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WP4 Task 4.1 Design and test digital tool to prioritise buildings for renovations

CEESEN-BENDER project has developed a statistical tool that uses digital
socioeconomic data, technical characteristics of buildings and energy consumption
data to generate rankings of buildings that are the least energy-efficient and having
occupants most likely to suffer from high levels of energy poverty.

For the analysis, R gramme should be installed.
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Introduction to R

For statistical modelling of digital tool, which ranks buildings for renovation, R
programme has been applied. This software has a number of advantages:

* tis open-source software, meaning it is freely available for anyone to use.

* Rruns on various operating systems, including Windows, macQOS, and Linux,
making it accessible to a broad range of users.

* it has alarge and active community of users and developers, providing
Iex’rer)swe ocumentation, forums, and resources for tfroubleshooting and
earning.

* it can easily integrate with other programming Ionguag;ies (like Python, C++,
and Java) and ftools (like SQL databases and web applications).

* it supports reproducible research through R Markdown, allowing users to
creafte dynamic reports that combine code, results, and narrafive text in a
single document.

* itis widely used in academia, and there are numerous resources, courses, and
textbooks available for learning statistical analysis and R programming.

* R provides a vast array of statistical fechniques, including linear and nonlinear
modelling, time-series analysis, classification, clustering, and more. It is
continuously updated with new statistical methods.



R installation

The latest R can be downloaded from R
homepage http://www.r-project.org/:

1. Choose “Download” from the left

2. Then choose a mirror server from
where to download R (preferably a
server closest to you).

3. Specify your operating system
(Windows / Mac / Linux) and choose
base (base program).

R
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Getting Started

R is a free software environment for statistical computing

variety of UNIX platforms, Windows and MacOS. To dow

mirror.
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are, please read our answers to frequently asked questio
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+ R version 4.5.0 (How About a Twenty-Six) has beer
+ R version 4.4.3 (Trophy Case) (wrap-up of 4.4.x) wa:
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our tribute to Fritz here.
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http://www.r-project.org/

RStudio installation

4. After installing R you can install RStudio I
Whl(.:h |S On | E (InTegrOTed de\/elopm.en'l' File Edit Code View Plots Session Build Debug Profile Tools Help
environment), that makes the R experience  ° % 70 2owee e
much more easier and efficient. For a free o e e

1 #COMPARISON OF ALL COUNTRIES BY QUESTIONS

VerSion Of RSTUdiO go TO The fO”OWing 2 mydata<- read.csv("C:/Documents/bender_data. csv")

3 summary(mydata)

We bSi-l-e : 4; ?ttach(mvdata)

https://www.rstudio.com/products/rstudio/d ===~ | B
ownload/ T e o o mecele 2nd Tt ing

Platform: x86_64-wbd-mingw32/x64 (64-bit)

R is free software and comes with ABSOLUTELY MO WARRANTY.
You are welcome to redistribute it under certain conditions.
Type "license()' or 'lTicence()' for distribution details.

5' Choose -I-he free VerSion fO.r your OperOTing R is a collaborative project with many contributors.
system. Check if all of the installations Bt N AR e Y
W.Orked by runnlng RSTUdIO Ond TeST If yOU Type "demo()' for some demos, "help()' for on-Tine help, or
will get the right answer for 2+3. e a0 o qure O errace o pelp

Combination of Cirl+Enter executes the tworkspace Toaded fron ~/.Roata]
command.


https://www.rstudio.com/products/rstudio/download/
https://www.rstudio.com/products/rstudio/download/

R environment

This is the script window, the commands
that make the analysis are written here. The
script can be saved in order to repeat the

analysis later.

© -loglar-lH Go to file/function - acdins -

@ Unttiear
Saun | o4
", ightbTued]), ylab="%",
)
, " [FGhtskyBlues! , "[Fohtbluel]),c

- () Source on Save
L.

yprus”, “Estonia”, “spain’

mydatasphysigns=Factor (cougry, levels=1:4,labels=c('Greece”, "cyprus”, "estonia”,"spain"))
windows (width-6, hei b
barplot(prop. igns, country),2)*100,

i CAEET

tries”,names—c( Greece’,

: ", MightbTuedl), ylab="%",

"Cyprus",”Estonia"”,"spain"),

can recognize signs of physical domestic violence”)
[, ‘darksTateorayll', "G bTud", " ', - IehEskyblues , "ohtbTusl ), c

prop.table(table(physigns, country),2)*100

believe that
", Fill=c (B

mai
Tegend("topright

37 4
(Top Level) =
Terminal

R RA22. ~/
‘citation()’ on how To cite R or R packages in publications.

