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In Japan, collaborative public-private efforts are being made to
renovate and reutilize the older buildings with the aim of preserving
historic townscape and adapting them for commercial and communal
needs. Subsidies are granted for maintenance and renovations of
these buildings, which have attracted local businesses (cafes, shops,
and offices) and have become venues for cultural activities, and
gatherings. Renovations are done with no external wall insulation as
it alters building physical characteristics and conservation principles,
whereas internal walls are avoided as they are designed to facilitate
the community. However, the energy cost of such buildings is
generally high that can discourage people using them in the long-term
thus, affecting town revitalization approaches. Therefore, it is
important to understand the actual thermal environment of renovated
old houses for sustainable and economically viable town
development. With this aim, we surveyed a newly renovated
kominka, now used as multipurpose library to understand the
temperature distribution in shared and private spaces with and
without use of air conditioning systems during the winter month.
Similarly, the thermal characteristics of building elements were
studied using a thermal camera, which shows uneven thermal
distribution and leakages through the wall, floor, and roof after using
AC. The surveyed building was renovated with the approximate cost
of 150 million yen, with this study we can assume, there will be
additional burden of annual energy cost due to the poor thermal
insulation. Thus, there is a need for energy efficient renovation
approaches.

1. Introduction

The rural part of Japan is a home to a diverse array of traditional wooden buildings including
farmhouse (minka), temples, shrines, tea house, merchant house with distinctive architectural features
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characterized by local climate, available building materials, and culture.

These rich architectural characteristics contribute significantly to the historic landscape of the town.
However, most parts of rural and old urban areas of Japan have lost its historical streetscape due to
ageing population, relocation of younger generation and demolition or reconstruction of abandoned
houses [1]. In the last two decades, local governments have been formulating several model projects
for reviving and preserving the historic streetscape to enhance awareness among residents. These
projects are designed not only to protect old houses, but also to be used by local people. There are
many examples where kominka (old town houses) have been redeveloped and used as a public venue
for cultural activities and guesthouses, public facilities for events, concerts, and exhibitions in the town
[1]. As these buildings maintain the original fagade in their new construction, there are no or very less
studies regarding actual thermal environment of renovated kominka after being used in the context of
Japan. Therefore, in this study, we have surveyed the indoor thermal condition of renovated kominka,
which is recently transformed into multipurpose library for Omori residents and tourists.

In order to maintain physical characteristics and conservation principles, historic and traditional
buildings lack exterior wall insulation following their vernacular construction method [2]. The United
States [3, 4], the European Union [5] and the United Kingdom [6] have exempted historic building
from energy regulation to protect the potential risk of retrofit. However, several past researches on
energy retrofit highlighted historic buildings responsible for 20-40 % of total energy consumption [7]
and approximately one-third of global energy related CO2 emissions [8]. This has attracted the
attention of policy maker and preservationists to consider energy regulatory exemption, since
upgrading the historic building to current needs will ensure their continuous use rather than being
neglected and demolished [9, 10]. From this perspective, it is important to understand the actual
thermal environment of existing and renovated historic buildings to keep using it without bearing
additional cost of energy consumption in the future.

For this study, newly renovated kominka now used as multipurpose library has been investigated
during the wintertime with and without use of air conditioning systems (AC). The surveyed building
is in Omori area in Oda city, Shimane prefecture, once home to a silver mine whose production reached
one-third of the world’s silver nearly four centuries ago (between 1526—1923) [11]. During that time,
the population of the town was approximately 200,000, which declined sharply after the mine was
closed in 1923. Following the closure of the mine, the town became deserted as residents moved away
and abandoned wooden houses disintegrated, eventually reclaimed by dense forest labelling into a
ghost town [12]. With the combined efforts of local government, business, and the community, Omori
ginzan area was established as UNESCO world heritage site in 2007, transforming from a ghost town
to a vibrant community. To maintain the historic landscape of the town, these buildings are renovated
with no external wall insulation that can lead to an increase in energy cost, thus discouraging people
using them in the long term. This can affect town revitalization efforts being made by the people to
rejuvenate the town. It is important to address this issue as the town could once again face the
possibility of decline. Shrestha and Shimizu [13] studied the actual thermal environment of well-
preserved samurai residence at Omori town during the summer and wintertime and revealed severe
indoor temperatures of below 1.5 °C in winter. This clearly demonstrates the inevitable rise in energy
cost. Therefore, in this study, we have focused on understanding the actual indoor thermal environment
of newly renovated kominka with and without heating during the extreme winter.

