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Abstract

The success of sustainability is mainly linked to the energy sector, which is governed by the mix of different fuel resources.
This work aims to calculate the sustainability performance scores (SPSs) of the energy alternatives that constitute Pakistan’s
current electric energy mix and future energy plans. For this purpose, a decision framework consisting of eighteen indicators
is considered for evaluating the performance of energy alternatives. The SPSs of energy alternatives are calculated using the
dimensional reduction feature of the principal component analysis technique. The resultant prioritization of energy alternatives
favors solar resource the most for planning a roadmap for sustainable net-zero energy infrastructure development. Based on
the outcomes, recommendations are put forward to improve the current energy situation so that the country could catch the
pathway towards achieving energy sustainability.
© 2022 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Sustainability is the driving force behind every country’s desire to address emerging environmental and economic
concerns as priority. To set targets and engage the countries in a progressive competitive environment, United
Nations announced seventeen sustainable development goals (SDGs) associated with 169 targets [1]. Among the
SDGs, ‘energy access to all (SDG-7)’ is found to get mapped with 125 targets out of 169 [2]. The SDG-7 energy
trilemma is based on three pillars, energy security, energy equity, and environmental sustainability, all of which
contribute to the energy sustainability achievement [3]. And electric power is a critical element of this trilemma,
considered as the backbone of any societal infrastructure, enabling breakthroughs in education, livelihoods, and
health sectors, and can ensure economic growth and poverty reduction [2].
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For developing the strategies for energy sustainability achievement, the energy resources mix that governs the
electric energy system of a country and their prioritization to address the electricity demand play a key role. In
this concern, multiple researchers attempted to highlight the prioritization of energy alternatives. For instance,
Bhandari et al. assessed the electricity generation resources for Nigeria using the analytical hierarchy process
(AHP) technique based on qualitative and quantitative assessment information [4]; Saraswat and Digalwar ranked
the energy alternatives using the weighted sum model, weighted product model, and WASPAS techniques based
on subjective assessment of the decision indicators [5]; Basset et al. analyzed the renewable energy (RE) resources
for Egypt using AHP, VIKOR, and TOPSIS techniques based on subjective assessment of the criteria elements [6];
Mostafaeipour et al. ranked the RE resources for Iran using Fuzzy-AHP and extended TODIM techniques based on
political, economic, sociocultural, technological, environmental, and legal perspectives of the energy framework [7].
Similarly, many published articles focus on prioritizing energy alternatives for specific countries [8]. However, all
the studies involved the full one-dimensionality feature of the assessment information of the decision indicators
throughout. To the best of the authors’ knowledge, a few studies apply the dimensional reduction feature to the
decision indicators to prioritize alternatives.

For the prioritization of energy alternatives, multiple multi-criteria decision-making (MCDM) approaches can
be applied [9]. However, there is an MCDM approach called principal component analysis (PCA) based on the
dimensional reduction characteristic feature [10]. PCA has been used for analyzing and ranking the alternatives
across various disciplines. For instance, Omrani et al. used the PCA approach to calculate the development degrees
for the provinces of Iran [11]; Asbahi et al. estimated the energy performance through the energy trilemma index
approach using the PCA method [12]; Radovanovic et al. determined the geo-economic index of energy security
for Europe using the PCA method. Thus, there is a dearth of the dimensional reduction approach on the dataset of
decision indicators for prioritizing energy alternatives to highlight the roadmap to energy sustainability.

To address the identified gap, a decision model constituting operational, economic, technological, environmental,
and social dimensions is developed to evaluate the performance of Pakistan’s energy alternatives. Sustainability
performance scores (SPSs) for energy alternatives are calculated using the dimensional reduction feature on the
decision indicators. The concluded performance order of energy alternatives is used to identify future directions for
achieving energy sustainability in accordance with SDG-7.