Background Jobs

Type ‘help()" for on-line help, or
‘help.start()’ for an HTML browser interface to help.
Type 'q()’ to quit R.

"demo() " for some demos,

[workspace loaded from ~/.Rpatal

> 243
1 s
> #COMPARISON OF ALL COUNTRIES BY QUESTIONS
> mydata<- read.csv(“C:/Users/mariiadl/Documents/Projects/opep_data.csv™)
Error in file(file, "rt”) : cannot open the connection
In addition: war message:
In file(file, "rt) :
cannot open file 'C:/users/mariiad1/Documents/Projects/opep_data.csv': No such file or directory
> #COMPARISON OF ALL COUNTRIES BY QUESTIONS
> mydata<- read.csv("c:/users/mariiad1/Documents/Projects/opep_data. csv")
error in file(file, "rt") : cannot open the connection
In addition: Warning message:
In file(file, "rt™) :
cannot open file 'C:/Users/mariiadl/Documents/Projects /opep_data.csv': No such file or directory
#COMPARISON OF ALL COUNTRIES BY QUESTIONS
mydata<- read.csv("c:/users/mariiagl/Documents /opep_data.csv™)
#cowpartson oF alL countries Jif quesTIons
mydata<- read.csv("c:/usersgMariiagl/pocuments /opep_data.csv™)
attach(mydata)
prop.table(table(role,
country

VoYY Y oYY

untry),2)*100

role 1 3 4
1 0.000000 0.000000 2.000000
2 0. 1.666667 0.000000
3 0. 16.666667 0.000000
4 15, 31.666667 6.000000
5 35. 33.333333 38.000000
6 50. 29.411765 16.666667 54.000000
> barployfprop. table(table(physigns, country)
+ col=c("skyblue4", "darkslategrayl”, htskyblue3”, " Tightbluel™), ylab="%",
Yiceccn couprrigct o

Console window. This is where results, error messages and
warnings are shown. You can copy commands straight into this
window (if you wish to run a quick calculation not related to the

current analysis).

H Source

This is the environment window. Here we
can see datasets, fitted models and other
defined (saved) variables/objects that we can

use.

B Project: (None) -

[T  Environment History Connections Tutorial =0
-l = || & H | 7 mpontDataset ~ | @ 126+ | = st - -
“| | R~ | il Global Environment = Refresh the list of objects in the environment
pata
C'str™ | o mydata 167 obs. of 36 variables
("str
»
RScript &
=0
Files Plots Packages Help Viewer Presentation -
B ozoom  Feger e O & Pubiisn ~
I believe that | can recognize signs of physical domestic violence
o
a
o |
2
2
=
=2
o |
5
o |
I
o
Greece Cyprus Estonia Spain
Countries

This is where the plot will appear. Also, there are tabs on
top, one of which is the help tab, containing helpful information

on all the functions.




nstallation of additional R packages for the analysis (1)

1. Copy these codes and paste info B
the script window:

- Addis -

Ewrorment Hsioy  Comnecions Tutoral
2B P ol - | Yagw - |
® v | i Gickai Eviroemert +

library(readxl) # import Excel Shae

library(dplyr) # data wrangling
library(ggplot2) # graphs 7

library(corrplot)  # heatmap correlations 7

library(GGally) # scatterplot matrix S im e m

[T,

d [:
thrashold <
df < df[, colsums(is.na(df)) < threshold]

library(car) # VIF
library(Imtest) # diagnostic tests
library(sandwich) # robust SE
library(gimnet) # LASSO

R version 4,5.1 (2025-06-13 uert) ~- "Grea square Roar”
Copyrighn () 2025 The R Foundation for Statistical Computing
Platforn: x86_54-n6d-mingn32/x64

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcone to redistribute it under certain conditions,
Type "Ticense()" or "licence()" for distribution details.
% is a collaborative project with nany contributors.