The winter measurement was conducted for 5 consecutive days with and without using AC. The
thermohygrometers were kept in different places (public and private) to understand temperature
distribution within spaces and with respect to the outside temperature under both setting AC and non-
AC. Similarly, when AC was turned on, thermal characteristics of building elements were studied using
a thermal camera to understand the temperature distribution and leakages through floor, roof, and walls.
Finally, conclusions were made based on the on-site thermal measurements. The study’s findings are
expected to reveal the issues regarding inefficient thermal performance after the construction.
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2. Methodology

2.1 Overview of measurement site

As shown in Fig. 1, the colored portion on map indicates the location of surveyed building, which
is in globally recognized place specifically within the UNESCO World Heritage Site in Omori town at
Shimane prefecture. This surveyed building was believed to have been built after the Great Kansei fire
of 1800, which destroyed the entire town [14]. This two-story wooden house known as Matsubara
family residence was one of the influential merchant families in the 18" century that brewed and sold
vinegar in the Omori town. Historically, this house holds significant importance as it was the birthplace
of Junichi Matsubara (1884 —1952) who served as the president of the Bank of Korea [15]. Besides,
this residence is located on the main street of the Iwami Ginzan Silver mine, which was registered as
a UNESCO World Heritage site in 2007. In 1969, the silver mine and surrounding villages have been
designated as Special Preservation District for groups of historic buildings therefore, renovations were
done preserving the historic characteristics of the town. This residence was in dilapidated condition
until 2016, when it was acquired by the Nakamura Brace company. Between 2021 and 2023, the
company collaborated with Shimane prefectural university to undergo major renovations of the
residence, preserving the building’s distinctive exterior while redesigning the interior to meet the needs
of children, citizens, and tourists. In 2023, the building was opened as a multipurpose library.

Fig. 2-3 presents the exterior and interior views, while the architectural planning is illustrated in
Fig. 4. On the first floor there are two library spaces, one with lantern style bookshelves and another
with Iwami Ginzan mine shaft bookshelves (see Fig. 2 (b-¢)). For this measurement, these two library
spaces are named as open book space (resembling lantern style bookshelves) and closed book space
(resembling mine shaft bookshelves) (see Fig. 4 (a)). The red dot seen in the architectural planning
represents the thermal measurement points on the first and the second floor (see Fig. 4).

K

Preservation Districts for o
Groups of Traditional
Buildings 7
Renovated Kominka

(Surveyed building)

Iwami Ginzan Silver Mine

UNESCO World Heritage Site
~——= Omori town

Area 162.7 ha

Yunotsu town

Area 36.6 ha Shimane

Prefecture

Tsuwano town
Area 11.1 ha

10 0 10 20km

Fig.1. Map showing location of measurement at Omori town in Shimane prefecture
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Surveyed b uiding

i / _ [ e . §
(a) Bird's eye view of Omori Ginzan settlemen

(c) Closed hook space (Resembling (d) Passage (e) Shared space 1
v ami Ginzan mine shaft hookshelves)

Fig. 2. Interior view of first floor showing (a) Omori Ginzan settlement (b) Open book space (c) Closed
book space (d) Passage (e) Shared space 1

(b) Semiprivate space (c) Private space

Fig. 3. Interior view of second floor showing (a) Shared space 2 (b) Semi-private space (c) Private space
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(a) First floor (b) Second floor

Fig. 4. Architectural planning of the surveyed building with red dot showing measured spaces (a) First floor
planning (b) Second floor planning (Architectural drawing: source reproduced with permission by Nakamura

Brace Co. Ltd.)