The rest of this paper is organized as follows: Section 2 describes the MCDM method with its distinctive feature
of dimensional reduction; the decision indicators are introduced in Section 3; the results of applying the dimensional
reduction feature to the evaluation of the energy generation alternatives are elaborated in Section 4; and finally, in
Section 5, conclusions are drawn, and some recommendations are put forward that can lead to energy sustainability
achievement.

2. Principal Component Analysis (PCA) method

Principal component analysis (PCA) is a multivariate analysis tool first formulated by Pearson [13]. This
statistical methodology reduces the dimensions of the dataset by preserving most of the original data’s important
information [10]. Thus, such a dimensional reduction procedure helps analyze and visualize the scenario with the
help of fewer influential indicators than the original large number of variables [14]. The procedural steps of the
PCA for analyzing a decision problem are described here [10,12,15].

Step 1. To start with, the decision problem is analyzed, and an origin matrix ‘X’ holding the ‘N’ decision indicators
for the ‘M’ alternatives is generated, as shown in Eq. (1) [10,15].

xl] e -xln .« .. 'xlN
X=|Xm -+ Xun '+ XmN N=1,2,...,n,.... NM=1,2,....m,...,. M) (D)
__xM] . e XMn . e -xMN_ MxN

Step II. All indicators should have a positive dimension, which can be ensured by applying Egs. (2) and (3) to
the beneficial- and cost-type decision indicators, respectively [10,12].

Xmn — min Xm

yl’l’l}’l = - . (2)
max X, — min x,,
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max X,; — Xmn

3)

ymn -
max x,, — minx,,

¢

where, y,, is an entry in the normalized decision matrix ‘Y’ of the nth indicator for the mth alternative, where all
decision indicators have a positive dimension.

Step III. The matrix ‘Y’ is standardized using Eq. (4), which yields the matrix v/’ [10,12,15].

yr/nnz Ymn — Yn (4)
Sn

where, y,,/m is the standardized value of the nth indicator for the mth alternative; and y, & s, are average and
standard deviation values for the nth indicator. This standardization is performed to maintain the generalization of
the variables’ sample data. Resultantly, each indicator will have a mean value of zero and a variance value of 1.

Step 1V. The correlation matrix ‘R’ of the ‘N*N’ order for the ‘N’ indicators is constructed using the Pearson
correlation approach in XLSTAT. This correlation matrix (R) can be used to compute a set of ‘N’ eigenvectors,
represented by v(= v, va, ..., Uy, ..., Uy), and ‘N’ eigenvalues represented by A(= Ay, Az, ..., Ay, ..., Ay). The
eigenvalue(s) and the eigenvector(s) can be computed by using Egs. (5) and (6), respectively [10,12,15].

IR— A1, =0mn=1,2,...,N) (®))
Rv, = A0, (6)
where, I, is an identity matrix of size ‘1,2, ..., N’, X, is the eigenvalue for the nth indicator calculated from

correlation matrix ‘R’, and v, is the eigenvector for the nth indicator calculated from correlation matrix ‘R’.

Step V. The number of principal components (PCs) to be considered is determined from the constructed
eigenvectors based on their corresponding eigenvalues such that A, > 1.0. After determining the number of PCs to
be considered, a decision matrix (P) is built using the considered PCs, as shown in Eq. (7) [15].

pu - P - Pw
Pnu= Pni o Pnu o Pau (u:l,Z,...,U;anduSn) (7)
LPNL PNu ' PNUpy.u
_)It is worth noting that when PCA is performed in XLSTAT, a component matrix ‘Q’ (= (fi1, f2s---» fus---»
Jfu)nxu) showing the loading factors is obtained in results rather than the decision matrix ‘P’.
Step VI. The primary component model for the ‘M (=1,2,...,m, ..., M)’ alternatives is constructed by using

the considered ‘U (=1,2,...,u,...,U) PCs, as shown in Eq. (8) [12,15].

