9+ 8+ 7+
20 6+ 5+ 5+ 4+ 5+ 7.5+ 8+ 0+ 9.5+
21 5+ 6+ 4+ 6+ 6+ 0 10+ 3+
22 8+ 8+ 0+ 4.5+ 3.5+ 7+ 7+ 9+ 9+ 9+ 7+
23 7.5+ 6+ 6+ 7+ 8+ 8+ 9+
24 9+ 6+ 3+ 1.5+ 5+ 3+ 7+ 2.5+ 7+ 7+ 6.5+
25 4.5+ 7+ 4+ 2+ 8+ 4+ 8+ 9+ 5.5+ 9+




20 of 25

Benefit to Cost Max.

Income Max.

EU Stan-
dards

Goals

EU Regulations

Table A2. Cont.
EU Directives

Sustainability 2022, 14, 4461

X
“uTN 150D Eh 8 3 I 150D ~
2
@)
8
XeJA uren) gy mm 9 cm XEJA uren) ~
© @
uondNpay sasuadxyg % s R ¥ uononpar sesuadxg I~
[
=
]
g
S
=
voneuen sSururey | F LI R~ uopersusd s3urureg N
£
syuawaainbayy 3say, g N h m syuowaxmbaz 3397, ©
W e
PLOZ/LIS NS NA |5 & & £ pI0T/LIS.NSuNd 3
k
=
5o
]
~
Pqe[odd NF 0T02/99 | & & & & B [PAe[ood NF 0102/99 0
w00z/8t0c@Id—Nd | L E4 W Z007/810c @gd—Nd <
A UBIPOA GTL/600T | L 5 & G A UBISIPOIH §T1/6007
k51
=
@)
)
114y :narooz/810z | f & & & ¥ [0agd:ndrooc/8loc <
daddi ‘:Nd 1€/010¢ S &8 daddd :Nd 1¢/010¢ o
r.m & ..m &g »n 2
o o~ o 8 m .w 2 .m m E
z NSNEZ ZEY £ 3
58 > tos @]
Z, m

3+ 4+ 6+ 4+ 6+ 8+ 8+ 8+ 8+

5+

Third
Quartile
Interquartile
Range
Final
result




21 of 25

Sustainability 2022, 14, 4461

Table A2. Cont.

Goals

Benefit to Cost Max.

Income Max.

EU Stan-
dards

EU Regulations

EU Directives

"urp 150D

"XeJAl UTeN)

uondNpIY sasuadxyg

uonerduan) surureg

syuduwarinbayy 391,

$L0T/LIS oN “S9¥ NA

[2qe[odq NH :010¢/99

<00¢/810C ddd—N4H

11 uS1s9p0dq ST1/600C

119y ‘:NAT00¢/810T

addi :N4d 1€/010c

NO

Factors
Costs

Building

Competition

Replacement Comfort

Habits Weather

R&D

Market potential

aseanur Adusnije sSurprmg

samseaw £)iyeo[ PWn)so))

Jjodrewx WC:OOU 9} JO uonenjuaduod pue o9Z1g

sysanbar j105w0D)

juawdmba Surjood jo ueds ajrp

§3s00 uonyeyrodsueiy,

s3s00 Tesodsi(y

$31500 Juruumny

$1S0D JWIDISIAUL S, IOUWMN)S0))

adueyp ayewr)

sasod:md Gurjood 105 uondwmsuoo A3oug

Surpuny =3y

Aouanoyyg A319U7

STUN Pa[[eISUT JO JaquINN

NO

1+
1+

8+

1.5—

7+ 8.5+
7.5+
8+

7+

6+

3+

7+

3+

5+

6+

6+

7+

2+

6+

4+

7+

7+

5+

1+ 4+ 4+

2+

1.5—

10+

3+

8+

8+

4+

1—

5+

8+

45—

10+

6+

8+

8+

3+

3+

9+

3+

6+

5+

7+

6+




Sustainability 2022, 14, 4461

22 of 25

Table A2. Cont.

Goals
EU Directives EU Regulations Egaitiasn- Income Max. Benefit to Cost Max.
=
- g 2 g £ = £ £ g
@ = ¥ & = Q g ® £
=2} o0 B =] = 1 = s .
55| ~ 7 9 o = E ) s =1 =
. - 7} = = 10 v = b < R
. 5 = 9 Q = o i= @ ™~ p= S
N = E 8 ()] = Z gd o ) (=1 -
3 S ” = S % ] % 9 S g
S g Q K = g P £ g O ©
= ] — | S ~ 2 = 1)
5 = 3 2 @ 2 g 5 &
I =4 = © 5] = 23] &3]
(]
7 6+ 6+ 8+ 4+ 9+ 8— 5— 2— 2— 4+ 9+ 4+ 2+
8 5+ 7+ 9+ 7+ 8.5+ 7— 1— 3— 3— 2+ 9+ 6+ 1+ o
9 7+ 8+ 10+ 5+ 10+ 8.5— 0 2— 4— 9+ 5+ 3+
10 7+ 6+ 8+ 6+ 9+ 5— 7— 2— 2— 2+ 6+ 3+ 3+ 2.5—
11 7+ 7+ 8+ 3+ 9+ 45— 6— 7— 3— 3+ 7+ 4+ 0 3—
12 5+ 6+ 7+ 4+ 4— 7— 2— 1— 4+ 8+ 2+ 0 1.5—
13 7+ 7+ 7+ 6+ 9+ 2— 4— 4— 0 4+ 6+ 2+ 1—
14 8+ 6+ 3+ 7.5+ 7.5— 5— 3— 0 5+ 1+ 0+
15 8+ 7+ 3+ 7+ 3— 3+ 8+ 1—
16 6+ 8+ 9+ 8+ 4+ 6+ 4+ 1+ 3—
17 7+ 8+ 9+ 75— 3— 3— 0 7+ 2+ 0
18 7+ 8+ 7.5+ 7+ 4— 4— 2— 2— 2+ 9+ 5+ 1+
19 6+ 8+ 6+ 8+ 8.5+ 3— 5— 3.5— 1— 4+ 9+ 4+ 3+ 0
20 8+ 7+ 7+ 8+ 8+ 6.5— 4— 5— 3— 2+ 8+ 3+ 2+ 1—
21 7+ 6+ 9+ 5+ 9+ 1— 3— 6— 2— 3+ 7+ 4+ 1+ 25—
22 6+ 7+ 9.5+ 3+ 10+ 5+ 8+ 5+ 1+
23 6+ 6+ 6+ 7— 2— 3— 1— 3+ 9+ 4+ 5—
24 7+ 7+ 6+ 7.5+ 6.5— 3— 2— 0 5+ 9+ 3+ 0 3—
25 6+ 7+ 4.5+ 5+ 9+ 7— 2— 7— 0 6+ 5+ 0 2—
26 6+ 7+ 7+ 6+ 9+ 45— 5— 2— 0 1+ 3+ 0 2—
27 7+ 8+ 10+ 6+ 3— 4— 3— 1— 3+ 7+ 5+ 2+
28 8+ 7— 7— 3— 2— 1+ 7.5+ 4+ 1+ 3—
Number of 23 26 25 26 2 26 25 24 24 25 26 26 24 2
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Table A2. Cont.
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