2.2 Measurement setup

Fig. 2-3 shows the interior view of surveyed building with the thermohygrometers placed 1,100
mm height from the base in the center of each room. The thermohygrometers used for indoor
measurement was an A&D AD-5695DL with the measurement accuracy of 0.6 °C and range of 0-
50 °C. Similarly, the thermohygrometers used for outdoor and foundation was a T&D TR72A with the
accuracy of 0.5 °C and range of 0-55 °C. Additionally, an Eko MS-40 pyranometer with a sensitivity
of approximately 10 uV/W/m? was set on the south side in the patio to measure the solar irradiance of
the day during the measurement time.

As seen in Table 1, the winter measurement was conducted for 99 h with and without using AC.
Initially, the first 4 h, the measurement was carried out using AC while the next 66 h, the measurement
was taken without using AC. On the fourth and fifth day, measurement was performed using AC for
24 h. On the last day, the AC was turned off again for 5 h between 11:00 am to 16:00 pm. In this study,
the temperature of AC was set 25 °C in all the rooms. Similarly, we turned the AC on and off for
intermittent hours to capture the thermal condition of rooms with respect to the outside temperature
under both settings. Even though Omori Ginzan area received heavy snowfall in the wintertime [16],
during the measurement period, the weather conditions were sunny, rainy, and cloudy.

Table 1 Winter measurement period

Date Days of the week Measurement time
(Year/month/day) With AC With no AC
2023/02/24 Friday (Sunny) 13:00 pm—17:00 pm (4 h) 17:00 pm—00:00 am (7 h)
2023/02/25 Saturday (Rainy) 00:00 am—0:00 am (24 h)
2023/02/26 Sunday (Cloudy) 00:00 am—0:00 am (24 h)
2023/02/27 Monday (Sunny) 11:00 am—00:00 am (13 h) 00:00 am—11:00 am (11 h)
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2023/02/28 Tuesday (Sunny) 00:00 am—11:00 am (11 h) 11:00 am—16:00 pm (5 h)

3. Results

3.1 Data overview

Fig. 5 (a) compare the indoor-outdoor temperature and solar irradiance distribution for the whole
measurement time. On the first day, when AC was turned on for 4 h, the indoor temperature of
semiprivate space reached 31°C followed by private space 29 °C within 2 hours of heating. While the
shared space on the second and first floor elevated to 25 °C and open and closed book space rose to
21 °C. Similarly, the entrance and passage remained between 16-18 °C during the time, the outside
temperature was found to be approx. 10 °C. Next AC was turned off for 66 h, the indoor temperature
of all measured places ranges between 5-10 °C while the outdoor temperature was fluctuating
throughout the day and nighttime (minimum -2 °C and maximum 14 °C). Afterward, AC was turned
on for 24 h, the indoor temperature at semi-private and private space tended to stabilize between 28-
30 °C while shared spaces in the second and first floor remained between 25-26 °C and open and
closed book space between 21-22 °C throughout the AC time. The indoor temperature at entrance and
passage ranges between 15-18 °C whereas outdoor remained between 11-15 °C during daytime and
below 5 °C during nighttime. In contrast, temperature at foundation remained steady between 5-9 °C
during the measurement period. Similarly, increase in solar irradiance during daytime shows little
effect in the indoor temperature of the measured places.

- T_out Closed_Bookspace -~ Passage Shared space 1 Semi-private space
— Foundation - Entrance Open_Bookspace Shared space 2 —— Private space

“ Solar irradiance

(a) Indoor-Outdoor Temperature Comparison

3

Temperature (°C)
g &
Solar Irradiance (W/m?)