Type "contributors()’ for more information and
“citation()}” on how to cite R or R packages in publications.

library(broom) # tidy
Ce and run by 0 g e o .

2. Select them all at o
either clicking “Run” command in the right
hand part of the script window or as @
combination of “Ctrl+Entfer”



Installation of additional R packages for the analysis (2)

If these packages have not been previously installed, they
should be installed one by one manually by clicking on

[ools — Install Packages

P Rstudio
Fle Edit Code WView Plots Session Build Debug Profife Tools Help
D -l H B & [ A Gotofiefunction
= Install Packages...

@] Untitled > af i Histy c; i Tutorial
Check for Package Updates... = tory

47 | b [)Sourceonsave | Q A <[ & +Run | o= + Source ~ = [ | 7 Import Dataset ~ | 3 a28miE - &
1-# - . = R = | ik Global Environment ~
2 # Analysis CEESEN_BENDER - all countr Version Control >
3  # correlations, OLS, LASSO pata
4. # @ bottom_10 10 obs. of 125 variables
Terminal > i
5 . ) . srmina © cv_lasso List of 12
[ # --- pPackages to insta - 3 .
7 Tibraryireadel) 3 import Excal Background Jobs © df 194 obs. of 125 variables
8 Tlibrary(dplyr) # data wranglir  addins » @ df_clean 167 obs. of 125 variables
9 Tibrary(ggplot2) # graphs © df_top_bottom 20 obs. of 122 wvariables
10 Tlibrary(corrplot) # heatmap corre Memory >
11 Tibrary(ceally) # scatterplot t @ lasso_coef Formal class dgCMatrix
12 Tibrary(car) # VIE © model1_lasso List of 12
13 library(Imtest) # diagnostic te¢ Keyboard Shoricuts Help Alt=Shift-K © modell List of 13
14 library(sandwich) # robust SE del N
: - 10 List of 13
15 Tibrary(gimmet) # Lasso Modify Keyboard Shortcuts, O mode 1.5 o
16 Tlibrary(broom) # tidy results  git Code Snippets.. ©model11 List of 13
17 © model12 List of 13
18 # --- 1. Import data --- Show Command Palette Crl+Shift=p © mode113 List of 13
19  df<- read_excel("c:/Users/mariiaol, /De xTsx™)
20 © model4 List of 13
21 Project Options... @ models List of 13
22 # —— 2. cleaning ——— © models List of 13
23 # a) substitute " with Na . o del . £
54 dF[AF —— " "1 < na Global Options.. mode17 List of 13
25 @ model8 List of 13
26 # b) convert character variables in numeric where possible © modela List of 13
27 df - df e e an U
28 mutate(across(where(is.character), ~ suppresswarnings{as.numeric(.))))
29 Files Plots Packages Help Viewer Presentation
30 # c) drop columns with too many NA (es. >90% missing) -5 Export ~

31 threshold <- 0.9 * nrow(df)
32 df < df[, colsums(is.na(df)) < threshold]

33

34 # double check

35 cat("pDimensions afrer cleaning:", dim(df), "\n")

36

37 # -—- 3. dependent variable descriptive statistics ---

328 # avheat
39  summary(dfSavheat)

40
41 # --- 4. explorative analysis ---
42 # avheat distribution -
43« >
111 B (Untitled) = R Script =
Console  Terminal Background Jobs =l

R~ R451 .~/

R version 4.5.1 (2025-06-13 ucrt) -- "Great square Root"
Copyright (C) 2025 The R Foundation for Statistical Computing
Platform: x86_64-w64-mingw32/x64

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome teo redistribute it under certain conditions.
Type 'license()' or ‘licence()’ for distribution details

R is a collaborative project with many contributeors.
Type ‘contributors()’ for more information and
‘citation()’ on how to cite R or R packages in publications.

Type 'demo()' for some demos, 'help()' for on-line help, or
"help.start()" for an HTML browser +interface to help.

Type 'q()" to quit R.

