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❙Abstract❙
The purpose of this study is to provide basic data needed for credible economic evaluation aiming 

at the dissemination of passive houses by 2017. The economic evaluation of passive houses was performed 
in terms of the payback period calculated with saved heating energy cost and increased construction 
cost compared with the existing general apartments. Reliable economic evaluation should be preceded 
by the selection of the representative models of the existing apartments. And general apartment models 
that follow the standards for the energy-saving design of building by year after 2001 were selected. Heating 
energy demand, energy cost, and construction cost for the general apartment models and the green home 
model, which represents passive apartments, were calculated; and a comparative analysis between the 
models was carried out. In the calculation of construction cost, the bid price rate, which has effects 
on the construction cost, was considered. As a result of analyzing the characteristics of heating energy 
consumption by part for each model, it was found that models that follow the 2001 and 2008 standards 
for the energy-saving design of building represent the insulation property of general apartments. In con-
clusion, it was judged that the most realistic method for the economic evaluation of passive houses is 
to apply the general qualification rate or the bottom bid price rate, on the basis of general apartment 
models following the 2001 and 2008 standards for the energy-saving design.
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I. Introduction   

1. Background and Purpose of Study

Energy supply & demand and global 

warming caused by climate change have 

emerged as urgent global problems in recent 

years. In this context, the Korean govern-

ment set the target of reducing 30% of 2020 

BAU; and in its 2009 plan for the vital-

ization of green city and buildings, decided 

to reduce 26.9% in the section of build-

ings(home and commercial) that accounts 

for 25% of the national greenhouse gas 

emissions(Ministry of Land, Infrastructure 

and Transport, 2009). Based on this scenario 

of greenhouse gas reduction, the govern-

ment announced a road map for reducing 

50% of cooling and heating energy in 2012, 

and requiring all new houses to comply with 

the standards of passive house from 2017 

and those of zero energy housing from 

2025.

In addition, according to the press release 

of June 2015, the government decided and 

announced its own 2030 target to ‘reduce 

the country’s greenhouse gas emissions by 

37% from the business-as-usual(BAU) level 

(851 million tons)’ prior to the post-2020 

climate regime to be formed in December. 

It is expected that the post-2020 climate re-

gime agreement will be adopted in COP21 

to be held December in Paris on the basis 

of each country’s submitted INDC (intended 

nationally determined contribution).

Therefore, it is now important to pay at-

tention to the post-2020 climate regime that 

will apply from 2020. Submitting the target 

for reduction, the government announced 

that it would actively foster and expand new 

energy industries as creative and epoch- 

making for reducing greenhouse gas, and 

improve support system, rather than impos-

ing regulations, so that industries may make 

spontaneous efforts to save energy and re-

duce green gases through the market and 

technologies. On this, since 2009, the 

Ministry of Land, Infrastructure and Transport 

has worked out the green policy and has car-

ried out model projects for the dissemination 

of green home and the vitalization of zero 

energy buildings.

The reality, however, is that the air-tight 

high-performance window and the outside 

heat-insulation wall method, which are core 

passive element technologies for the im-

plementation of zero energy buildings, have 

not been widely distributed in the market. 

There are various reasons for this, but rising 

costs are the biggest reason. Therefore, for 

the dissemination of passive houses, the cost 

efficiency of core passive element tech-

nologies should be secured first, which will 

make it possible to create the residential 
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space pursuing sustainability, amenity, and 

economic feasibility for future apartments as 

well as to achieve the policy target of the 

government.

The purpose of this study is to provide 

basic data needed to analyze the economic 

feasibility of the passive multidwelling unit 

(hereinafter MDU), for the 2017 Dissemination 

of Passive Multi-Dwelling Units, a major 

plan for the reduction of national carbon 

emissions.

The economic evaluation of passive MDU 

can be performed in terms of the payback 

period calculated with the saved heating en-

ergy cost and increased construction cost of 

passive MDU compared with the costs of 

general MDUs. However, there is difficulty 

in the economic evaluation, for there is no 

clear definition on the standard model of 

general MDUs, which serve as the criteria 

for the economic evaluation. For reliable 

economic evaluation, an analysis for setting 

the criteria should precede, and methods for 

enhancing economic feasibility should be 

worked out on the basis of the analysis.

2. Scope and Method of the Study

For the economic evaluation of passive 

MDU, this study developed general MDU 

models and a passive MDU model, and cal-

culated the heating energy demand and the 

construction cost for each model through 

simulation. For the evaluation of energy per-

formance in the general MDUs, which serve 

as the criteria, the Standard for the Energy- 

saving Design of Building (Ministry of 

Land, Infrastructure and Transport, 2001- 

2013) was applied. The Standard for the 

Energy-saving Design of Building raised 

criteria for heat insulation performance 

through its several revisions after 2001. To 

reflect this, four models, to which criteria 

for heat insulation performance pursuant to 

2001, 2008, 2011, and 2013 Standard for 

the Energy-saving Design of Building were 

applied, respectively, were selected as gen-

eral MDU models by year for economic 

evaluation. Further, windows and insulation 

parts that met relevant thermal insulation 

criteria were selected, and the construction 

cost of a system selected from the Monthly 

Price Information(Korea Price Research 

Center, November 2014) was calculated.

For the passive MDU model, an 8-storied 

zero carbon green home MDU, a passive 

house constructed 2012 in Goyang-si, was 

selected. The construction cost was calcu-

lated with the unit prices of passive element 

technologies used in the zero carbon green 

home, that is, the unit prices actually applied 

at the time of construction(Zero Carbon 

Green Home As-built Document, 2012). 

Factors that influence the economic evalua-
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tion of passive MDU are the saved heating 

energy cost and increased construction cost 

of passive MDU compared with the costs 

of general MDU. The biggest factor in the 

variation of heating cost is the differences 

in the thermal insulation performance of 

general MDU by year, which vary heating 

cost greatly, and ultimately influence the 

economic feasibility of passive MDU. In the 

case of construction cost, actual construction 

cost reflects the bid price rate, and thus the 

economic feasibility varies according to the 

bid price rate. Therefore, reliable economic 

evaluation requires an economic analysis 

made in consideration of the above factors 

of variation.

The method and procedure of this study 

are as shown in Fig. 1.

First, institutional changes in the standard 

for the energy-saving design of domestic 

buildings, and the results of residential 

building construction were investigated in 

order to analyze the energy performance 

characteristics of general MDU; and trends 

of domestic studies on passive houses were 

reviewed.