5

o

Relative humidity (%)

Feb 24 22.00
feb 25 15:00
fed 26 15:00
feb 26 19.00
Feb 27 03.00
Feb 27 07:00

Fed 24 11:00 4
b 24 15:00
Feb 25 07:00
Feb 26 11:00
feb 26 23.00
feb 28 19:00 4

With AC With ne AC

Fig. 5. Winter measurement for four days (a) Indoor-outdoor temperature comparison (b) Indoor-outdoor
relative humidity comparison
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Fig. 5 (b) compare the indoor-outdoor relative humidity (RH) for the whole measurement time.
During the daytime, the outside relative humidity ranges between 40-50% while at nighttime increase
to 70-80%. Without using AC, relative humidity for all measured indoor spaces remained between 50-
60% during day and night-time. After using AC, the relative humidity reduced to 35-45% at all
measured indoor spaces. In contrast, only slight changes (55-60%) were recorded in the relative
humidity in foundation during both day and night.

3.2 Operative temperature and relative humidity distribution: With and without AC

Fig. 6 evaluate the comfort condition of the measured rooms with and without AC. Fig. 6 (a)
compare the operative temperature and RH trends and variability in the indoor measured spaces
without using AC. During the time, all measured rooms exhibit smaller interquartile range of operative
temperature 6-9 °C and RH 50-60%, indicating lower variability during the day and night. Due to the
use of AC on the first day (13:00-17:00 pm), shared space 2, semiprivate and private space’s average
operative temperature and RH remained relatively high 15-17 °C and 45-50% respectively during the
night. Therefore, there are outliers on the higher end in the operative temperature of these spaces.

Fig. 6 (b) compare the changes in the operative temperature and RH in the indoor measured spaces
after using AC. During the time, interquartile range of private and semiprivate space’s operative
temperature was notably small, indicating very narrow range of temperature variation (29-31 °C)
within the period. In the case of other rooms, shared space 1 and 2, open and closed book space’s
operative temperature tended to stabilize between 22-25 °C, suggesting that all the room temperature
remains relatively constant and stable when AC was used. While RH decreased sharply, with the
minimum (below 30%) observed in semiprivate space, shared space 1 and 2. In contrast, closed book
space exhibited wider interquartile range, with the RH ranging from 30-45% during the day and night.
During the period, RH of closed book space and private space was found between 26-36% and 30-
40% respectively.
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Fig. 6. Comparison of operative temperature and relative humidity within the measured rooms with and
without AC
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3.3 Comparison of indoor-outdoor temperature differences: With and without AC

Fig. 7 compare the thermal performance of the surveyed building based on the indoor-outdoor
temperature differences with and without AC. Fig. 7 (a) shows the differences between indoor-outdoor
measured places without using AC during 66 h of measurement time. The indoor temperature of all
measured places was found to be 5-7 °C warmer than outside temperature during the nighttime, while
minimum temperature difference (0.5-1 °C) was found during the daytime. On the first day when AC
was turned off after 4 h, shared space 2, semiprivate and private space remained warmer (8.5-11 °C)
than the outside temperature at night without AC while the other rooms exhibited similar tendency,
being 6 °C warmer.

Fig. 7. (b) shows the temperature differences between indoor-outdoor when AC was turned on for
24 h. During the nighttime, closed and open book space and shared spaces 1 and 2 were found to be
18-21°C warmer, while semi-private and private spaces were found to be 27-28 °C warmer than outside
temperature. Whereas in the daytime, maximum temperature differences were found to be approx. 10
°C between measured places.