Sm1 = Plly,fﬂ + le)’,:Q + oot payl,

Sm2 = Plzyy/nl + Pzzyr/,,z + o P2V
m=1,2,....M;u=1,2,....U) (8)

Smu = pnuy,fﬂ + any,/nz +- 4+ pnuy,{m

where, S,..(= [Sm1, Sm2, - - ., Smy]) are the PC scores for the mth alternative.
Step VII. To evaluate the performance of the alternatives, the sustainability performance scores (SPSs) for the
‘M’ energy alternatives are calculated by using the following relation [12,15]:

SP Sy = M #S, ©)

where, Aﬁ(: Au 25:1 Auw); Sy is the PC score for the mth alternative against the urh PC (/factor loading), and
SPS,, represents the SPSs for the mth alternative.
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Step VIII. To demonstrate the comparative performance of energy alternatives, all SPSs can be standardized on
a scale of 0 to 100 (0 being the worst and 100 being the best performance) using the following relation [15].

U .
Z SPSuu — SPSmu
FSPS, = min( )

max(SPS,,,) —min(SPS,.,)

x 100 (10)

m=1
where, max(SPS,,,) and min(SPS,,,) indicate the maximum and minimum SPS,,, values for the mth alternative,
and fSPS, represents the percentage final cumulative SPS for the mth alternative based on which the energy
generation alternatives can be prioritized.

3. Decision indicators and dataset

To calculate the SPSs of the energy alternatives using the PCA technique, a decision model of eighteen decision
indicators is developed for the authors’ ongoing work titled ‘Multi-facet assessment and ranking of alternatives
for conceptualizing sustainable hybrid energy infrastructure in Pakistan based on evidential reasoning driven
probabilistic tool’ that is described in Table 1. These indicators are classified under five sustainability dimensions.
The assessment information of the decision indicators is collected by considering a case study evaluating the energy
alternatives for achieving energy sustainability in Pakistan, as mentioned in Table 2.

Table 1. Decision indicators and sustainability dimensions of the energy model.

Sustainability aspect Decision indicators
System efficiency OPE-1
Operational Average availability of ER OPE-2
Predicted ER reserves OPE-2
Capital cost EC-1
Economic O&M cost EC-2
Levelized cost of electricity EC-3
Fuel cost EC-4
Capacity factor TEC-1
. Expected life of power plant (lifespan) TEC-2
Technological Water consumption (*103) TEC-3
Construction time TEC-4
CO; emissions ENV-1
Environmental Noise pollution ENV-2
Radioactive life cycle emissions ENV-3
Land usage ENV-4
Job creation SOC-1
Social Mortality rate SOC-2
Social acceptance SOC-3

4. Results and discussions

The dimensional reduction feature of the PCA technique is applied to the collected assessment information of
the decision indicators to calculate the SPSs. First, Kaiser-Meyer—Olkin (KMO) and Bartlett’s test is performed to
check the adequacy of the original data sample. The statistical analysis shows that KMO = 0.6, indicating that the
original data sample is adequate [15] for applying the PCA approach.

After ensuring the original data adequacy, the application of the procedural steps of the PCA technique starts
with the normalization of the input assessment information by using Eqgs. (2) and (3). This step guarantees that all
indicators have a positive dimension, and the resultant assessment information is mentioned in Table A.1.

The assessment information summarized in Table A.1 is used further in the PCA method, where the assessment
information is first standardized. Following that, a correlation matrix is calculated to highlight the correlation
between the decision indicators, as mentioned in Table A.2. The correlation matrix analysis confirms the linear
relation between the decision indicators with values ranging between —1 and +1. If two indicators are increasing
or decreasing in lockstep, they have a positive correlation. For example, OPE-3 and TEC-4 positively correlate with
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Table 2. Assessment information of the decision indicators.