Second, the heating energy demand and 

the construction cost were calculated with 

the general MDU models, which follow the 

Standard for the Energy-saving Design of 

Building according to the years, and the pas-

sive MDU model, to which the zero carbon 

green home validation housing was applied; 

and differences in them between the models 

were analyzed.

Third, factors in the reduction of heating 

cost and construction cost, which influence 

the economic feasibility of passive MDU, 

Method and procedure of the study

1. Establishing general MDU models and passive MDU criteria

2. Calculating the heating energy requirements and construction costs of general MDU models, to which the Standard for
energy-saving design by year was applied, and the passive MDU model (using ECO-Home program)

3. Analyzing the heating energy requirements and construction costs for the economic evaluation of passive MDU

4. Suggesting the optimum construction cost levels of core element technologies for the diffusion of passive MDUs,
and suggesting the standard of general MDU model.

Fig. 1. Method and procedure of the study
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were derived.

Lastly, the construction completion years 

of general MDU models acting as the cri-

teria were suggested by analyzing economic 

feasibility according to the general MDU 

models by year and bid price rates.

II. Theoretical Review of the 
Study

1. Changes in the Standard for the 

Energy-saving Design of Building

In 2013, the government published and 

enforced the Green Building Construction 

Support Act in order to disseminate and ex-

pand energy-saving green buildings, with 

the target of all new buildings being passive 

houses by 2017. In addition, the government 

revised the ‘Standard for the Energy-saving 

Design of Building,’ a detailed architecture 

standard, and it was stipulated that standard 

scores or higher should be obtained in the 

evaluation of the application levels of elements 

such as thermal insulation and equipment.

After the Building Act was enacted in 

1976 to prevent heat loss from buildings, 

the government repeated its revision from 

time to time. As it became necessary to 

strengthen the energy efficiency of buildings 

in order to cope with the Framework 

Convention on Climate Change and the era 

of high oil prices, the government began to 

promote efficient energy saving by improv-

ing and strengthening in 2001 the ‘Standard 

for the Energy-saving Design of Building’ 

(Ministry of Land, Transport and Maritime 

Affairs Notification No. 2001-314) focusing 

on the prevention of heat loss from build-

ings, as shown in Table 1. Since the revision 

in 2001, the standard of heat insulation has 

been strengthened 20% on average, and the 

heat performance of window, which has the 

greatest effects on the heat loss of a build-

ing, was subdivided into the overall U-value 

including window frame and pane.

After the 2009 policy on the vitalization 

of green city and buildings, the standards 

for the thermal insulation performance of 

skin as well as window were greatly re-

inforced from 2011.

2. Analysis on the Results of Domestic 

Housing Construction

The results of domestic housing con-

struction by year and the distribution of 

housing by type were investigated to find 

out the distribution of MDUs among the 

whole housing. The results of domestic 

housing construction were analyzed, using 

the Statistics of Housing Construction 

(Statistics Korea, 2015) from the KOSIS 
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(Korean Statistical Information Service), a 

portal of the Statistics Korea. As shown in 

Fig. 2, the results of housing construction 

from 1995 to 2014 show that in the 1990s, 

Time of revision
Wall Roof Floor Window

Central Southern Jeju Central Southern Jeju Central Southern Jeju Central Southern Jeju

Sep. 15, 1979 -
Dec. 31, 1980

1.05 1.05 1.05 Double-glazed window

Jan. 1, 1981 -
Mar. 26, 1984

0.58 0.58 1.16
3.49 or double-glazed 

window

Mar. 27, 1984 -
Jul. 20, 1987

0.58 1.16 0.58 1.16 0.58 1.16
3.49 or double-glazed 

window

Jul. 21, 1987 - 
Jan. 16, 2001

0.58 0.76 1.16 0.41 0.52 0.76 0.58 0.76 1.16 3.37 3.60 5.81

Jan. 17, 2001 
- Jul. 9, 2008

Direct 0.47 0.58 0.76 0.29 0.35 0.41 0.35 0.41 0.47 3.84 4.19 5.23

Ind. 0.64 0.81 1.10 0.41 0.52 0.58 0.52 0.58 0.64 5.47 6.05 7.56

Jul. 10, 2008 
- Jan. 31, 2011

Direct 0.47 0.58 0.76 0.29 0.35 0.41 0.35 0.41 0.47
3.00

(3.40)
3.30

(3.80)
4.20

(4.40)

Ind. 0.64 0.81 1.10 0.41 0.52 0.58 0.52 0.58 0.64
4.30

(4.60)
4.70

(5.30)
6.00

(6.30)

Feb. 1, 2011- 
Sep. 30, 2013

Direct 0.36 0.45 0.58 0.20 0.24 0.29 0.30 0.35 0.35
2.10

(2.40)
2.40

(2.70)
3.10

(3.40)

Ind. 0.49 0.63 0.85 0.29 0.34 0.41 0.43 0.50 0.50
2.80

(3.20)
3.10

(3.70)
3.70

(4.30)

Oct. 1, 2013
- Presenta)

Direct 0.27 0.34 0.44 0.18 0.22 0.28 0.23 0.28 0.33
1.50

(2.10)
1.80

(2.40)
2.60

(3.00)

Ind. 0.37 0.48 0.64 0.26 0.31 0.33 0.35 0.40 0.47
2.20

(2.60)
2.50

(3.10)
3.30

(3.80)

a) From the 2008 Standard for Energy-saving Design, different standards of window were applied to MDU and buildings other than 
MDU. ( ) denotes a standard for buildings other than MDU.

Table 1 Changes in Standard for the Energy-saving Design of domestic new buildings_U-values of building 
parts by region

(Unit: W/㎡K)

(Unit: house)

0
Results of
construction

100,000

200,000

300,000

400,000

500,000

600,000

700,000

2001200019991998199719961995 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 20142002

Source: Statistics Korea, 2015.

Fig. 2. Results of domestic housing construction
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the annual average construction perform-

ance of 600 thousand houses was main-

tained before the foreign currency crisis in 

1998, but decreased to 300 thousand houses 

in 1998. In 2001, the housing construction 

sharply increased again to 670 thousand 

houses, then decreased again after the global 

financial crisis in 2008, and maintains the 

annual average construction of 500 thousand 

houses in 2014.