(a) With No AC & (b) With AC
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20 4 204
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Fig. 7. Temperature differences within the spaces with and without use of AC

3.4 Thermal distribution with AC using Thermal Camera

Fig. 8 shows the thermal distribution in the closed book space after using AC. As shown in Fig. 8.
(b, ¢), the temperature difference of heat source and area below it was found to be more than 20 °C.
This significant drop in temperature, suggesting heat being not efficiently spread throughout the room.
Consequently, maintaining a consistent room temperature require more effort from AC, affecting
overall efficiency and comfort.
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Heat source

(a) Closed hookspace (b) Thermal image of closed book space (2023/02/24 15:20 pm) (c) Temp erature profile through P1

Fig. 8. Thermal distribution in closed book space when AC was turned on

Fig. 9 shows the thermal distribution of entrance when AC was turned on. The thermal image and
temperature profile through P1 depict significant temperature gradient between wooden door at head
level and stone floor. This temperature stratification within the spaces can affect change in indoor
temperature and thermal comfort in the room.

Minkmumc 6.6 *C Maximum: 174 °C Aveeage: 11.8 %C

85| Wooden door

wsjswm
| floor

(a) Entrance (b) Thermal image of entrance (2023/02/27 14:10 pm) (c) Temperature profile through P1

Fig. 9. Thermal distribution in entrance when AC was turned on

Fig. 10 shows the thermal distribution in bookshelves when AC was used. As shown in Fig. 10. (b,
¢), the vertical temperature distribution was found to be more than 10 °C. Similarly, there is significant
temperature difference between AC setting temperature (25 °C) and the surface temperature of tatami
flooring (rice straw mat), which was found to be approx. 12 °C. This shows during the wintertime, it
is uncomfortable to walk and do other activities in this space due to coldness even after using AC.

Minimarm: 12.7 °C Maximam: 240 °C Average: 174 *C

Top of bookshelf

, Tatami floor

(a) Openhookspace (b) Thermal image of openhook space (2023/02/27 14:08 pm) (c) Temperature profile through P1

Fig. 10. Thermal distribution in open book space when AC was turned on

Fig. 11 shows the thermal distribution on carpet floor in the shared space 1 after using AC. As
shown in (Fig. 11. (b, ¢)), the area of carpet floor directly exposed to AC was found to have maximum
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temperature approx. 27 °C, whereas the carpet area not directly reached by AC exhibit 17 °C. This
shows temperature differences of 10 °C within the space while using AC.

(a) Shared space 1 (b) Thermal image of shared space 1 (2023/02/24 16:00 pm) (c) Tenperature profile through P1

Fig.11. Thermal distribution on carpet floor in shared space 1 when AC was turned on

Fig. 12 shows the thermal distribution of ceiling and shikkui wall in the shared space 2 when AC
was used. As shown in Fig. 12 (b), the thermal image of shikkui wall reveals the interior structure of
the timber frame, suggesting a lack of sufficient insulation on the wall. Similarly, in Fig. 12. (¢), the
thermal image reveals uneven surface temperature or cold spot in the ceiling, indicating poor insulation
that can result energy loss from the wall and roof during winter.

(a) Shared space 2 (b) Thermal image o f wall (2023/02/24 16:11 pm) (c) Thermal image of ceiling (2023/02/24 16:11 pm)

Fig.12. Thermal distribution of wall and ceiling in shared space 2 when air conditioner was turned on

4. Discussion

In this paper, we studied the actual thermal condition of newly renovated kominka (old house) used
as multi-purpose library during the wintertime with and without AC. Without the AC, the indoor
temperature of all measured places shows a smaller temperature difference of 5-7 °C (nighttime) and
0.5-1 °C (daytime) than the outside temperature. This suggests poor insulation of rooms, which is not
sufficient to maintain a significant warmer indoor environment without active heating. Note: on the
first day when AC was used for 4 h and turn off during night, shared space 2, semiprivate and private
space remained warmer (8.5-11 °C) than the outside temperature while the other rooms exhibited
similar tendency, being 6 °C warmer. This suggest compared to other rooms second floor rooms store
heat for longer periods making the room comparatively warmer. Similarly, all measured rooms show
the operative temperature of 6-9 °C and RH 50-60%, indicating lower comfort condition during the
day and nighttime.

