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왜 건물에너지인가? 건물에서 쓰이는 에너지

건물의 세계 에너지 소비: 전체의 40%

 7 

1 Introduction 

1.1 The rationale for energy efficiency in building codes 

The use of energy in buildings accounts for a large share of the total end use of energy.  

In sectors such as residential and the commercial sector the major part of the energy 
consumption takes place buildings. This includes energy used for controlling the climate in 
buildings and for the buildings themselves, but also energy used for appliances, lighting and 
other installed equipment. 

In other sectors a small part of the energy consumption is similar used for similar purposes 
in relation to the buildings. This is for instance the case for some buildings in the industry 
used for administration or some buildings agriculture or forestry. 

Figure 1.  Energy consumption in different sectors. 

 

According to the IEA statistics for energy balance for 2004-2005,( 2007 edition), the 
total final energy use globally accounts for 7209 Mtoe (Mega Tonnes Oil 
Equivalents).The residential and commercial sectors account for respectively 1951 
Mtoe and 638 Mtoe, which is almost 40 % of the final energy use in the World1. The 
major part of this consumption is in buildings. 

The energy efficiency of new buildings determines the building sector’s energy 
consumption for far longer than other end-use sectors components determine their sector’s 
efficiency. Buildings will typically be constructed to be used for many decades and, in some 
cases, for more than a hundred years. In other energy end uses, the capital lifetime for 
efficiency improvement will be, at most, a few decades.  

Improvement of buildings’ efficiency at planning stage is relatively simple while 

improvements after their initial construction are much more difficult: decisions made 

during a building’s project phase will hence determine consumption over much, if not all, 

of a building’s lifetime. Some measures to improve efficiency are possible only during 

construction or by major refurbishment, likely to happen only after several decades. Other 

                                                 
1 The end use of energy alone in the residential and the commercial sector is equivalent to 108.4 Ej (exajoules). 
1 single exajoule equals 1000 Pj (petajoules) or 1018 joules.  

출처: Laustsen (2008)
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왜 건물에너지인가? 건물에서 쓰이는 에너지

건물 에너지의 쓰임: 난방, 가전제품, 온수, 조명, 요리
난방이 50% 이상
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Figure 2.  Energy use in residential buildings. 

   

Source: 30 Years of Energy Use in IEA countries. A large part of the energy 
consumption in residential buildings are used for direct building related use such as 
space heating, which accounts for more than 50 % in selected IEA Countries.   

These differences in the use of energy in different countries can best be illustrated by a 
subdivision of energy consumption in residential buildings, which is the most homogenous 
type of buildings. 

Figure 3.  Subdivision of energy consumption in residential buildings in select 
IEA countries. 
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Source: 30 Years of Energy Use in IEA countries2. As illustrated, the use of energy is 
different in individual countries both in concern of level as in the subdivision. The 
graph also shows issues on comparison and normalisation, which will be targeted 
later in this paper.  

                                                 
2 The different indicators set by the Energy Use in the new Millennium in IEA Countries are currently being re-
examined in the context of an ongoing IEA indicator study.  The consumption in buildings is highly dependent on 
price levels and local traditions and some of these are further discussed in the study.  

출처: Laustsen (2008)
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왜 건물에너지인가? 건물에서 쓰이는 에너지

나라별 비교
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Figure 2.  Energy use in residential buildings. 

   

Source: 30 Years of Energy Use in IEA countries. A large part of the energy 
consumption in residential buildings are used for direct building related use such as 
space heating, which accounts for more than 50 % in selected IEA Countries.   

These differences in the use of energy in different countries can best be illustrated by a 
subdivision of energy consumption in residential buildings, which is the most homogenous 
type of buildings. 

Figure 3.  Subdivision of energy consumption in residential buildings in select 
IEA countries. 
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Source: 30 Years of Energy Use in IEA countries2. As illustrated, the use of energy is 
different in individual countries both in concern of level as in the subdivision. The 
graph also shows issues on comparison and normalisation, which will be targeted 
later in this paper.  

                                                 
2 The different indicators set by the Energy Use in the new Millennium in IEA Countries are currently being re-
examined in the context of an ongoing IEA indicator study.  The consumption in buildings is highly dependent on 
price levels and local traditions and some of these are further discussed in the study.  