In addition, as shown in Fig. 3, the analy-

sis of construction results by housing type 

shows that MDUs including apartments and 

multi-household houses accounted for 59.3% 

of the whole housing and exceeded a ma-

jority after 2000, and that a large majority 

71.6 % of the domestic housing were MDUs 

in 2010. Consequently, this study carried 

out research, selecting MDU as the repre-

sentative building type of domestic housing.

3. Review of Studies on Passive MDU

Most studies on enhancing the energy ef-

ficiency of domestic MDUs for the reduc-

tion of carbon emissions have been con-

centrated on the energy consumption of 

MDUs. In a survey on energy consumption 

at the stage of the actual operation of gen-

eral MDUs, Park Seol-hui et al. (2014) con-

ducted a survey of 17 MDU complexes, 

whose construction was completed between 

2002 and 2011, with respect to energy con-

sumption in the sections of heating, hot-wa-

ter supply, electricity, and gas (cooking). 

Cheong Chang-heon et al. (2010) com-

paratively analyzed standards for energy 

performance evaluation in Passive House 

and those in the building energy efficiency 

rating system, conducted surveys of energy 

consumption in actual passive buildings and 

1980 1985 19951990 2000 2005 2010
0

20

40

60

80

87.5

77.3

66.0

47.1 47.7

37.5 37.1
31.9

27.3
22.7

8.4
11.6 11.6 13.5 12.613.5

7.0

53.0
59.0

100
(%)

5.7
3.0

Detached house
Apartment
Row house/multi-household
Non-residential

Source: Statistics Korea Housing Census, 2010.

Fig. 3. Distribution by housing type
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in building energy efficiency rating certified 

buildings, and suggested improvements in 

the building energy efficiency rating certifi-

cation system.

Most of studies on low-energy MDUs or 

passive MDUs also address the effects of 

energy consumption reduction in case of ap-

plying specific element technology. Song 

Seung-yeong et al. (2009) analyzed annual 

heating energy reduction effects in case of 

applying external insulation system. Choe 

Yun-jeong et al. (2013) derived integrated 

energy performances formulas for window 

by considering relevant methods for evaluat-

ing windows that have the greatest effects 

on cooling and heating load in MDU.

Like the above, most related studies are 

concentrated on the energy consumption of 

buildings. However, the economic evalua-

tion, which should precede for the dissem-

ination of passive MDU, requires inves-

tigation not only into the energy con-

sumption of buildings, but also into factors 

that have effects on the establishment of the 

standard model (baseline) of general MDU, 

which acts as the criterion for economic 

evaluation, and on the calculation of the 

construction cost of actual MDU.

In addition, the overall energy con-

sumption used by MDU and the share of 

heating energy in it were reviewed. The 

Energy Consumption Survey (2008) re-

ported that the annual overall energy con-

sumption used by MDU of 33 pyeong was 

15,217 kWh as of 2008, among which 

equipment accounted for 3,104 kWh(20.4%), 

lighting 574 kWh(3.8%), heating 7,430 kWh 

(48.8%), hot-water supply 3,183 kWh(20.9%), 

and cooking 926 kWh(6.1%), respectively. As 

for the heating energy, as shown in Table 2, 

as a result of examining the annual energy 

consumption by use in MDU on the basis of 

legal standards in 2008 and 2010, it was 

found that it accounted for approximately 

Division
25-pyeong 33-pyeong

2008 legal standard 2010 legal standard 2008 legal standard 2010 legal standard

Equipment 2,808 2,808 3,104 3,104

Lighting 519 519 574 574

Heating 6,770 4,786 7,430 5,167

Fan 　- 　- 　- 　-

Hot-water supply 3,070 3,070 3,183 3,183

Cooking 926 926 926 926

Total 14,093 12,109 15,217 12,954

Table 2 MDUs’ total annual energy consumption        
(Unit: kWh)
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50%. Thus, this study selected and inves-

tigated the heating energy, for the evaluation 

of the energy consumption according to the 

MDU models.

4. Overview of Zero Carbon Green Home

The zero carbon green home used as the 

model of passive MDUs in this study was 

constructed as an 8-storied passive MDU for 

15 households, as shown in Fig. 4. For the 

optimum design and application of zero car-

bon green home element technologies, the 

integrated project delivery (IPD) was adopt-

ed (AIA, IPD: A GUIDE, 2007). The zero 

carbon green home aims at zero CO2 emis-

sion at the stage of using MDU, not during 

the life cycle of the building; and was de-

fined as a building in which the sum of CO2 

emissions at the stage of using a building 

Division Contents Performance
German passive 

house performance 
criterion

External 
insulation 
system

Southern side EIFS (integrated structure-type, cellulose insulation)

0.15 W/ m2･K 0.15 W/ m2･K and 
below

Western side EIFS (ventilation structure)

Eastern side wet system 1(EPS board), wet system 2 (VIP vacuum 
insulated panel) 

Northern side wet system 3 (PUR polyurethane rigid foam)

Window and 
door system

High insulated and airtight window 0.89 W/ m2･K
0.8 W/ m2･K and 

below
Superadiabatic vacuum glazing window 0.83 W/ m2･K
Superadiabatic vacuum glass door (1st floor door) 0.8 W/ m2･K
Superadiabatic vacuum fire door (entrance hall and balcony door) 0.6 W/ m2･K

Shading device External venetian blind (EVB) - -

Equipment 
system

Waste heat recovery ventilator 85% heat recovery 85% heat recovery

Heating, ventilation, lighting control system - -

LED lighting - -

New and 
renewable 

energy supply 
system

Wood pellet boiler 50 kW × 2 units -

Photovoltaic system (rooftop) 36 kW -

Table 3 Major element technologies of the zero carbon green home

Fig. 4. The front view of the zero carbon green 
home validation housing
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and CO2 emissions reduced by producing 

energy through new and renewable energy 

system becomes zero. The energy perform-

ance goals of the zero carbon green home 

are the energy saving of 87% in heating and 

80% in electricity, compared with the exist-

ing MDUs, and zero CO2 emission at the 

stage of building operation, through apply-

ing the passive system and the new and re-

newable energy supply system. The types 

and performance of major element tech-

nologies applied to the zero carbon green 

home validation housing are as shown in 

Table 3.