[workspace loaded from ~/.RDatal

Loading required namespace: Matrix
cailed with error - fmomarhed alancsed time 1imir*



File preparation and storage

M E Y & 5 countriesbenderadsx - Bicel P search

‘l. Save Excel file CO”ed ' File w Insert  Page Layout Formula:ata Review  View Help
“countries_bender.xIsx” with coded kSR e g | —

I copy ~
Merge& Center ~  TF~ % 9 G0 8 F?v’r’r‘\:ltttlw:n;‘v F?;:‘Zlfs Check Cell Explanatory ... Linked Cell Note

data* on disk C of your computer " St P LTI 0 _ __
preferably under “Documents” as PP ——— Y ey R D B
.X|SX Type. AP102 v i fi

ﬁ @ Bad Good Neutral @ ﬁg @ Z hutesum - %? /O E

Insert Delete Format i Sot@® Fnd&  Ad
N M v & Clear~ Filter ~ Select~

A N 0 P a R 5 T u v w X Y Z AA AB AC AD AE AF AG AH Al A AK AL AM AN
" Spetific
E Year of last electricity Specific natural
< renovation | consumption Total gas consumption
2 . M O ke O S e p O rO Te fo | d e r . F O r eXO m p | e ’ 1 workad ployed : retired | avsalary | bavsalary sassist gfa i condition: prop | year i(if avail (kWh/m2,year) : Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec avelectr: [MWh/year] | (kWh/m2,year)
T . IT] 2| 1 62.5 0.0 29 1419 158928 25 2975.14 228857 769 1966 2025 36.86 795 619 671 656 612 738 813 651 633 708 753 780 1.03 236 69.51
C O | | e d P rOJ e Cts U n d e r 3| 2 | 533 10.0 100 W19 42570 3.0 86239 66338 769 1985 NA 36,36 231 179 1% 1% 178 214 236 189 18 205 218 226 204 245 19611
0 " . . 4 3 68.8 16 172 1419 90816 3.4 1573.20 119478 759 1967 NA 36.86 415 323 350 343 320 385 425 340 333 369 393 407 367 .04 197.66
D o C U m e n is O n d S O V e EXC e | fl | e | n TO 5 4 66.0 21 171 1418 13338 45 3849.70 238136 619 1962 NA 36.86 828 644 638 68 637 768 846 678 664 736 784 812 732 81.18 149.39
. 6 5 | 55 13.0 174 1419 32637 43 113606 583.57 514 1959 NA 36.86 203 138 171 167 156 188 207 166 163 180 192 19 179 2151 207.09
‘I- h | S fo | d e r . 7/ 6 | 51 104 71 B8 68112 59 1680.00 101454 60.4 1964 NA 36.86 353 274 287 291 271 327 360 289 283 314 334 346 312 37.40 316.54
8 7 | 586 103 207 413 41151 41 858,62 69398  80.8 1900 NA 36,36 241 188 203 199 18 224 247 187 194 215 228 237 213 2558 19611
R 619 71 95 419 29793 23 73395 56458 769 1911 NA 36.86 19% 153 165 162 151 18 201 16 15 175 18 192 173 2081 186.97
0 9 | 533 6.7 267 1419 21285 19 43317 w2l 769 1870 NA 36,36 116 0% 09 0% 08 107 118 035 093 103 110 14 102 12.28 303.01
110 | 667 11 56 119 25542 2.0 50479 38233 769 1890 NA 36.86 135 105 114 111 104 125 13 111 108 120 128 132 119 1431 263.73
2, 1 | 545 121 212 1418 46827 43 71002 54617 769 1963 NA 36.86 19 148 160 157 146 176 194 15 152 169 180 18 168 2013 199.58
13 12 | K 143 143 1419 19866 41 501.81 34348 694 1984 NA 36.86 121 0% 102 100 083 112 124 039 097 108 115 119 107 12.84 134
¥ 1B | 667 0.0 83 " 119 1708 05 40393 31075 769 1928 NA 36.86 108 08 051 08 08 100 110 088 08 0% 102 106 095 11.45 352.30
15 14 | 550 150 150 1419 23380 45 66208 509.29 769 1962 NA 36,36 L7 138 149 146 136 164 181 145 142 158 168 LM 156 18.77 160.97
6 15 | 609 43 174 1419 32637 23 77844 5988 769 1962 NA 36.86 208 162 175 L2 160 193 213 170 167 18 197 204 184 207 192.86
17, 16 | 545 0.0 9.1 115 15609 03 30048 23114 769 1952 2025 36.86 080 063 068 066 062 075 08 066 064 071 076 079 071 252 172.79
1B 17 | 615 7.7 154 1419 13447 27 4538 349.08 769 1957 NA 36.86 121 0% 102 100 083 113 124 089 097 108 115 119 107 1287 306.83