Decision indicators Unit/scale Energy generation alternatives

Gas Coal Nuclear Solar Hydro Wind Biomass
OPE-1 [16-19] % 48 39 35 20 90 96 33
OPE-2 [20] % 91 85.4 96 20 50 38 80
OPE-3 [21-24] GW 302.046 100 No data 2900 60 360 5
EC-1 [25-27] USD/kW 1384 3676 6116 883 1870 2270 2543
EC-2 [26] USD/kW-year 27.46 45.08 111.00 15.25 29.86 72.57 130.55
EC-3 [27-29] USD/MWh 92 114 68 57 44 61.5 76
EC-4 [30,31] USD/kWh 0.06 0.04 0.47 0 0 0 0
TEC-1 [16,19] % 11.4 63.8 90.3 25 50 34 50
TEC-2 [19,32,33] Years 30 30 30 30 100 20 40
TEC-3 [34] L/MWh 1.875 0.53-2.1 3.1-74.9 0 0.26 0 180.9-969.0
TEC-4 [35-37] Years 3 5.5 5 1 5 45 3
ENV-1 [38] gCO2 eq./kWh 499 888 242 300 74.9 66.35 650
ENV-2 [39] dBa 30 30 20 10 15 20 30
ENV-3 [40] Person-rem/year 0 490 4.8 0 0 0 0
ENV-4 [19,41] km?2/1000 MW 0.8 3.7 2.5 35 750 100 5000
SOC-1 [19,42] Persons/500 MW 2250 2350 2500 5370 2500 5635 36,055
SOC-2 [43] Deaths/TWh 2.8 24.6 0.07 0.02 0.02 0.04 4.6
SOC-3 1-5 4.5 2.5 35 35 4 3 2.5

a 0.799 correlation value. On the contrary, if one indicator’s value increases and the other’s decreases, we can say
that the two are negatively correlated e.g., TEC-3 and SOC-1. If there is no relationship between two indicators,
they will have zero correlation.

Following that, the correlation matrix ‘R’ is used to determine the eigenvectors and eigenvalues. This is accom-
plished by applying the single value decomposition (SVD) approach to the correlation matrix. The eigenvectors
represent the coefficients of principal components (PCs). Based on the eigenvalues, the number of eigenvectors/PCs
are selected, i.e., only those PCs are considered which possess maximum variance value(s) (i.e., eigenvalue(s)). The
PCs are the linear combination weights of 18 decision indicators. The first PC exhibits the maximum variance, while
the second one has the most variance out of the rest of the indicators. The eigenvalues, variability, and cumulative
scores for each of the considered PCs are mentioned in Table 3, and the considered PCs are tabulated in Table 4,
such that A, > 1.0.

Table 3. Eigenvalues, variability, and cumulative scores of factor loadings.

F1 F2 F3 F4 F5
Eigenvalue 6.627 3.884 3.571 1.673 1.551
Variability (%) 36.819 21.578 19.840 9.293 8.615
Cumulative (%) 36.819 58.396 78.237 87.530 96.145

The statistical information in Table 3 is used to determine which factor loadings to use for PCA since they
represent the correlation and variability between the indicators. Each factor loading should have a variability value
between 0%—100%. The factor loading ‘F1° has a maximum variability of 36.819%; ‘F2’, ‘F3’, and ‘F4’ have
variability of 21.578%, 19.840%, and 9.293%, respectively. Form this, two-factor loadings F1 and F2 with the
highest degree of variability are selected for further PCA method-based evaluation.

To compute the PC scores, the standardized input matrix is multiplied by the considered PCs mentioned in
Table 4. The resultant PC scores are mentioned in Table 5. To proceed with the SPSs computations, the weighted
eigenvalues (A{,) are calculated, as illustrated in Table 6. Then, each PC score for all factor loadings is multiplied
by the corresponding weighted eigenvalue (A,ﬁ), and the results are tabulated in Table 7. Lastly, the final cumulative
SPSs for all energy alternatives are calculated using Eq. (10). The cumulative final score values are mentioned
in Table 8. Based on these final SPSs (fSPS,,), the energy generation alternatives are prioritized as portrayed in
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Table 4. The considered principal components (PCs).