III. Comparative Analysis of 
Heating Energy Demand 
between General MDU 
and Passive MDU

1. Overview of Simulation

Differences in heating energy consumption 

between general MDU and passive MDU 

are largely due to differences in insulation 

methods, insulation performance, and ven-

tilation methods. While the general MDU 

suffers significant heat loss via thermal 

bridge at the joint between balcony or floor 

and wall because the internal insulation 

method is applied to it, the passive MDU 

prevents the generation of thermal bridge 

fundamentally by applying the outside in-

sulation method. They also show a great dif-

ference in the insulation performance of 

window and wall; the passive MDU is 2-4 

times higher in insulation performance than 

the general MDU. Moreover, as for the ven-

tilation systems of general MDUs, most of 

them are the ordinary air-conditioning sys-

tem that is incapable of heat exchange, and 

heating energy comes to increase as much 

as the amount of incoming ventilation air. 

As for the passive MDU, however, heating 

energy loss caused by ventilation is reduced 

by 80% and above thanks to the application 

of the heat recovery ventilation system. To 

compare heating energy demand given these 

differences in heat insulation and ventilation 

methods, the heating energy demand of the 

general MDU models by year and the pas-

sive MDU model was calculated through 

simulation.

The general MDU models by year are 

classified into four models according to in-

sulation performance in the Standard for 

Energy-saving Design of Building for rele-

vant years; and heating energy-related ele-

ment technologies, such as window, door, 

insulation, ventilation system, and boiler, 

which met their respective insulation stand-

ards, were applied. As for the passive MDU 

model, element technologies actually used 
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in the construction of the zero carbon green 

home were applied. Heating energy demand 

for each model was calculated by using the 

ECO-Home program (Korea Institute of 

Civil Engineering and Building Technology, 

2012). The ECO-Home program is the up-

graded one of a program used from 2001 

for evaluating the energy efficiency rating 

certification of MDUs, and permits the anal-

ysis of passive houses. It is a program for 

calculating the housing energy consumption 

in which the influence of thermal bridge by 

external insulation and internal insulation on 

the existing housing as well as new housing 

is reflected and the influence of ventilation 

system and infiltration is reflected.

As for the plan of the MDU to be eval-

uated, the 6th floor plan, which is equivalent 

to the middle story of the zero carbon green 

home, was applied, as shown in Fig. 5; and 

as for the results calculated from simulation, 

the mean of two households was applied. 

The object building is located in the Central 

Region, and has a full south aspect. As for 

the MDU model applied, its heating area by 

household is 105㎡, the floor area of its 

non-heating space is 14.2㎡, and its floor 

height is 3m, respectively. In the passive 

MDU model, the outside insulation method 

was applied to the common-use corridor, 

which is a non-heating space, as well as 

heating space. The general MDU models 

were set in such a way that the internal in-

sulation method was applied to the same 

plan, and that a wall in contact with outdoor 

air at the common-use corridor, which is a 

non-heating space, was not insulated. In 

both cases, staircases were set to be outside 

spaces where outdoor air circulates.

The area of walls and windows, indoor 

Staircase

Common-use corridor (non-heating)

#602 (heating) #601 (heating)

Fig. 5. Plan of object household (6th floor of zero carbon green home, two households)
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and outdoor setting temperature, and machi-

nery heating value, which are setting con-

ditions common to all the models in simu-

lation, are as shown in Table 4; and in-

sulation performance, ventilation perform-

ance, and system efficiency, which vary ac-

cording to models, are as shown in Table 5.

Division Unit Content Division Unit Content

Exposure 　- Southern

Wall area

Southern m2 29.40

Region 　- Central Northern m2 58.96

Indoor heating setting 
temperature

℃ 20 Eastern/western m2 32.79

Machinery heating value W 326

Heating 
space

Window 
area

Southern exposure m2 19.32

Internal heating value (human 
body)

W 152 Northern exposure m2 4.32

Daily energy demand of 
hot-water supply

Wh/m2d 110
Eastern/western 

exposure
m2 2.10

Lighting load W 210
Door area

Entrance door m2 2.20

Floor height (ceiling height) m 3.0 (2.3) Balcony door m2 1.98

Heating space floor area per 
household

m2 105
Non- 

heating 
space

Window 
area

Northern exposure m2 0.72

Northwestern 
exposure

m2 0.42
Whole non-heating space floor 

area
m2 14.2

Door area Staircase door m2 1.89

Table 4 Simulation setting conditions (common)

Division Unit
General MDU to which the Energy Saving Design by year is applied

Passive MDU
2001 2008 2011 2013

Window/
door 

U-value

Outdoor air 
direct W/m2K 3.84 3.0 2.1 1.5 0.89 (South), 1.0 

(North, east, west)

Outdoor air 
indirect W/m2K 5.47 4.3 2.8 2.2 1.0

Type of frame mm PVC 115 mm PVC 115mm PVC 225mm PVC 225mm PVC 270mm

Type of pane mm
16mm

double-glazed
(5CL+6Air+5CL)

22mm 
double-glazed
(5C+12Air+5CL)

22mm
double low-e 

glazing
(5LE+12Ar+5CL)

+
6mm single 

glazing
(6CL)

22mm
double low-e 

glazing
(5LE+12Ar+

5CL)
+

22mm double 
low-e glazing
(5CL+12Air+

5CL)

22mm
double low-e 

glazing
(5LE+12Ar+5CL) 
+ 39mm triple 
low-e glazing

(6LE+12Ar+3CL
+12Ar+6LE)

SHGC value 0.747 0.748 0.538 0.493 0.358

Type of door Ordinary fire door Insulated fire door

Table 5 Insulation performance and applied system efficiency by simulation model
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2. Heating Energy Demand of General 

MDU by year and Passive MDU

1) Heat loss and solar heat gain

First, among the results of simulation, the 

result of calculating the heat loss, which in-

creases heating energy demand, according to 

the models was analyzed. As shown in 

Table 6 and Table 7, the total heat loss of 

the passive MDU was greatly reduced to 

25-33%, compared with the general MDUs 

by year.