19 18 | 465 1.1 11 1418 140481 63 3003.12 231009 769 1977 NA 36.86 803 625 677 662 618 745 821 657 645 714 760 788 740 85.15 194.64
20 19 | 505 149 198 1419 143319 87 312743 240575 769 1969 NA 36.86 836 651 705 690 644 776 855 685 671 744 792 820 739 33.68 2761
21, 20 | 504 138 81 119 174537 6.0 2987.82 229823 769 1977 NA 36.86 799 622 673 659 615 741 817 654 641 711 756 784 106 EINI 206.52
2 2 | 512 18.1 126 1419 180213 85 3685.15 283473 769 1973 NA 36,36 985 767 83l 813 759 914 1007 807 791 877 933 967 871 10449 188.50
23 2 | 490 163 184 1419 69531 63 167200 107626 64.4 1975 NA 36.86 374 291 315 309 288 347 382 306 300 333 354 367 331 39.67 257.30
4 23 | 00 80 6.0 113 70950 4.0 167200 107813 645 1975 NA 36.86 375 292 316 309 28 348 38 307 301 333 355 368 331 30.74 257.30
5 % | 520 16.0 160 1419 70950 6.0 167200 107813 645 1975 NA 36.36 375 292 316 309 289 342 38 207 301 333 355 368 33 30.74 257.30
6 25 | 500 125 50 K18 2704 41 75400 40806 541 1968 NA 36.86 142 110 120 117 109 132 145 116 114 126 134 133 125 15.04 256.63
27 2% | 533 133 6.7 119 42570 3.8 90500 60647 67.0 1910 NA 36.86 211 16 178 17 16 1% 215 173 169 188 200 207 18 235 201.60
8 27 | 2 13.0 217 B8 6527 5.8 167200 107813 645 1975 NA 36.86 375 292 316 309 289 343 38 307 301 333 355 368 331 30.74 201.60
29 28 | 481 135 50 419 73788 6.6 167200 107869 645 1975 NA 36,36 375 292 316 309 28 348 383 307 301 334 355 368 331 39.76 20160
0 29 | M1 159 93 ' 119 1518 6.2 386100 229750 59.5 1977 NA 36.86 799 622 673 659 615 741 816 654 641 711 756 783 1.06 24,69 189.45
3130 | 594 1.2 94 115 150414 6.0 382800 221280 G57.8 1968 NA 36.86 769 599 648 635 582 714 78 630 617 68 728 754 680 8156 193.18
2 N | M3 163 9.6 1419 14757 6.6 3839.00 221964 578 1967 NA 36.86 272 601 650 637 5% 716 78 632 619 68 731 757 682 81.82 178.16
3 32 | 405 171 81 115 157509 6.5 400200 231408 57.8 1977 NA 36.86 804 626 678 664 619 746 822 658 646 716 762 789 741 85.30 194.64
M4 B | 586 103 161 243757 119847 2.0 32583 345 996 1985 NA 164 048 043 043 037 037 043 0438 048 043 037 043 053 043 532 100.00
35 3 | 586 103 161 243757 182818 26.0 5869 5850 997 1987 NA 164 08 077 077 067 067 077 08 08 077 067 077 036 078 9.59 100.00
6 3/ | 586 103 161 243757 44689 320 182826 1826 999 1987 NA 164 027 024 024 021 021 024 027 027 024 021 024 030 024 299 100.00
37 3% | 633 6.4 133 261626 1111912 26.1 231021 2950 993 1975 2011 3.05 631 561 561 491 481 561 631 631 561 491 561 701 573 70.11 100.00
37 | 653 6.4 133 261626 965837 254 201507 19935 989 1975 2006 3.97 713 633 633 55 554 633 713 743 633 554 633 792 647 79.18 100.00
% . . . 9 38 | 653 6.4 133 261626 207121 294 5187.89 5130 989 1980 2012 1192 550 489 489 428 428 489 550 550 489 428 489 611 499 61.14 100.00
How the data has been coded is shown in the file called 40 39 | 6195 8.35 147 252692 774921 270 167452 1664190 99.4 1975 NA 3.98 596 530 530 48 46 530 595 59 530 46 530 66 541 66.19 100
“Codebook” 41 40 | 6195 835 147 252692 229528 27.0 598116 5944.28 994 1981 NA 3.98 213 18 18 165 16 189 213 213 189 165 189 236 193 23.64 100
2 M | 6195 835 147 252692 229528 27.0 598116 594428 994 1980 NA 3.98 213 189 189 165 165 189 213 213 18 165 189 236 193 23.64 100
43 &2 | 6195 835 147 252692 408518 27.0 9680.89 962119 994 1981 NA 3.98 344 306 306 268 268 306 344 3M 306 268 306 383 313 38.27 100
4| 8 | 6195 835 147 252692 787556 270 16596.2 16493.84 99.4 1975 NA 3.98 590 525 525 459 459 525 590 590 525 459 525 656 536 65.60 100