Energy Reports 8 (2022) 605-614

Indicators F1 F2 F3 F4 F5

OPE-1 —0.338 0.036 —0.086 0.268 —0.122

OPE-2 0.323 —0.111 0.052 —0.148 0.361

OPE-2 —0.261 0.091 —0.142 —0.306 —0.357

EC-1 —0.259 0.264 —0.245 0.067 0.197

EC-2 —0.253 —0.149 —0.341 0.056 0.139

EC-3 —0.277 0.051 0.339 0.182 —0.088

EC-4 —0.135 0.297 —0.311 0.314 0.055

TEC-1 0.232 —-0.210 0.257 0.162 —0.298

TEC-2 —0.104 —0.015 0.127 0.588 0.273

TEC-3 —0.183 —0.418 —0.160 —0.027 —0.006

TEC-4 —0.194 0.302 —0.072 —0.431 —0.042

ENV-1 —0.229 —0.173 0.371 0.023 —0.035

ENV-2 —0.314 —0.094 0.154 0.064 —0.334

ENV-3 —0.213 0.153 0.359 —0.189 0.221

ENV-4 —0.151 —0.430 —0.155 —0.139 —0.044

SOC-1 0.146 0.451 0.134 0.031 —0.044

SOC-2 —0.249 0.075 0.365 —0.164 0.148

SOC-3 —0.221 —0.173 0.055 —0.167 0.554

Table 5. Principal component (PC) scores.

Alternatives 1 2 3 4 5

Gas —1.72583 —0.41251 —0.12255 —0.45172 1.428498

Coal —0.43727 —0.78591 —0.76118 0.304608 0.298844

Nuclear —0.97947 —1.17714 1.374088 —0.37365 0.449664

Solar —2.97284 —0.03237 0.002521 —0.32145 0.025321

Hydro —2.43233 —0.57594 0.653682 0.847928 0.850801

Wind —2.13812 —0.33915 0.426982 0.17362 0.282062

Biomass —0.61887 1.101499 0.74189 0.089645 0.591338

Table 6. Weighted eigenvalue values (k,ﬁ) of the considered principal components.
1 2 3 4 5
)LL/, 0.382954 0.224428 0.206359 0.096659 0.0896
Table 7. SPS,,, values of the energy generation alternatives.

Alternatives F1 F2 F3 F4 F5 max min
Gas —0.66091 —0.09258 —0.02529 —0.04366 0.127993 0.127993 —0.66091
Coal —0.16745 —0.17638 —0.15708 0.029443 0.026776 0.029443 —0.17638
Nuclear —0.37509 —0.26418 0.283555 —0.03612 0.04029 0.283555 —0.37509
Solar —1.13846 —0.00727 0.00052 —0.03107 0.002269 0.002269 —1.13846
Hydro —0.93147 —0.12926 0.134893 0.08196 0.076231 0.134893 —0.93147
Wind —0.8188 —0.07611 0.088111 0.016782 0.025273 0.088111 —0.8188
Biomass —0.237 0.247208 0.153096 0.008665 0.052984 0.247208 —0.237

Fig. 1. The analysis of Fig. 1 elaborates that solar is the most favorable energy alternative, followed by wind >
hydro > gas > biomass > nuclear > coal.

5. Conclusions and recommendations

This work aimed to evaluate the performance of energy alternatives for achieving sustainability using the
distinctive dimensional reduction feature. For this purpose, an energy model comprising eighteen decision indicators
grouped into five sustainability dimensions is considered for prioritizing the energy generation alternatives of
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Table 8. Final sustainability performance scores (fSPSs) of the energy generation alternatives.

Alternatives F1 F2 F3 F4 F5 Final scores %-final scores Rank order
Gas 0 0.720407 0.805704 0.782413 1 0.661705 66.17047 4
Coal 0.043373 0 0.093791 1 0.987043 0.424841 42.48415 7
Nuclear 0 0.168391 1 0.514656 0.63066 0.462741 46.27412 6
Solar 0 0.991642 0.998467 0.970773 1 0.792176 79.21763 1
Hydro 0 0.75229 1 0.950361 0.944989 0.729528 72.95281 3
Wind 0 0.818919 1 0.921349 0.930711 0.734196 73.41958 2
Biomass 0 1 0.805636 0.507352 0.598881 0.582374 58.23739 5

Gas

80

. 70
Biomass Coal
60
50
Wind Nuclear
Hydro Solar

Fig. 1. The final SPS scores-based prioritization of the energy generation alternatives.