In the general MDU, heat loss from win-

dow was 38-54%, accounting for the great-

est portion of heating energy demand. And 

it was found that the heat loss of the ven-

tilation part relatively increased according 

as the general MDU progressed towards the 

passive MDU, with its reinforced insulation 

performance. While at the general MDU in 

2001 and 2008, heat loss from the skin 

through window and wall accounted for 

more than 70% of the total heat loss, and 

heat loss from ventilation accounted for 

25% and below, the general MDU in 2011 

and 2013 showed that the ratio of heat loss 

Division Unit
General MDU to which the Energy Saving Design by year is applied

Passive MDU
2001 2008 2011 2013

Wall 
U-value

Outdoor air 
direct W/m2K 0.47 0.47 0.36 0.27 0.15

Outdoor air 
indirect W/m2K 0.64 0.64 0.49 0.37 0.39

Wall insulation method Internal 
insulation

Internal 
insulation

Internal 
insulation

Internal 
insulation Outside insulation

Type of insulation Extrusion #1, density 30kg/m3, U-value 0.028 Diverse insulation 
applied (see Table 3) 

Insulation thickness mm 65 65 85 120 115~225

Type of ventilation 
system

　 Air-supply and exhaust ventilation system Heat recovery 
ventilation system

Total ventilation time
(including infiltration)

time/h 0.5 0.5 0.5 0.5 0.5 

Number of household 
vertical ducts

unit 3 3 3 3 3

Infiltration rate 
(@50 Pa)

time/h 3 2 1.7 1.5 0.8

Ventilation rate for 
ventilation load

time/h 0.5 0.5 0.5 0.5 0.248

Waste heat recovery 
system efficiency

% - - - - 75

Type of boiler 　 Individual gas boiler Pallet boiler

Boiler efficiency % 80 80 87 87 87

Table 5 Insulation performance and applied system efficiency by simulation model (Cont.)
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Division Heating space Non-heating space

2001 Standard
General MDU

환기
창호
문 및 기타
벽체
지붕
바닥

54%

22%

20%

4%
Ventilation
Window
Door and other
Wall
Roof
Floor

환기
창호
문 및 기타
벽체
지붕
바닥

53%
12%

19%

16%

Ventilation
Window
Door and other
Wall
Roof
Floor

2008 Standard
General MDU

환기
창호
문 및 기타
벽체
지붕
바닥

49%

25%

23%

3%

Ventilation
Window
Door and other
Wall
Roof
Floor

환기
창호
문 및 기타
벽체
지붕
바닥

55%12%

20%

13%

Ventilation
Window
Door and other
Wall
Roof
Floor

2011 Standard
General MDU

환기
창호
문 및 기타
벽체
지붕
바닥

43%

32%

22%

3%

Ventilation
Window
Door and other
Wall
Roof
Floor

환기
창호
문 및 기타
벽체
지붕
바닥

60%
9%

22%

10%

Ventilation
Window
Door and other
Wall
Roof
Floor

2013 Standard
General MDU

환기
창호
문 및 기타
벽체
지붕
바닥

38%

39%

21%

2%

Ventilation

Window

Door and other

Wall

Roof

Floor

환기
창호
문 및 기타
벽체
지붕
바닥

60%
9%

22%

10%

Ventilation
Window
Door and other
Wall
Roof
Floor

Passive MDU

환기
창호
문 및 기타
벽체
지붕
바닥

42%

35%

21%

2%

Ventilation
Window
Door and other
Wall
Roof
Floor

환기
창호
문 및 기타
벽체
지붕
바닥

45%

21%

17%

17%

Ventilation
Window
Door and other
Wall
Roof
Floor

Table 6 Heat loss by category for unit household of general MDU by year and passive MDU
(based on unit household) 
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from skin accounted for about 60%, which 

is similar to that in the passive MDU, and 

that the ratio of ventilation heat loss ex-

ceeded 30%. Analysis shows that this was 

because the standard for the insulation of 

skin was greatly reinforced from the 2011 

Standard for Energy-saving Design for 

Building. The insulation standard for win-

dow in contact with outdoor air was 3.84 

W/m2K in 2001 and 3.0 W/m2K in 2008, 

but was abruptly raised to 2.1 W/m2K in 

2011 and 1.5 W/m2K in 2013. That for wall 

was also raised to the similar level. And 

thus, the general MDU was analyzed as 

showing heat loss distribution similar to the 

passive MDU.

Therefore, the efficiency of the heat re-

covery ventilation system needs to be im-

proved in the future to further reduce heat 

loss from the ventilation part in the general 

MDU and the passive MDU. And energy 

saving and occupant’s comfort need to be 

enhanced by applying a silencer to the ven-

tilation duct and a pre-heater to the outdoor 

air intake part of the total heat exchanger 

without fail in order to solve the problem 

that users avoid using the ventilation system 

due to its noise and low supply air temperature.

Next, the result of calculating the solar 

heat gain that reduces heating energy de-

mand is as shown in Table 8. The solar heat 

gain gradually decreases according to prog-

ress from the general MDU by year to the 

passive MDU. This is because the solar heat 

gain coefficient (SHGC) decreased due to 

coating and the increase in the number of 

Division Unit

General MDU to which the Standard for Energy-saving Design 
by year is applied Passive MDU

2001 2008 2011 2013

Skin heat 
loss

Heating space W/K 150.161 127.128 93.915 70.48 36.262

Non-heating space W/K 52.05 49.65 42.367 42.367 3.656

Total W/K 202.211 176.778 136.282 112.847 39.918

Ventilation 
heat loss

Heating space W/K 39.927 39.927 39.927 39.927 19.764

Non-heating space W/K 11.88 11.88 11.88 11.88 2.97

Total W/K 51.807 51.807 51.807 51.807 22.734

Total heat 
loss

Heating space W/K 190.088 166.976 133.842 110.407 56.026

Non-heating space W/K 63.93 61.53 54.247 54.247 6.626

Total W/K 254.018 228.506 188.089 164.654 62.652

Total 
specific 

heat loss 
coefficient

Heating space W/m2K 1.81 1.59 1.275 1.275 0.534

Non-heating space W/m2K 8.879 8.546 7.534 7.534 0.92

Table 7 Heat loss of general MDU model by year and passive MDU model (based on unit household)
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window panes according to the enhance-

ment of the insulation standard. Particularly, 

in the case of the passive MDU, the evalua-

tion showed that the solar gain decreased 

sharply due to the application of quintuple 

glazing. The solar heat gain of the passive 

MDU shows low values, 45-69% of the gen-

eral MDU by year.

2) Annual heating energy demand

The results of calculating the heating en-

ergy demand of the passive MDU model 

and the general MDU model by year in the 

simulation are as shown in Table 9 and Fig. 