출처: Laustsen (2008)
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왜 건물에너지인가? 건물에서 쓰이는 에너지

건물의 세계 온실가스 배출: 전체의 25%
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Figure :  Carbon dioxide emissions from building, 2004 

Sources: IEA, 2006e and Price et al. 2006.
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왜 건물에너지인가? 건물에서 쓰이는 에너지

한국 최종에너지 소비

·
2%

21%

·
21%

56%

출처: 에너지경제연구원 통계
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왜 건물에너지인가? 건물에서 쓰이는 에너지

건물에서 쓰이는 에너지
미국의 상업용·주거용 건물
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U.S. commercial building energy
use 2005
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U.S. residential building energy
use 2005

출처: IPCC FAR
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왜 건물에너지인가? 건물에서 쓰이는 에너지

건물에서 쓰이는 에너지
중국의 상업용·주거용 건물
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출처: IPCC FAR
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왜 건물에너지인가? 비용의 벽 헤쳐나가기

한계효용 체감의 법칙
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an integral part of its surrounding cooling system, nor an optimal cool-
ing system without integration into the building around it, nor an opti-
mal building without integration into its site, neighborhood, climate,
and culture. The greater the degree to which the components of a sys-
tem are optimized together, the more the trade-offs and compromises
that seem inevitable at the individual component level becomes unnec-
essary. These processes create synergies and felicities for the entire sys-
tem. And this in turn exposes a core economic assumption as a myth.

TUNNELING THROUGH THE COST BARRIER

Economic dogma holds that the more of a resource you save, the more
you will have to pay for each increment of saving. That may be true if
each increment is achieved in the same way as the last. However, if
done well, saving a large amount of energy or resources often costs less
than saving a small amount.4 This assertion sounds impossible, and
indeed, most economic theorists can “prove” it won’t work. Blissfully
unaware of economic theory, however, intelligent engineers put it into
practice every working day as part of an approach called whole-system
engineering.

If you build a house, you’ll be told that thicker insulation, better
windows, and more efficient appliances all cost more than the normal,
less efficient versions. If you build a car, you’ll be told that lighter mate-
rials and more efficient propulsion systems are more expensive options.
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출처: Hawken et al. (1999)
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왜 건물에너지인가? 비용의 벽 헤쳐나가기

비용의 벽 헤쳐나가기
‘Tunneling Through the Cost Barrier’
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These statements are often true — but at the level of single compo-
nents considered in isolation. On the cost-versus-savings graph shown
on page , as you save more energy (that is, as you move from the
lower left end of the curve toward the right), the cost of saving the next
unit of energy initially rises more and more steeply. This is called
“diminishing returns.” When you’ve struggled up to the limit of cost-
effectiveness, you should stop additional outlays of money, because
they’re no longer justified by their results. This part of the curve illus-
trates the common principle that better usually costs more, a principle
that has taken a death grip on our consciousness.

Actual engineering practice, however, presents a different possibility.
Only recently noticed is an additional part of the curve further to the
right (see the graph below): There, saving even more energy can often
“tunnel through the cost barrier,” making the cost come down and the
return on investment go up. When intelligent engineering and design are
brought into play, big savings often cost even less up front than small or
zero savings. Thick enough insulation and good enough windows can
eliminate the need for a furnace, which represents an investment of more
capital than those efficiency measures cost. Better appliances help elimi-
nate the cooling system, too, saving even more capital cost. Similarly, a
lighter, more aerodynamic car and a more efficient drive system work
together to launch a spiral of decreasing weight, complexity, and cost.
The only moderately more efficient house and car do cost more to build,
but when designed as whole systems, the superefficient house and car can
often cost less than the original, unimproved versions.
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출처: Hawken et al. (1999)
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왜 건물에너지인가? 비용의 벽 헤쳐나가기

네거티브 CO2 한계비용
proportional to total GHG emissions from the regions, but there are significant
variations relative to GDP and population.

