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The Regressive Causal Structure of Heating Energy Consumption Affected
by Household Income and Housing Characteristics
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Abstract

Paying an attention to the issue of energy poverty of low-income households and ensuing
regressivity of energy consumption, this study empirically analyzes the effects of both
household and housing characteristics on heating energy consumption in an integrated way
and identifies their causal structure based on the 2016 Korea Housing Survey data provided
by the Korean government. Multiple regression analysis shows that household income and
deteriorated level of housing, such as age and degree of cracks have positive effects and floor
area of housing has a negative effect on the heating energy consumption per unit area of
housing (HECPUH). Path analyses further reveal that the direct effect of household income on
HECPUH is offset by the indirect effects that are mediated by deteriorated level and floor area
of housing, making the total effect statistically insignificant. As a result, there is no significant
difference in HECPUH across all income strata, implying that low-income (high-income)
households pay more (less) heating costs relative to their income level, since they reside in
the houses with relatively low (high) energy efficiency. To deal with this regressive causal
structure of energy consumption, a policy option is recommended to improve energy efficiency
of low-income housing through the government assistance in its maintenance and repair.
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Table 1. Descriptive Statistics

Table 2. Changes in Heating Costs and Housing
Characteristics by Income Quintiles

Variables N mean s.d.
W | (MR Heating | Heatin .| Housing
hia?ng Costs| (1.000won | 19829 | 6.8 41 Income costs—g costs pe?r Housing strugtural Floor
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7teEE Al th
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age Yy 5 5.7 7.2 193 19 209
nEED 6" 48 69 175 19 222
pgax | A= 13,148 | 65.3%
Yol of  [=highschool f 54 433 ° 7 | 44 | 68 | 171 | 18 | 236
education | ThE OIS 6,985 | 347% & | 39 | 66 | 159 | 18 | 247
— th
- Xt 9 34 6.6 16.0 17 266
’ﬁg‘jﬁsH owner | oo 12,366 | 614% 10" | 26 64 | 161 17 | 293
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oftE e
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Zapdss ()
housing age sz 16844 | 192 | 98
(o] 3 = = — _—
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F o = o] A
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injitl/idau;zllec 810 41% /\o ] 7}‘?5\_50] E':Q‘l"E E]'E EE 7:5
JHEAEH QIRIEH WL} L= =
individus 133 | 07% o] LHg Wi(ceteris paribus) BE HHHIE =7
briquette HOg RO S7lshs AR LERTE nit
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Table 3. Estimation Results of Multiple Regression Analysis

: Robust
Variables Coef. Std. Err t P>t Beta VIF
7F*A5 household income (10,000 won) 0.002 0.000 6.010 0.000*** 0.131 1.78
815 household size (person) 0.300 0.033 8.990 0.000*** 0.102 1.59
7t7F M householder age (year) 0.053 0.014 3.790 0.000*** 0.223 58.6
A2 ag¢? 0.000 0.000 -3.950 0.000*** -0.239 584
WFF level of education (2college=1) 0.151 0.068 2.230 0.026** 0.020 1.63
HRHEN housing tenure (owner=1) 0.087 0.061 1.430 0.153 0.011 1.22
ZEIHA fioor area (o)) -0.140 0.005 -27.940 0.000*** -0.347 1.45
FEHR S housing types (apartment=1) -1.194 0.067 -17.720 0.000*** -0.159 1.70
(central=1) 1.191 0.119 10.000 0.000*** 0.064 1.23
LAl (individual oil=1) 1418 0.154 9.190 0.000%*** 0.128 2.72
heating types | (individual gas=1) 0.703 0.066 10.640 0.000*** 0.091 2.09
(O=district) [ (individual elec.=1) 2678 0.251 10680 | 0.000*** | 0.130 1.48
(individual briquette=1) 0.184 0.483 0.380 0.703 0.004 1.09
A1HA== housing age (over 25 years=1) 0.322 0.074 4.360 0.000*** 0.040 1.33
T HAE housing structural condition (bad=1 0.807 0.204 3.960 0.000*** 0.038 1.05
X|1 Regiont | (Seoul metro area=1) 1316 0.060 21.870 0.000%** 0.176 1.63
(metro city=0) | (province=1) 0.801 0.088 9.130 0.000%*** 0.103 2.72
K| 92 Region2 (urban=0, rural=1) 0.541 0.081 6.700 0.000%*** 0.061 1.36
X| 93 Region3 (southern=0, central=1) 0.286 0.101 2.830 0.005*** 0.031 1.99
Intercept 5.528 0.407 13.580 0.000
no. of samples, R N=16,173, R’=0.202
* p<0.1, ** p<0.05 *** p<0.01
FEIEMO] 4% FHHAO] ZrIsHH BY W OsHAl =A LER, SEdHO0IL sEXY9] et
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Zof| Hidloto] Y= S7ketelete 1 st 4 Utk st JEAE] Hls A= 710 ¢
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AS VEARE, J1RAE0] ARELA0] LsEg Figure 1. Estimation Results of Path Model 1