6. As a result of comparatively analyzing 

the annual heating energy demand of the 

general MDU by year and the passive MDU, 

it was found that the annual heating energy 

demand of the passive MDU was 17-36% 

of that of the general MDU by year, sharply 

decreasing compared with the general MDU. 

As a result of examining the heating en-

ergy demand of the general MDU, which 

acts as the criterion for economic evalua-

tion, it was found that it changed greatly, 

with the 2011 model being as the starting 

point. As shown in Fig. 6, there was no great 

difference between the 2001 general MDU 

model and the 2008 general MDU model; 

with the progress towards 2011 and 2013, 

however, the models showed the heating en-

ergy demand similar to that of the passive 

MDU, compared with the other models, due 

to the abruptly raised insulation standard, 

and thus were evaluated as being improper 

to represent the general MDU. Therefore, it 

was judged that it is suitable to apply the 

2001 model and the 2008 model as the 

Division Unit

General MDU according to the standard for 
energy-efficient design Passive 

MDU
2001 2008 2011 2013

Annual heating energy demand per unit area kWh/m2 ･ year 157.6 132.0 94.0 71.8 26.5

Annual heating energy demand per household kWh/household･ year 16,553 13,861 9,865 7,543 2,779

Table 9 Comparison of annual heating energy demand between the general MDU and the passive MDU

Division Unit

General MDU to which the Standard for the Energy-saving 
Design of Building by year was applied Passive MDU

2001 2008 2011 2013

Solar heat gain by heating space W 347.473 354.626 236.317 220.797 157.705

Solar heat gain by non-heating 
space

W 7.364 7.364 7.364 7.364 4.050

Total solar heat gain W 354.837 361.990 243.681 228.161 161.755

Table 8 Solar heat gain of the general MDU and the passive MDU (based on unit household)
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standard models of the general MDU in eco-

nomic evaluation.

IV. Analysis on the Economic 
Feasibility of Passive 
MDU

1. Overview of Economic Feasibility 

Analysis

For the analysis of the economic feasi-

bility of passive MDU, the saved amount 

of heating cost in the passive MDU was cal-

culated by calculating the heating costs of 

the general MDU by year and of the passive 

MDU, based on the heating energy demand 

calculated in the above simulation. In addi-

tion, the increased amount of construction 

cost for the passive MDU was calculated in 

comparison with the general MDU by calcu-

lating the construction cost of applied ele-

ment technologies by model. Here, in the 

calculation of construction cost by model, 

the construction costs of framework, elec-

tricity and equipment system, which are ap-

plied in common to all the models, were 

excluded. As for the construction costs of 

the general MDU by year, the construction 

costs of windows and the insulation system 

that satisfied relevant insulation standards 

were calculated on the basis of price data 

(Korea Price Research Center, 2014). As for 

the construction cost of the passive MDU, 
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Fig. 6. Comparison of annual heating energy demand between the general MDU by year and 
the passive MDU
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it was calculated on the basis of the unit 

prices of element technologies that were ac-

tually applied to the construction of the zero 

carbon green home validation house in 

2012(Zero Carbon Green Home As-built 

Document, 2012).

Finally, the standard of the general MDU 

model, which acts as the criterion, was sug-

gested through the analysis of economic fea-

sibility based on the general MDU model 

by year and the bid price rate; and the opti-

mum construction cost levels of core ele-

ment technologies for the dissemination of 

the passive MDU were suggested.

2. The Annual Heating Cost and 

Construction Cost of the General 

MDU and the Passive MDU

1) Annual heating cost

The annual heating energy demand per 

unit area and the heating cost per household 

calculated in the simulation for the general 

MDU by year and the passive MDU are as 

follows: In the case of the general MDU, 

in which a gas boiler was installed, the heat-

ing cost per household was calculated on the 

basis of city gas unit price in November 

2014, as shown in Table 10. In the case of 

the MDU based on the 2001 Standard for 

Division Unit Passive MDU

Annual heating energy demand (per unit area) kWh/m2･year 26.46

Annual heating energy demand (per household) kWh/household･year 2,779

Unit conversion Mcal/household･year 2,389

Unit price per pallet heating value KRW/Mcal 98

Annual heating cost (per household) KRW 1,000/household･year 234

Table 11 The annual heating energy demand and heating cost of the passive MDU

Division Unit

General MDU to which the Standard for 
Energy-saving Design by year was applied

2001 2008 2011 2013

Annual heating energy demand (per unit area) kWh/m2･year 157.65 132.01 93.95 71.84 

Annual heating energy demand (per household) kWh/household･year 16,553 13,861 9,865 7,543 

Unit conversion MJ/household･year 59,590 49,900 35,512 27,155 

Unit price per gas heating value KRW/MJ 23 23 23 23 

Annual heating cost (per household) KRW 1,000/household･year 1,515  1,269 903 691  

Table 10 The annual heating energy demand and heating cost of the general MDU
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Energy-saving Design, the annual heating 

cost was KRW 1,515 thousand, and the an-

nual heating cost for the MDU of the 2008 

Standard was calculated at KRW 1,269 

thousand, that for the MDU of the 2011 

Standard at KRW 903 thousand, and that 

for the MDU of the 2013 Standard at KRW 

691 thousand, respectively. As shown in 

Table 11, the passive MDU uses wood pal-

lets, which fall under the new and renewable 

energy, and thus its annual heating cost per 

unit household calculated by applying the 

unit price per heating value of pellet is 

KRW 234 thousand. As shown in Table 12, 

the annual heating cost of the passive MDU 

is 15-34% of that of the general MDU by 

year, which shows a sharp decrease com-

pared with the general MDU.

2) Construction cost

The results of calculating the construction 

costs of element technologies related to the 

general MDU by year and the passive MDU 

are as shown in Table 13. As for the con-

struction cost of the general MDU, costs for 

constructing windows, the outside insulation, 

the ventilation system and a gas boiler, 

which satisfied insulation performance cri-

teria by year, were added up on the basis 

of price data (Korea Price Research Center, 

2014). As for the construction cost of the 

passive MDU, additional costs related to the 

thermal bridge breaker system and air-tight-

ness construction as well as the costs of win-

dows, the outside insulation, the ventilation 

system and the pellet boiler were summed 

up based on the estimate of the zero carbon 

green home validation house. It can be seen 

that construction costs for the relevant ele-

ment technologies of the passive MDU in-

crease greatly to the 170-230% level of the 

general MDU by year.