Pakistan’s energy mix based on their calculated sustainability performance scores. The primary outcomes are as
follows:

e Compared to the traditional MCDM methods that use complete one-dimensionality of the decision indicators,
the dimensional reduction feature can prioritize the energy generation alternatives vigorously.

e The application of the dimensional reduction approach prioritizes the energy alternatives for Pakistan in the
following order: solar > wind > hydro > gas > biomass > nuclear > coal.

Moreover, in the light of the study’s findings, we put forward the following policy recommendations that can lead
to energy sustainability achievement:

e Energy usage in the era of SDGs and the Paris Agreement should be affordable and clean. For this, clean
energy resources such as hydro, solar, and wind should be prioritized over coal installations, as evidenced by
the outcomes, rather than the coal projects currently underway in Pakistan.

e Energy planning should consider short- and long-term goals to meet current demands and foresee.

e Rather than constantly overburdening the government, certain attractive incentive measures should be intro-
duced to stimulate practical renewables installations at the domestic level.

The current work utilizes the dimensional reduction feature to prioritize energy alternatives through a decision
model to ensure a sustainable future. However, this trait makes it difficult to investigate the comparative impact
of the particular decision dimensions on alternatives’ final scores. Further, the proposed decision model can be
revised, and the concluded prioritization order can be compared to other MCDM methods dealing with complete
dimensional information. In addition, the case study work can be extended to other countries, especially those still
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struggling to devise strategies for making the country’s energy mix of renewables dominant. A comparison can be
performed to accelerate the action plans for energy sustainability achievement.
Declaration of competing interest

The authors declare that they have no known competing financial interests or personal relationships that could
have appeared to influence the work reported in this paper.
Data availability

No data was used for the research described in the article.

Acknowledgments

The work presented was supported by the grant from the Research Grant Council. The Hong Kong Ph.D.
Fellowship (Ph.D. Fellowship awardee: Aamir Mehmood), Research Committee of The Hong Kong Polytechnic
University, Hong Kong under student account code RLMD, and the Departmental General Research Funds of the
Department of Industrial and Systems Engineering, The Hong Kong Polytechnic University (G-UAFT).
Appendix

See Tables A.1 and A.2.

Table A.1. Normalized assessment information (ensured positive dimension of all the indicators).

Observations Gas Solar Coal Nuclear Biomass Wind Hydro
OPE-1 0.368421 0.25 0 0.921053 0.921053 1 0.171053
OPE-2 0.934211 0.860526 1 0 0.394737 0.236842 0.789474
OPE-3 0.104154 0.034483 0 1 0.02069 0.124138 0.001724
EC-1 0.904261 0.466272 0 1 0.811389 0.734951 0.682782
EC-2 0.894102 0.741284 0.169558 1 0.873287 0.502862 0

EC-3 0.314286 0 0.657143 0.814286 1 0.75 0.542857
EC-4 0.87234 0.914894 0 1 1 1 1

TEC-1 0 0.664132 1 0.17237 0.489227 0.286439 0.489227
TEC-2 0.125 0.125 0.125 0.125 1 0 0.25
TEC-3 0.996739 0.997713 0.932168 1 0.999548 1 0

TEC-4 0.555556 0 0.111111 1 0.111111 0.222222 0.555556
ENV-1 0.450336 0 1 0.680713 0.941306 0.951204 0.275527
ENV-2 0 0 0.5 1 0.75 0.5 0

ENV-3 1 0 0.990204 1 1 1 1

ENV-4 1 0.99942 0.99966 0.993159 0.850136 0.980157 0

SOC-1 0 0.002958 0.007395 0.092294 0.007395 0.100133 1

SOC-2 0.8869 0 0.997966 1 1 0.999186 0.81367
SOC-3 1 0 0.5 0.5 0.75 0.25 0

Table A.2. The correlation matrix (R).