Loading dataset info R environment (1)

] . Copy O” -I-he COdeS from -I-he file <« > ™ c [J > Documents > Projects
13 1 M
called “R codes.fxt” info script O | % D B 0| mae = v
WIndOW N R programme’ £} Home Name Date modified Type Siz
2- ExeCUTe The Commcnd R e 3 countries_benderasx 22.12.2025 16:31 Microsoft Excel W... 331 KB

(Ctrl+Enter):

df<- read_excel("C:/Users/YOUR & pomiont :
NAME/Documents/Projects/count o=

ries_bender.xlsx") o

NB! The path to your file in " " will vary,
you have to check it under S
“countries_bender.xIsx" file's e
“Properties”

For that: Go to Documents = folder
“Projects” - right click on the file
“Ycountries_bender.xIsx” -
Properties 2 under “Genera
you Wwill see the correct location
of your file.

[+ countries_benderxlsx Properties

countries_bender xlsx

General Digital Signatures  Securty Details  Previous Versions

Microsoft Excel Worksheet (xlsx)

5 : uExcel

Change...

—~>
C:ilsers’ O Documents'\Projects

Locat

Size 330 KB (338 796 bytes)

Size ondisk: 332 KB (335 968 bytes)

Created leisipaev, 16. detsember 2025, 17:21:53

Modified esmaspaev, 22. detsember 2025, 16:31:28
Accessed: Today. 1. juuni 2026, 7 minuti eest

Pitributes: [JRead-only ] Hidden Advanced...




Loading dataset into R environment (2)

3. If there were no errors running these commands (due to missing parenthesis
for example), then a dataset named “df” should appear in the top right
corner window (environment window):

=[]  Environment History Connections Tutorial =]

bsouee +| = P H | mport Dataset < | Y33 mie - |

“ R+ [} Globa Environment =

Da
( 122 obs. of 69 variables >

If you click on the dataset row, the dataset or its information is shown. For
more details on how to use R programme, one can use a user-friendly
online guidebook available here or manuals allocated on R website here.

4. Run all codes from “R codes.txt' file


https://bookdown.org/rwnahhas/IntroToR/
https://cran.r-project.org/manuals.html

.......... - CENTRAL & EASTERN EUROPEAN
CEE SUSTAINABLE ENERGY NETWORK

SE“ CEESEN BENDER

Description of the model
and resulis

CEE *Z’f; Co-funded by
" S +“U" | the European Union




Dataset overview

Cross-sectional annual data has been collected by BENDER project partners in four countries — Croatia, Romania,
Slovenia and Poland — to pilot the tool developed initially on Estonian data. Three groups of data are used:

Socio-economic data of MAB* residents Technical characteristics of Energy data
buildings

 Number of (mostly) empty flats with O  GFA - Gross Floor Area (m2) | = MAB electricity
residents consumption [MWh]

« Number of flats with 1 resident « Conditioned area (m2)