As shown in Table 14, as for the share 

of window construction among the con-

struction costs of element technologies re-

lated to passive construction, it was found 

that while it accounted for 30% in the case 

of the 2001 and 2008 general MDU models, 

it accounted for more than 40% in the case 

of the 2011 and 2013 general MDU models 

and the passive MDU model. As for the 

share of wall insulation construction, how-

Division Unit

General MDU to which the Standard for Energy-saving 
Design by year was applied Passive MDU

2001 2008 2011 2013

Annual heating cost KRW 1000/household 1,515  1,269 903 691  234

Table 12 Annual heating cost per household for the general MDU and the passive MDU
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Division Unit

General MDU to which the Standard for Energy-saving Design by 
year was applied Passive MDU

2001 2008 2011 2013

Type of frame mm PVC 115mm PVC 115mm PVC 225mm PVC 225mm PVC 270mm

Type of pane mm
16mm 

double-glazed
(5CL+6Air+5CL)

22mm 
double-glazed

(5C+12Air+5CL)

22mm double 
low-e glazing

(5LE+12Ar+5CL)
+ 

6mm single 
glazing (6CL)

22mm double 
low-e glazing

(5LE+12Ar+5CL)
+22mm 

double-glazed
(5CL+12Air+5CL)

22mm double low-e 
glazing

(5LE+12Ar+5CL) + 
39mm triple low-e 

glazing
(6LE+12Ar+3CL+12Ar

+6LE)

Window 
construction cost

KRW 
1000/hou

sehold
6,274 6,613 11,080 12,044 19,317

Air-tight tape 
construction cost

KRW 
1000/hou

sehold
- - - - 901 

Type of door Ordinary fire door Insulated fire door

Door construction 
cost

KRW 
1000/hou

sehold
3,003  3,003 3,003 3,003 4,125 

Type of wall 
insulation

Internal 
insulation

Internal 
insulation

Internal 
insulation

Internal insulation Outside insulation

Type of insulation Extrusion #1, density 30kg/m3, U-value 0.028
Diverse insulation 

applied (see Table 2)

Insulation 
thickness

mm 65 65 85 120 115~225

Wall insulation 
construction cost

KRW 
1000/hou

sehold
9,436 9,436 9,723 10,225 17,4341) 

Balcony thermal 
bridge breaker 

system 
construction cost

KRW 
1000/hou

sehold
- - - - 1,166

Type of ventilation 
system

　 Air-supply and exhaust ventilation system
Heat recovery 

ventilation system

Ventilation system 
construction cost2)

KRW 
1000/hou

sehold
522 522 522 522 1,028

Type of boiler 　 Individual gas boiler Pallet boiler

Boiler construction 
cost

KRW 
1000/hou

sehold
791 791 791 791 1,487 

Total 
(design cost)

KRW 
1000/hou

sehold
20,028 20,367 25,120 26,586  45,460 

Note 1: In calculating the construction cost of external insulation system for the passive MDU, cost for installing steel pipe 
scaffolding is also included unlike the internal insulation system construction.

Note 2: When calculating the ventilation construction cost, the duct construction cost, which is applied in common, is excluded.

Table 13 The construction cost of insulation performance and applied element technologies by simulation 
model
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ever, it was found that while it accounted 

for 45% and above in the case of the 2001 

and 2008 general MDU models, it ac-

counted for 40% and below in the case of 

the 2011 and 2013 general MDU models 

and the passive MDU model.

As was the case in the heating cost, it was 

found that among the general MDU models 

by year, the 2001 model and the 2008 model 

showed similar distribution to each other, 

while the 2011 and 2013 general MDU 

models showed construction cost distribution 

similar to that of the passive MDU. In addi-

tion, in most cases, among the construction 

costs of element technologies related to pas-

sive construction, the costs of window con-

struction and wall construction  account for 

more than 80% of the whole cost; and thus 

it can be inferred that for securing the eco-

nomic feasibility of passive MDU, it is es-

General 
MDU by 

year

2001 Standard 2008 Standard

4%

31%

0%

0%

15%

47%

2%

창호

문

벽체 단열

환기시스템

보일러

Window

Door

Wall insulation

Ventilation system

Boiler

창호

문

벽체 단열

환기시스템

보일러

4%

32%

0%

0%

15%

46%

2%

Window

Door

Wall insulation

Ventilation system

Boiler

2011 Standard 2013 Standard

3%

44%

0%

0%

12%

39%

2%

창호

문

벽체 단열

환기시스템

보일러

Window

Door

Wall insulation

Ventilation system

Boiler

3%

45%

0%

0%

11%

38%

2%

창호

문

벽체 단열

환기시스템

보일러

Window

Door

Wall insulation

Ventilation system

Boiler

Passive 
MDU

창호

기밀테이프

문

벽체단열

발코니 열교차단

시스템

3%
3%

42%

2%9%

38%

2%

Window

Air-tight tape

Door

Wall insulation

Balcony thermal bridge breaker system

Table 14 Distribution of construction costs by the element technology of the general MDU by year and the
passive MDU
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sential to enhance price competitiveness by 

developing high-efficiency and high air- 

tightness low-cost windows and outside in-

sulation system.

3. Analysis on the Economic Feasibility 

of Passive MDU

The factors that influence the economic 

evaluation of the passive MDU are the 

saved amount of heating cost and the in-

creased amount of construction cost for the 

passive MDU in comparison with the gen-

eral MDU. Here, the construction cost rang-

es from design cost to successful bid price, 

and was evaluated in consideration of the 

bid price rate that influences it. Thus, for 

the analysis of economic feasibility, the con-

struction cost was calculated with design 

cost, given the general qualification rate of 

87.745 % and the bottom bid price rate of 

70%.