Reducing GHG emissions would require capital spending increases and a change in
investment patterns relative to the government reference case. For example, the
incremental capital costs associated with capturing the 3.0 gigatons of abatement in our
mid-range case would average approximately $50 billion annually through 2030.
Cumulative net new investment through 2030 would be $1.1 trillion, or roughly 1.5
percent of the $77 trillion in real investment the U.S. economy is expected to make over
this period.  This number would be higher if our projected savings from energy efficiency
gains do not materialize and/or if the nation chooses to achieve emissions reductions by
mandating higher-cost options.  These incremental investments would be highly
concentrated in the power and transportation sectors; if pursued, they would likely put
upward pressure on electricity prices and vehicle costs.  Policymakers and legislators
would need to weigh these added costs against the energy efficiency savings,
opportunities for technological advances, and other societal benefits.

xiii

Abatement 
cost <$50/ton

U.S. MID-RANGE ABATEMENT CURVE – 2030
Exhibit B

Source: McKinsey analysis
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패시브하우스의 이해 열 손실의 이해

열 손실의 이해
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패시브하우스의 이해 열 손실의 이해

단열의 효과
단창 vs 이중창(low-e, 아르곤 주입)
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패시브하우스의 이해 패시브하우스의 원리

패시브하우스의 개념

허진혁 (에너지전환) 에너지전환 연속강좌4 2008년 12월 8일 19 / 44



패시브하우스의 이해 패시브하우스의 원리

패시브하우스의 에너지 절감

허진혁 (에너지전환) 에너지전환 연속강좌4 2008년 12월 8일 20 / 44



패시브하우스의 이해 패시브하우스의 원리

패시브하우스의 비용

 67 

regulation with 50 kWh/m², when the costs are seen over lifetime (30 years). Over time 
there are no additional costs for the owners or users of passive houses. 

Figure 19.  The total for improved efficiency in a Passive House. 

 

When additional costs and savings in by improved efficiency in buildings are added, 
the costs will show a drop by 15 kWh/m² per year. The total costs for a building 
over lifetime for a passive house will hence be cheaper in a passive house (15 
kWh/m² per year) compared to a house build according to a building regulation 
which require 50 kWh/m² per year.118 

Similar principles can be used in hot and heating based climates. In this case shading and 
orientation of building and windows and passive cooling techniques are essential. The 
points for reduction of costs in passive cooling buildings are different and more dependent 
on the local conditions and there is no similar specific standard as for the passive heating 
buildings (Passive Houses). 

Definition 

To be a passive house a building must fulfil different conditions:119 

 The building must not use 15 kWh/m²/a or less (≤) in heating energy120.  

 The specific heat load for heating source at design temperature must be less than 10 
W/m².  

 With the building pressurised to 50Pa by a blower door, the building must not leak more 
air than 0.6 times the house volume per hour (n50 ≤ 0.6/h).  

 Total primary energy consumption (primary energy for heating, hot water and 
electricity) must not be more than 120 kWh/(m²a).121  

The passive house standard was defined in 1988 122 and the first passive house was built in 
Darmstadt in Germany in 1990. 

                                                 
118 Based on costs are based on an oil price around 60 USD per barrel. With higher oil price the savings are 
substantial higher and the benefits from the passive house is larger.  
119 These are set and controlled by the passive house institute in Darmstadt. The values are particular adopted 
for the central European countries. 
120 The maximum value for heating on 15 kWh/m² per is equivalent to 4.8 Btu/ft² per yr. 
121 The maximum energy consumption on 120 kWh/m² per is equivalent to 38.0 Btu/ft² per yr. 
122  The passive house standard was defined by Dr. Wolfgang Feist from Institute für Wohnen un Umwelt 
Darmstadt and Professor Bo Adamson from Lund University of Sweden. 

출처: Laustsen (2008)
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패시브하우스의 이해 패시브하우스의 정의

패시브하우스의 정의

“실내에서 순환하는 공기를 계속 재사용하지 않고 외부에서
집안으로 공급되는 공기에 대한 후속난방(post-heating)이나
후속냉방(post-cooling)을 통해서만 실내의 쾌적성을 성취할 수
있는 건축물”

연간 난방에너지 소비 ≤ 15 kWh/m2

최대 난방에너지 부하 ≤ 10W/m2

30 m3/h·Person× 0.33 Wh/m3·K× 30 K
30 m2/Person

= 10 W/m2

기밀성: n50 ≤ 0.6 /h
연간 총 1차에너지 소비 (냉·난방, 온수, 전력) ≤ 120 kWh/m2

이하
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패시브하우스의 이해 패시브하우스의 구성

패시브하우스의 구성

패시브한 태양에너지 이용

철저한 단열: 벽, 지붕, 바닥의 U값 0.10 ∼ 0.15 W/m2K
열교의 최소화: 열교 없음 기준 (≤ 0.01 W/mK)
고기능 창호: U값 0.70 ∼ 0.85 W/m2K
높은 기밀성 확보