When AC was used with setting temperature 25 °C, the indoor temperature at semi-private and
private spaces stabilizes between 28-30 °C while shared spaces in the second and first floor remained
between 25-26 °C and open and closed book space between 21-22 °C throughout the AC time. The
indoor temperature at entrance and passage ranges between 15-18 °C whereas outdoor remained
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between 11-15 °C during daytime and below 5 °C during nighttime. This shows all rooms except
entrance and passage was found to be more than 20 °C warmer than outside temperature during
nighttime. Similarly, the operative temperature of private and semiprivate space was found to be 29-
31 °C, while other rooms, shared space 1 and 2, open and closed book space was found between 22-
25 °C with minimum RH below 30-45%. Based on the thermal comfort set by ASHRAE standard 55
[17], 96.5% of the complaints occurred at temperatures less than 21 °C and RH 30% or greater than
24 °C and RH above 60%. This indicate semi-private and private spaces is likely to be too warm due
to excessive heated, which lead to discomfort for occupants. Shared spaces in the second and first floor
located in south is likely to be slightly warm, while open and closed book space remained between 21-
22 °C within the ASHRAE standard indicating comfortable condition.

Following the result obtained from the thermal camera, the temperature gradient within the rooms
was significantly higher indicating inefficient heat distribution throughout the room. Consequently,
AC may need to work harder to maintain a consistent room temperature, affecting the overall efficiency
and comfort. Similarly, the ASHRAE standard 55 [17], ISO 7730 [18] and several other researchers
set an acceptable limit of 3 °C/m, 4 °C/m, 5 °C/m and 8 °C/m between head and feet to reduce local
thermal discomfort [19-24]. However, our result shows the vertical temperature differences in the
measured spaces more than 10 °C, which could lead immense discomfort in the feet while standing,
walking in the rooms during winter months.

Therefore, with these results, it is important to understand whether the renovation of old houses
can offer an efficient path to town revitalization and energy efficiency.

5. Conclusions

This paper presents the actual indoor conditions of renovated kominka (old house) located in Omori
town during the wintertime with and without using AC. The indoor conditions of the measured rooms
without AC ranges between 5-10 °C, while after using AC, rooms were more than 20 °C warmer than
outside temperature during the nighttime. Based on the ASHRAE standard 55, the surveyed building
shows lower comfort condition during the day and nighttime without AC. After using AC, semi-private
and private spaces is likely to be too warm due to excessive heated while shared spaces in the second
and first floor located in south is likely to be slightly warm. Whereas open and closed book space
remained between 21-22 °C within the ASHRAE standard indicating the comfortable condition.
Similarly, vertical temperature differences indicate inefficient heat distribution throughout the room.
Their result shows temperature gradient of more than 10 °C at different height with the surface
temperature of tatami flooring being approx. 12 °C. This can lead to discomfort in the feet while
walking or doing other activities due to coldness even after using AC.

The surveyed building was renovated with the approximate cost of 150 million yen, with this study
we can assume, there will be additional burden of annual energy cost due to the poor thermal insulation.
Fig. 1 shows Shimane prefecture consist of three important towns (Omori town, Yunotsu town and
Tsuwano town) recognized as preservation districts for groups of traditional buildings. To preserve and
continue using the traditional wooden houses, Japan government provides financial support up to 1.2
million yen for renovations. If these buildings are renovated understanding the indoor thermal
condition and comfort for occupant, financial supports can be efficiently utilized. Therefore, the
understanding of actual indoor conditions is crucial in town revitalization and the circular economy.
By accessing the actual indoor condition of the renovated building allows for the implementation of
sustainable building practices. This can reduce the carbon footprint of buildings, contributing to the
broader goals of a circular economy and sustainable town revitalization.
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