Table 4. Estimation Results of Path Model 1

Causal path Coef. Stag:grgczed CR. S}_FSS ";?figi? ;’fcf);aclt Goodness-of-fit tests
@ 7t7AS - HE et 0.001 | 0058™| 670 | 0.058™| - 0002 |y2=7.581 DF=1 p=0.006
@ a5 - =S ETMEP | -0001 | -0350™ | -38.1 [-03507| - - RMSEA=0.020
® CFTEHE > Y HH9] 1.000 | 0160™| 151 | 0.160™ |-0.056" - CFI=0.999 TLI=0.992

*p<0.1, ** p<005 *** p<0.01
a) Household income — Heating costs per py, b) Household income — Deteriorated level of housing
) Deteriorated level of housing — Heating costs per py
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AR 0150l AHISHIAL OE=FE wFo Hish o Figure 2. Estimation Results of Path Model 2

Table 5. Estimation Results of Path Model 2

Causal path Coef. &agg@d CR Efiggg Ir;?figzgt gf?éaclt Goodness-of-fit tests
@ 71 7AS - HE g 0.002 | 0120™| 165 | 01207 - -0.010" | 2=0.000 DF=0
@ 7M7AS — ZEHHED) 0.016 | 0360™| 606 | 03607 | - - RMSEA=0.000
® FEIHE - Heh ]9 -0.160 | -0.360" | -53.6 [-0.360""|-0.130""| - | CFI=1.000 TLI=1.000
* p<0.1, ** p<0.05 ** p<0.01

a) Household income — Heating costs per py, b) Household income — Floor area

¢) Floor area — Heating costs per py

110 | "EEA, H533 6= (2018)



=
e |

SN0 W2 Lh

ofluix] 2Hlo] AFIE

i 3

:

g
O
o 0 % 2o

2o odo e oot ooy 2

HHH7E S7FSHAIRE

B
A
i)
H

o

Y =0

oI5
B o
ite) =
0L Mo
2 g
24
(@]
W
N g =

9,

)
it}

i
g
b
i

i
|2
i

T H= Z0=E
o] mifske A% eIt ASSIELE AA
Q5 AAEEQ Wi XE0] IAESH

A7 o A2

=
o

30
2
2
o

B

FEIO| -SETEHIC FHHES
=Ry 39 FE4me # 61
O 30] Ut Ity BHO| IV} 164947 1E
e AA GA] *EE T2 29| At W
Al9h RMSEAZ} 0.05HCH &3l CFIQF TLIO] 0.95

CF AN 29 Afies Sio] WS Ut %

Table 6. Estimation Results of Path Model 3

OF & 4 Ak FPAI-
QAlBI) PE Az A
of 7FPE0] §E4E
Sk, PERoRE
mEoR gas 47
ZEo] AZEoRA BYIREY oK)

ba
o
2
i

s

|, TPl A2 WA9] FeEo]
Azstomm oluixl £AT a84 Ase B9
HP7E S7Isk= Z1e= dliAfErh
AEATY AV 7THAS0] Y H|of 1)
mas | [ 2
Housing age | | struideyral eond.
S22 A
Deteriorated level
of housing
SISAE B o]
M ehad 0.170% o
0.350%** -0.340%**
Zeiol

Floor area

Figure 3. Estimation Results of Path Model 3

Causal path Coef. Staé:(b;tgfzed CR Eiiﬁ"’:g Iré?géi? gfcf)é?:!c Goodness-of-fit tests
@ 7L 5 - EHY P 0.003 | 0.170™| 19.6 | 0.170™ - 0.007
@ ITAE » LS EZFAMEP | -0.001 | -0.340™ | -37.0 |-0.340™ - - X’=253.8 DF=3 p=0.000
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* p<0.1, ** p<0.05 *** p<0.01

a) Household income — Heating costs per py, b) Household income — Deteriorated level of housing
) Deteriorated level of housing — Heating costs per py d) Household income — Floor area

e) Floor area — Heating costs per py
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