First, the results of analyzing the econom-

ic feasibility of the passive MDU on a de-

sign cost basis, according to the general 

MDU models by year and the bid price rate 

are as shown in Table 15. It was found that 

the payback period varies according to the 

general MDU models and the bid price rate, 

ranging from minimum 13.9 years to max-

imum 41.3 years. In Chapter 3 above, it was 

judged that the 2001 and 2008 Standards for 

Energy-saving Design are proper as the 

standards for the insulation performance of 

the general MDU model, which acts as the 

criterion. And as a result of calculating the 

Division Unit

General MDU to which the Standard for Energy-saving 
Design by year is applied

2001 2008 2011 2013

Annual saved amount of heating cost (A) KRW1000 1,282 1,035 670 457

Increased amount of construction cost in case of 
applying the design cost (B1) 

KRW1000 25,432  25,093 20,340 18,874 

Increased amount of construction cost in case of 
applying the general qualification rate (B2) 

KRW1000 22,315 22,018 17,847 16,561

Increased amount of construction cost in case of 
applying the bottom bid price rate (B3) 

KRW1000 17,802 17,565 14,238 13,212 

PB in case of applying the design cost (C1 = B1/A) year 19.8 24.2 30.4 41.3 

PB in case of applying the general bid price rate 
(87.745%) (C2 = B2/A)

year 17.4 21.3 26.6 36.2

PB in case of applying the bottom bid price rate (70%) 
(C3= B3/A)

year 13.9 17.0 21.3 28.9 

Table 15 Results of calculating the economic feasibility of the passive MDU according to the general MDU 
by year and the bid price rate
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payback period on the basis of the relevant 

models, it is found that in case of applying 

the general qualification rate, the payback 

period is 17.4 years and 21.3 years, re-

spectively, and that in case of applying the 

bottom bid price rate, the payback period 

is 13.9 years and 17.0 years, respectively. 

These results of analysis are attributed to 

the fact that the building construction mar-

ket at the level of passive MDU has not yet 

been formed. And it is deemed that at a time 

when the passive MDU is disseminated pop-

ularly, the payback period will become 

shorter than the present level, for the price 

competitiveness of related element tech-

nologies will be achieved then.

4. Trends of Heating Energy Cost and 

Construction Cost for General MDU 

and Passive MDU

In 2009, the government announced a 

road map for greenhouse gas emission re-

duction that  requires all new houses to com-

ply with the standards of passive house from 

2017. Assuming that the passive MDU 

would be applied in 2017, this study ana-

lyzed the trends of the annual heating en-

ergy cost and the construction cost for the 

general MDU by year and the passive MDU.

As shown in Fig. 7, as for the annual heat-

ing cost, it is shown that the heating cost 

decreases gradually from the general MDUs 

to the passive MDU owing to enhanced in-
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sulation standards. As for the construction 

cost of relevant element technologies, how-

ever, it is shown that in the case of the gen-

eral MDU models, it increases at similar 

levels according as insulation standards by 

year are enhanced, while in the case of the 

passive MDU, it rises steeply. The analysis 

shows that such a rise in the construction 

cost of the passive MDU is attributed to the 

fact that high air-tightness & high insulation 

windows and doors, the outside insulation 

system, and the pallet boiler are priced high 

because they are not yet supplied amply in 

the market.

Thus, for the vitalization of passive house 

dissemination, it is necessary to create the 

building construction market of improved 

price competitiveness for performance, with 

respective to high-performance windows 

and the outside insulation system. For this, 

it is necessary to disseminate low-cost prod-

ucts by investing in technology development 

related to windows, the outside insulation 

system, and air tightness. On the other hand, 

to achieve the target for passive house per-

formance and vitalize the dissemination of 

passive houses by 2017 according to the 

road map of the government, it is necessary 

to review the road map and prepare direct 

and indirect support methods through de-

tailed stepwise investigation so that the pas-

sive MDU may be established successfully, 

rather than strengthening the standards of in-

sulation performance abruptly.

V. Conclusion

This study intended to prepare data for 

reliable economic evaluation, aiming at in-

vigorating the dissemination of the passive 

MDU. The results of analyzing and compar-

ing the general MDU models, to which the 

Standards for Energy-saving Design by year 

since 2001 were applied, and the green 

home model, which is the passive MDU, 

with respect to heating energy consumption 

and economic feasibility, are as follows: 

First, as a result of calculating the annual 

heating energy demand for the general 

MDU by year and the passive MDU, it was 

found that the annual heating energy de-

mand of the passive MDU was 17-36% of 

the general MDU, showing a great decrease 

in the heating energy demand.

Second, as for the general MDU, heat loss 

from windows was 38-54%, accounting for 

the greatest portion among its heating en-

ergy demand. And as progress was made to-

wards the passive MD, insulation was re-

inforced, and ventilation heat loss increased 

relatively. Therefore, it is estimated that in 

the future, it will be necessary to prepare 

alternatives that can reduce heat loss from 
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the ventilation part of the passive MDU.

Third, it is estimated that the general 

MDU models to which the Standards for 

Energy-saving Design in 2001 and 2008 

were applied reflect well the characteristics 

of general MDUs, and are suitable as the 

model of general MDU, which acts as the 

criterion for economic evaluation,

Fourth, among construction cost related to 

passive construction, the cost of window 

and wall insulation construction accounted 

for more than 80% of the total cost. And 

thus it is necessary to enhance their price 

competitiveness in order to secure the eco-

nomic feasibility of passive MDU, by devel-

oping low-cost high-efficiency and high 

air-tightness windows and outside insulation 

system.

Fifth, as a result of analyzing the econom-

ic feasibility of passive MDU in comparison 

with general MDU models, it was found that 

in case of applying the general qualification 

rate, the payback period is 17.4 years and 

21.3 years, respectively, and that in case of 

applying the bottom bid price rate, the pay-

back period is 13.9 years and 17.0 years, 

respectively.

The reason for the current high level of 

passive MDU construction cost is that high 

air-tightness & high insulation windows and 

the outside insulation system, which account 

for the greatest parts of passive MDU con-

struction cost, are still at a developmental 

stage, and maintain high prices. If the mar-

ket of price-competitive high air-tightness & 

high insulation windows and outside in-

sulation system is formed in the future, it 

is forecast that passive MDUs with a pay-

back period of around 10 years will be 

disseminated. This study carried out inves-

tigation on methods for economic evalua-

tion, focusing on the heating energy part of 

the passive MDU for unit household. In the 

future, it is necessary to perform the eco-

nomic evaluation of passive construction 

work-related parts in terms of the concept 

of MDU complex. In addition, the total en-

ergy consumed by a residential building in-

cludes cooling and electric energy as well 

as heating energy; therefore, new and re-

newable energy electricity supply system 

such as photovoltaic system should ulti-

mately be included in the economic evaluation. 

As a follow-up study in connection with 

this, it is necessary to carry out a study on 

methods for the economic evaluation of pas-

sive MDU complex, including cases in 

which the renewable energy system such as 

photovoltaics is installed.
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