열회수 환기 장치 (Heat Recovery Ventilation)
고효율 냉난방 장치
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패시브하우스의 이해 패시브하우스의 구성

패시브한 태양에너지 이용
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패시브하우스의 이해 패시브하우스의 구성

철저한 단열과 열교의 제거

스트로베일(압축 볏집): 50 cm
보통 단열재: 30 cm
폴리우레탄 폼: 20 cm
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높은 기밀성
Blower Door Test

n50 :
Blower Door를 이용하여 건물
안의 기압을 50Pa 낮추었을때,
건물의 틈새로 들어오는 공기로

인한 시간당 건물안 공기 교체율
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열회수 환기장치와 실내공기질 열회수 환기장치(HRV)

열회수 환기장치의 원리

1/30/08 pg 6 HRV, Tracer Background

HEAT EXCHANGER EFFECTIVENESS (BALANCED FLOWS):

A simple model of a heat exchanger is diagrammed in Figure 3.
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Figure 3.  A simple heat exchanger

Equating heat gained with heat lost,

˙ m i  c (Ts - Ti) = ˙ m e c (Tr - Te) (13)        

 where ˙ m i    is the air mass flow rate coming into the room, ˙ m e  is the flow rate exhausted
from the room, and c is the specific heat of air.  Notice the nomenclature. We shall
designate air supplied by the heat exchanger to the room as  SUPPLY air.   Air from the
room is designated as  RETURN  air.   Ambient (outside) air into the heat exchanger is
designated as INCOMING air;   and air blown to ambient is  EXHAUST air.

If          ˙ m i  = ˙ m e   then we would expect  (Ts - Ti)  =  (Tr - Te) (14)
The “effectiveness”  η of a heat exchanger is the ratio of the actual heat transferred

to the maximum possible heat transfer.  In the simple case where ˙ m i  = ˙ m e ,

        
η=

Exhaust heat loss
Maximum possible heat transfer

 =
˙ m ec Tr − Te( )
˙ m ec Tr − Ti( )

=
Tr − Te( )
Tr − Ti( ) (15)

We could just have well defined effectiveness based on incoming air:

  
η=

Incoming heat gain
Maximum possible heat transfer

 =
˙ m ic Ts − Ti( )
˙ m ic Tr − Ti( )

=
Ts − Ti( )
Tr − Ti( ) (16)

UNBALANCED FLOWS:

Ideally, the flow rate of incoming and exhaust air would be the same so that the rise in
temperature of the supply air,  (Ts - Ti), would equal the drop in return air temperature (Tr - Te).
In a real installation, the flow rates would be adjusted, during installation, to achieve that balance
(unless a slight positive pressure is desired to help keep radon out).  If, however, those mass
flow rates are not the same, then you would expect the incoming temperature rise would not be
the same as the outgoing temperature drop.

If the incoming air flow rate is less than the exhaust flow rate, as is suggested in Fig
4(a), then the rise in temperature of the supply air will be higher than the drop in return air

η =
배기 열 손실

최대 배기 열 손실
=
배기 공기의 온도 저하

배기 공기 최대 온도 저하
=
Tr − Te

Tr − Ti

혹은

=
급기 열 획득

최대 급기 열 획득
=

급기 공기 온도 상승

급기 공기 최대 온도 상승
=
Ts − Ti

Tr − Ti
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η =
배기 열 손실

최대 배기 열 손실
=
배기 공기의 온도 저하

배기 공기 최대 온도 저하
=
Tr − Te

Tr − Ti

혹은

=
급기 열 획득

최대 급기 열 획득
=

급기 공기 온도 상승

급기 공기 최대 온도 상승
=
Ts − Ti

Tr − Ti
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치환 환기
Displacement Ventilation
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열회수 환기장치와 실내공기질 실내공기질