Indicators ~ OPE-1 OPE-2 OPE-3 EC-1 EC-2 EC-3 EC-4 TEC-1 TEC-2 TEC-3 TEC-4 ENV-1 ENV-2 ENV-3 ENV-4 SOC-1 SOC-2 SOC-3
OPE-1 1 —0918  0.490 0.695 0.594 0.613 0.610 —0.560  0.294 0.411 0.247 0.444 0.678 0.291 0.297 —0.288  0.384 0.228
OPE-2 —0918 1 —0.717  —0.625 —0456 —0.644 —0.537 0454 —0.142  —0247 —0450 —0393 —0.785 —0.297 —0.167 0.113 —0.387  —0.020
OPE-3 0.490 —0717 1 0.512 0.512 0.291 0.257 —0454  —0214 0239 0.799 0.091 0.649 0.183 0.250 —0.144 0241 0.123
EC-1 0.695 —0.625 0512 1 0.623 0.224 0.865 —0.921  0.188 0.024 0.636 —0.111  0.207 0.259 —0.070  0.082 0.216 0.299
EC-2 0.594 —0456 0512 0.623 1 0.027 0.442 —0.582  0.228 0.720 0.240 —0.016 0372 —0.160  0.646 —0.670  —0.077  0.539
EC-3 0.613 —0.644 0291 0.224 0.027 1 0.013 —0.060  0.498 0.049 0.213 0.841 0.818 0.767 —0.037  0.000 0.841 0.318
EC-4 0.610 —0.537 0257 0.865 0.442 0.013 1 —0.710  0.203 —0.142 0332 —0.367 —0.026 —0.096 —0.249  0.249 —0.153  —0.131
TEC-1 —0.560  0.454 —0454  —0.921 —0.582 —0060 —0.710 1 0.098 —0.112  —0.650  0.105 —0.045  —0302 —0.066 0.015 —0.248  —0.410
TEC-2 0.294 —0.142  —0.214  0.188 0.228 0.498 0.203 0.098 1 0.012 —0.250 0258 0.304 0.165 —0.141 —0.043  0.188 0.329
TEC-3 0.411 —0.247  0.239 0.024 0.720 0.049 —0.142  —0.112  0.012 1 —0217 0363 0.427 —0.179  0.985 —0.988  —0.013  0.503
TEC-4 0.247 —0450  0.799 0.636 0.240 0.213 0.332 —0.650 —0250 —0217 1 —0.071  0.285 0.457 —0.194 0293 0.395 0.194
ENV-1 0.444 —0.393  0.091 —0.111  —0.016  0.841 —0.367  0.105 0.258 0.363 —0.071 1 0.719 0.699 0.329 —0.347  0.819 0.453
ENV-2 0.678 —0.785  0.649 0.207 0.372 0.818 —0.026  —0.045 0304 0.427 0.285 0.719 1 0.428 0.370 —0.363  0.574 0.285
ENV-3 0.291 —0.297  0.183 0.259 —0.160  0.767 —0.096  —0.302 0.165 —0.179 0457 0.699 0.428 1 —0.202  0.206 0.979 0.505
ENV-4 0.297 —0.167  0.250 —0.070  0.646 —0.037 —0249 —0.066 —0.141 0985 —0.194 0329 0.370 —0202 1 —0979  —0.039 0461
SOC-1 —0.288  0.113 —0.144  0.082 —0.670  0.000 0.249 0.015 —0.043  —0.9838  0.293 —0.347  —0363  0.206 —0979 1 0.044 —0.532
SOC-2 0.384 —0.387 0241 0.216 —0.077  0.841 —0.153  —0.248  0.188 —0.013  0.395 0.819 0.574 0.979 —0.039  0.044 1 0.540
SOC-3 0.228 —0.020  0.123 0.299 0.539 0.318 —0.131 —0410  0.329 0.503 0.194 0.453 0.285 0.505 0.461 —0.532  0.540 1
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