 Number of flats with 2 residents « MAB natural gas

« Number of flats with 3 residents or more consumption [MWh]

« Average living area per flat (m2) « Conditioned area % from

 Number of residents living in the MAB GFA « MAB heating costs [€]

« Average living area per person (m?2)
« Percentage of owners living in the MAB (%) |+ Year of construction
« Percentage of tenants living in the MAB (%)
« Children below 18 of age (%) « Year of last renovation (if
« Working adults 18-60 of age (%) available)

« Unemployed adults 18-60 of age (%)

« Pensioners above 60 of age (%)

« Average salary per dwelling (€ gross)

« Dwellings with residents receiving social

assistance (%) L
*MAB — multi-apartment buildings




Sample and Variables

The sample consists of 122 observations from four countries.

Independent variables:

- Country
- Household composition (number of dwellings with 0, 1, 2, 3 or more residents)
- Average living area per flat

- Average living area per person

- Ownership structure:
« Share of owners (%)
« Share of renters (%)

- Employment structure:

« Children below 18 of age (%)

« Working adults 18-60 of age (%)

« Unemployed adults 18-60 of age (%)

« Pensioners above 60 of age (%)

-Income (measured as average monthly salary per building (€ gross))
- Flats with residents receiving social assistance (%)

- GFA - Gross Floor Area (m2)

- Conditioned area (m2)

- Year of construction

- Average electricity consumption of building per year [MWh]

- Average natural gas consumption of building per year [MWAh]

Dependent variable:

Average annual
heating costs, €




Correlation analysis, OLS and LASSO

» Correlation analysis showed which independent variables
correlate with each other - only one should be included

> 16 Multiple Linear Regression (MLR) models were tested to
identify which factors are consistently significant across all
the models

» LASSO model was applied to double check the results of
OLS. When many predictors are involved LASSO identifies
the most important from them.



Multicollinearity and Heteroscedasticity Tests

» VIF (Variance Inflation Factor) is applied to detect a
multicollinearity problem in tested models. VIF between
1 and 5 is an acceptable range.

» Residuals
» Check for linearity and homoscedasticity

» Check for normality of residuals

» Robust Standard Error (test for heteroscedasticity)



LASSO model for Croatia, Poland and Romania

Significant factors LASSO coefficient m

Average monthly salary per building 0.000002101748 0.05
Country 0.5015637 0.4
Percent of unemployed adults age 0.02386472 0.15
18-60

Number of (mostly) empty dwellings 0.06683785 0.3
with 0 residents

Year of construction 0.006892765 0.1

*Weights are selected based on the magnitude of LASSO coefficients

Calculation of a weighted score:

country * weights[0.4] + resident0_std * weights[0.3] +
unemployed_std * weights[0.15] + year_std * weights[0.1] +
bavsalary_std * weights[0.05]



LASSO model for Slovenia

For Slovenia, factor “unemployed” has to be excluded from the analysis, since no observations for this factor are available.

Significant factors LASSO coefficient m

Average monthly salary per building 0.000002101748 0.1
Country 0.5015637 0.4
Number of (mostly) empty dwellings 0.06683785 0.3

with 0 residents

Year of construction 0.006892765 0.2

*Weights are selected based on the magnitude of LASSO coefficients

Calculation of a weighted score:
country_std * weights[0.4] + residentO_std * weights[0.3] +
yvear_std * weights[0.2] + bavsalary_std *weights[0.1]



Houses which require renovation first — lowest rank score

The outcome of the model is ranking of the buildings as it is exampled below. Where the
houses that collected less points (dark red) require renovation first.

Bottom 10 House Rankings
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Limitations of the model - room for improvement!

> Small datasetl!

» Longitudinal data would be preferrable (e.g. 5 years)

» More variables to include (e.g. some other technical
characteristics of the buildings are omitted)

» Seasonality is not captured (cross-sectional datq)
» Gas data was not available for all the buildings.

> Gilven aricher dataset, a different statistical model can
be applied.

» Slovenian sample was not full.



Who can use the model?

Local authorities (e.g., for renovation of

/ municipal buildings)
L]

. Financial infermediaries (e.g., KredEx in
Estonia) for deciding on the grants

Energy agencies for data driven advise

®
o

Data owners!
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