실내공기질의 중요성

최근까지 주로 도시의 대기오염문제, 오존 및 미세먼지 관리
문제 등 실외공기 문제가 주된 관심이었다.
하지만, 사람에게 직접적인 영향을 주는 것은 실내공기의
질이다.
우리나라 사람들은 95.4%의 시간을 실내에서 보낸다. 보통
유럽과 미국의 사람들도 90% 이상 실내에서 보낸다.
우리나라의 경우,

I 환경부에서 1989년 “지하공간환경기준권고치” 에 의해
실내오염물질 권고기준을 설정하는 것을 시작으로

I 1998년 지하역사 및 지하상가를 적용대상으로 하는
“지하생활공간 실내공기질관리법”을 제정·운용하게 되었으며,

I 2003년에 의료기관, 도서관, 미술관, 신축 공동주택 등을
적용대상으로 확대하여 “다중 이용시설등의
실내공기질관리법”으로 개정하였다.

실내공기질과 관련된 질병: 새집증후군, 천식, 아토피, 피부염,
알러지, 호흡곤란, 피로, 두통, 재채기, ...
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열회수 환기장치와 실내공기질 실내공기질

오염원이 사람에게 주는 영향

dose

오염원이 사람에게 주는 영향

누적 노출 E =
∑

(농도×시간) [ppm-hour]

평균 노출 E =
∑

(농도×시간)∑
시간

[ppm]
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낮시간 일산화탄소(CO) 노출의 예

FIGURE 2 
Hypothetical frequency distribution of Eh maximum CO exposures. 
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had little information about the actual 
exposures of the population to most of 
the pollutants of concern in the envi- 
ronment. Recent progress has been 
made in providing this information. 

As described by Duan, two basic ap- 
proaches exist for developing a fre- 
quency distribution of exposures of a 
population (23). The first, or direct, a p  
proach is to measure the 24-h exposure 
profiles of a large sample of persons 
statistically chosen to allow extrapola- 
tion of the results to the entire popula- 
tion. The other, indirect, method calcu- 
lates exposure profiles by combining 
information on the time spent in partic- 
ular activities with the concentrations 
associated with those activities. EPA's 
research program on total human expo- 
sure has employed both approaches. 

Direct approach 
This method seeks to measure a per- 

son's exposures directly by measuring 
concentrations of a given pollutant in 
the air breathed, the water drunk, and 
the food eaten. To characterize a popu- 
lation's exposures, it is necessary to 
monitor a relatively large number of 
persons and to select them in a manner 
that is statistically representative of the 
larger population. 

This approach marries the survey de- 

a.m. Time p.m. 
.Measured with a personal exposure monitor June 28. 1979 

882 Envimn. Sci.Tednol., vol. 19. No. 10, 1985 
출처: Ott (1975)
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콜로라도 주 덴버 시의 장소별 일산화탄소(CO) 농도

2106 WAYNE Orr et al. 

(3) No-source microenvironments: some of the 
microenvironments identified by location and activity 
in the database had no known source of CO (e.g. 
residences with no gas appliances or smokers, parks). 
The average of the PEM readings for each hour from 
these microenvironments is used as the ambient 
component. 

During the CO exposure study, nine temporary 
fixed-site monitors were added to the six monitors in 
Denver’s basic ambient air network, giving a 15- 

station network. 
The category ‘no-source microenvironments’ war- 

rants further discussion. If a microenvironment, such 
as a particular home, contains no sources or sinks for 
CO, then the outdoor air containing CO will infiltrate 
into the microenvironment. Over an extended time, 
the average CO concentration inside the microen- 
vironment will equal the average CO concentration of 
the outdoor air. Thus, the average CO concentration 
inside the no-source microenvironment will approach 
the average ambient background value. With shorter 
times, the CO concentration inside the no-source 
microenvironment will tend to ‘lag’ behind the am- 
bient background concentration in time. For a non- 
reactive pollutant such as CO, the relationship be- 
tween the interior and exterior concentrations as a 
function of time in a no-source microenvironment 
follows well-established laws that depend on the air 

exchange rate and the volume of the microenviron- 
ment. The analysis of these situations is well developed 
and sometimes is called the ‘box model’ (Ott and 
Wilhts, 1981). In the present investigation, the air 
exchange rates for different microenvironments were 
unavailable, so it was necessary to assume that the 
concentration in no-source microenvironments would 
be equal to the outdoor CO concentrations, thereby 
setting the lag time to zero. Thus, the no-source 
microenvironments were taken as a third possible 
measure of the ambient background component of 
concentration. 

RESULTS 

On Day 1, microenvironmental CO concentrations 
before subtracting the ambient background measure 
ranged from 1.1 ppm in churches to 13.2 ppm on 
motorcycles (Table 2). On Day 2 they ranged from 
1.6 ppm while respondents were indoors sleeping to 
11.1 ppm on motorcycles. The microenvironmental 
CO frequency distributions for each of the 22 micro- 
environments were created from Day 1 and Day 2 by 
subtracting the hourly ambient background concen- 
tration for the date and time for each of the three 
definitions of ambient background concentration dis- 
cussed above. 

Table 2. Raw CO concentrations in 22 microenvironments 

No. 

Microenvironment 

Description 

Day 1 Day 2 

No. of Mean SBt No. of Mean SBt 
ohs.* (ppml (ppml ohs.* (ppml (ppml 

1 Cooking, no gas 307 1.9 0.20 261 2.6 0.23 
2 Residence, no smokers 5242 2.4 0.06 5206 2.5 0.06 
3 Sleeping 3397 1.4 0.06 3284 1.6 0.06 
4 Office, no smokers 441 2.2 0.14 510 3.6 0.17 
5 Store or shop, indoor 338 3.3 0.27 328 3.5 0.25 
6 Restaurant, indoor 259 3.9 0.27 230 4.4 0.32 
7 High exposure 198 8.7 0.95 186 8.3 0.68 
8 Health care facility 180 2.6 0.32 146 2.2 0.24 
9 School 188 1.6 0.18 195 1.8 0.14 

10 Church 70 1.1 0.25 69 2.1 0.44 
11 Other public building 50 3.7 0.66 57 2.4 0.39 
12 Other outdoor 48 3.4 0.50 32 7.3 1.44 
13 Other indoor locations 165 4.8 0.69 142 8.0 1.92 
14 Open-air exercise 18 2.3 0.44 19 3.4 0.46 
15 Cooking, with gas 146 5.3 0.48 112 4.8 0.46 
16 Residence, with smokers 163 3.1 0.19 658 2.5 0.12 
17 Office, with smokers 207 3.1 0.25 227 4.2 0.32 
18 Walking, cycling, or 

other transit 292 4.3 0.37 239 4.4 0.42 
19 Automobile 1516 7.6 0.29 1513 8.1 0.29 
20 Bus 40 8.2 1.22 30 10.0 1.03 
21 Truck 79 6.8 0.63 171 7.7 0.80 
22 Motorcycle 11 13.2 3.51 9 11.1 2.21 

*Number of observations in microenvironment. An observation was taken whenever a person 
changed a microenvironment and on every clock hour; thus, each observation had an averaging time of 
60 min or less. 

tSE-Standard error, or s/J n, where s is the standard deviation. 

출처: Ott et al. (1988)
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실내와 야외의 11개 독성물질 낮시간 농도

출처: Wallace (1987)
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실내와 야외의 11개 독성물질 밤시간 농도

출처: Wallace (1987)

허진혁 (에너지전환) 에너지전환 연속강좌4 2008년 12월 8일 39 / 44



열회수 환기장치와 실내공기질 실내공기질

실내와 야외의 여러 독성물질 농도 비교

as paints and gasoline stored in base-
ments or attached garages). He attrib-
uted only 3 percent of the average per-
son’s exposure to industrial pollution.

In contrast, government regulators
usually consider only the gross amount
of benzene released into the general en-
vironment, for which the largest share
comes from automobiles (82 percent),
followed by industry (14 percent) and
domestic sources (3 percent). Cigarettes
contribute only 0.1 percent of the total.
Wallace’s work aptly demonstrated that
cutting all industrial releases of benzene
would reduce health risks by only a
tiny fraction. Yet even a modest reduc-
tion in cigarette smoking—the smallest
source of benzene in the atmosphere—

would significantly reduce the likelihood
of benzene causing disease.

Many other volatile organic com-
pounds that are quite toxic at high con-

centrations are also more prevalent in-
doors than out. For example, the chem-
ical tetrachloroethylene (also known as
perchloroethylene or “perc”), which has
been shown to cause cancer in labora-
tory animals, is used to dry-clean clothes.
Thus, the greatest exposure occurs when
people live in a building with dry-clean-
ing facilities, wear recently dry-cleaned
clothes or store such chemically laden
garments in their closets. Moth-repellent
cakes or crystals, toilet disinfectants, and
deodorizers are the major source of ex-
posure to paradichlorobenzene, which
also causes cancer in animals. Studies
have consistently indicated that almost
all exposure to paradichlorobenzene
comes from sources inside homes, not
from industrial emissions or hazardous-
waste sites.

Although assessments of the risks to
health are somewhat uncertain, it is clear

that less contact with toxic volatile or-
ganic compounds is better than more.
Most people can limit potentially harm-
ful exposure by avoiding products that
contain such pollutants. But other wor-
risome vapors are difficult to avoid.

For example, the major sources of ex-
posure to chloroform—a gas that pro-
vokes concern because it can cause can-
cer in animals subjected to high concen-
trations—are showers, boiling water and
clothes washers. It forms from the chlo-
rine used to treat water supplies. Be-
cause piped water is something that
people simply cannot do without, the
only way to minimize household expo-
sure to chloroform is to drink bottled
water (or tap water that is run through
a good-quality charcoal filter) and to
improve ventilation in the bathroom
and laundry.

Better airflow can also help lower ex-
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about stirs up a “personal cloud.”

Copyright 1998 Scientific American, Inc.

출처: Ott and Roberts (1998)

담배에서 배출되는 벤젠의 양은 전체의 0.1%에 불과하지만,
미국사람들이 노출된 벤젠의 45%는 담배에서 온다.
실내공기오염원 : 드라이크린(Tetrachloroethylene), 욕실
(Chlroform), 복사기(Ozone, Formaldehyde, Styrene), 담배,
가스레인지, 살충제, 방향제, 접착제, 온갖 플라스틱 제품들
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also causes cancer in animals. Studies
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Although assessments of the risks to
health are somewhat uncertain, it is clear

that less contact with toxic volatile or-
ganic compounds is better than more.
Most people can limit potentially harm-
ful exposure by avoiding products that
contain such pollutants. But other wor-
risome vapors are difficult to avoid.

For example, the major sources of ex-
posure to chloroform—a gas that pro-
vokes concern because it can cause can-
cer in animals subjected to high concen-
trations—are showers, boiling water and
clothes washers. It forms from the chlo-
rine used to treat water supplies. Be-
cause piped water is something that
people simply cannot do without, the
only way to minimize household expo-
sure to chloroform is to drink bottled
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a good-quality charcoal filter) and to
improve ventilation in the bathroom
and laundry.

Better airflow can also help lower ex-
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<표 II-3> 실내공기 오염물질별 건강 영향

자료: 김윤신, “겨울철 실내공기오염의 문제점과 관리대책”, 환경보전, 310권, 1998;  고광만,  

     김정열, “사업소 건축물에 대한 실내공기환경의 오염 조절방안에 관한연구”, 조선대학  

     교 공학박사 논문집, 제27집, 1992; Paolo Carrer, 「Indoor Air Quality」, European  

     Commission 

다. 실내공기질 악화로 인한 사회적 손실

  실내공기에 존재하는 여러 가지 오염물질은 각종 질병과 권태감, 피로감을 유발하

여 수명단축, 의료비 증가, 노동력 손실 등을 초래한다. 실내공기질 문제를 인간의 리

스크 관리차원에서 다루어져야 한다는 것은 이제 아무도 부인할 수 없는 명제가 되었

오염물질 건강영향

무기성 

오염물질

(inorganic 

pollutants)

CO2 고농도에서 호흡곤란, 사망

CO
 조직의 질식, 순환기 장해, 혈구증, 다증, 단백뇨, 

신경계 이상 증상

NO2 기관지염, 천식, 폐기종

SO2 호흡기 장해, 천식, 기관지염

라돈 폐암, 폐기능 저하

먼지 진폐증, 만성 호흡기질환

석면섬유
 피부질환, 호흡기 질환, 석면증, 폐암, 중피종, 

편평상피, 중풍

MMF

(man-made fiber)
피부 홍반 등 피부질환, 안구염증, 발암가능성 

유기성 

오염물질

(organic 

pollutants)

VOCs 조혈장기 장해, 신경장해, 피부장해, 피로감, 발암가능성

포름알데히드 비암, 구토, 설사, 인후자극, 호흡곤란

담배연기 폐암, 후두암, 간암, 폐렴, 기관지염

살충제 농도에 따라 다양한 영향을 미침

생물성 

오염물질

(biocontami-

nants)

바이러스

알레르기성 질환, 호흡기 질환(폐렴),

전염성 질환의 매개체, 감기, 아토피 피부염

박테리아

곰팡이

진드기

각질(dander)

곤충(insect)

기타(식물 등)

허진혁 (에너지전환) 에너지전환 연속강좌4 2008년 12월 8일 41 / 44



열회수 환기장치와 실내공기질 실내공기질

패시브하우스와 실내공기질

아토피, 새집증후군 등으로 인한 건강상의 문제로 ‘친환경’
소재에 대한 관심이 높아지고 있다. 적절한 환기 장치는 이런
문제에 대한 진일보된 해결책이다.

I ‘황토집’을 지어 한겨울 환기를 하는 방법이 창문을 여는 것
밖에 없다면?

열회수 환기장치를 적용하면, 에너지를 더 많이 절약하면서도
실내공기질을 개선할 수 있다.

‘패시브하우스’으로 기후·에너지 ‘위기’의 시대에 안락한
주거공간을 마련할 수 있을 것이다.

허진혁 (에너지전환) 에너지전환 연속강좌4 2008년 12월 8일 42 / 44



열회수 환기장치와 실내공기질 실내공기질

패시브하우스와 실내공기질

아토피, 새집증후군 등으로 인한 건강상의 문제로 ‘친환경’
소재에 대한 관심이 높아지고 있다. 적절한 환기 장치는 이런
문제에 대한 진일보된 해결책이다.

I ‘황토집’을 지어 한겨울 환기를 하는 방법이 창문을 여는 것
밖에 없다면?

열회수 환기장치를 적용하면, 에너지를 더 많이 절약하면서도
실내공기질을 개선할 수 있다.

‘패시브하우스’으로 기후·에너지 ‘위기’의 시대에 안락한
주거공간을 마련할 수 있을 것이다.

허진혁 (에너지전환) 에너지전환 연속강좌4 2008년 12월 8일 42 / 44



열회수 환기장치와 실내공기질 실내공기질

패시브하우스와 실내공기질

아토피, 새집증후군 등으로 인한 건강상의 문제로 ‘친환경’
소재에 대한 관심이 높아지고 있다. 적절한 환기 장치는 이런
문제에 대한 진일보된 해결책이다.

I ‘황토집’을 지어 한겨울 환기를 하는 방법이 창문을 여는 것
밖에 없다면?

열회수 환기장치를 적용하면, 에너지를 더 많이 절약하면서도
실내공기질을 개선할 수 있다.

‘패시브하우스’으로 기후·에너지 ‘위기’의 시대에 안락한
주거공간을 마련할 수 있을 것이다.

허진혁 (에너지전환) 에너지전환 연속강좌4 2008년 12월 8일 42 / 44



열회수 환기장치와 실내공기질 실내공기질

패시브하우스와 실내공기질

아토피, 새집증후군 등으로 인한 건강상의 문제로 ‘친환경’
소재에 대한 관심이 높아지고 있다. 적절한 환기 장치는 이런
문제에 대한 진일보된 해결책이다.

I ‘황토집’을 지어 한겨울 환기를 하는 방법이 창문을 여는 것
밖에 없다면?

열회수 환기장치를 적용하면, 에너지를 더 많이 절약하면서도
실내공기질을 개선할 수 있다.

‘패시브하우스’으로 기후·에너지 ‘위기’의 시대에 안락한
주거공간을 마련할 수 있을 것이다.

허진혁 (에너지전환) 에너지전환 연속강좌4 2008년 12월 8일 42 / 44



에너지강좌를 마치며
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에너지강좌를 마치며

低에너지 사회에 대한 상상력

중앙집중적인 高에너지 시스템 ‘수혜자’들의 ‘감춰진 상처’:
자신이 살아가는 환경과의 단절

에너지전환의 과정과 결과는 ‘에너지전환’ 이상이다.
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