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Considering the development of anime tourism in Nagasaki City, Japan,

from the perspective of stakeholders' perceptions

Sayo HISADOME*, Masahiko OTA**

Abstract
This study examined the development of anime tourism in Nagasaki City, Japan, from the perspective of stakeholders'
perceptions. The anime work selected for this study was “Iroduku: The World in Colors,” which is set in Nagasaki City.
To understand how ordinary tourists perceive anime tourism at established tourist destinations, we conducted a
questionnaire survey at Glover Garden, a World Heritage site and a location featured in the anime. Additionally, we
conducted semi-structured interviews with two anime fans, one local resident, and one official from a public agency to
gain insight into stakeholders’ perceptions. The questionnaire results revealed that many tourists have a positive
impression of Glover Garden being an anime pilgrimage site, especially among younger age groups. However, there
were some respondents in the 50+ age groups who did not view it favorably. The stakeholder interviews confirmed that
the love and passion for the anime work and connections and human relations among the fan community formed the
core of their activities. The interviews also suggested a potential flow of successful anime tourism in Nagasaki City and
potentially other locations; if a space in which anime fans can gather is provided, it attracts casual visits from anime
fans and improves local residents' awareness of anime tourism and anime fans, leading to increased cooperation from

the municipality administration and satisfaction of anime fans.
Key Words: contents tourism, anime pilgrimage, anime fan, tourist city, local revitalization
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Utilizing geoparks for tourism education at high schools:

A case study of Muroto City in Japan

Nao OKI*, Masahiko OTA**

Abstract
This study provides insights into the utilization of geoparks for tourism education at high schools. The focus is on
Muroto City, specifically Muroto UNESCO Global Geopark and Kochi Prefectural Muroto High School. Firstly,

geopark officers of Muroto Geopark were interviewed to explore their collaboration with high schools. Secondly,

teachers in charge at Muroto High School were interviewed to understand the curriculum and the details of subjects

related to geoparks. Thirdly, semi-structured interviews were conducted with five students who participated in

"Geopark Studies" at Muroto High School in 2021, in order to specifically clarify what they learned. The curriculum

was designed to utilize the Muroto Geopark throughout the three years. The analysis of the student learning showed that

all students recognized the importance of understanding the region, and many expressed that they rediscovered the

charm of Muroto, which they had previously taken for granted. Furthermore, discovering the attractiveness of the

region and deriving enjoyment from it led to a desire to disseminate the knowledge gained to both within and outside

the prefecture, creating a chain of motivation and action.

Key Words: local resources, human resource development, student learning, rediscovery of the value of the region
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Prosocial mentality of rice-transplanting volunteers

Kei’ichiro IGUCHI*

Abstract
A questionnaire survey was conducted to clarify the tendencies of prosocial mentality among rice-transplanting volunteers. For
comparison, university students attending a lecture on “Environmental Conservation Biology” held on June 7, 2016 were taken
as a control group. Subjects participated in two types of prosocial experiments. In the dictator game, the amount offered by each
person was used as an index of altruism. In the ultimatum game, each person's offer amount was used as an indicator of empathy.
The rice-planting volunteers were also asked to evaluate their feelings of fatigue and exhilaration using a 5-point scale. Among
the rice-planting volunteers, many showed a tendency to be altruistic, suggesting a high degree of positive attitude toward
volunteer activities. Through their activities in the rice fields, they were able to enjoy a positive mood (exhilaration) as a reward,
and at the same time, they ended up with increased empathy. Regardless of whether they are farmers or not, Japanese people
unconsciously lead a life based on rice farming culture, and the mentality of rice-transplanting volunteers reflects this preference

for social norms.

Key Words: dictator game, empathy, environmental conservation, questionnaire survey, ultimatum game
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Estimation of energy, CO, emission and cost of a Net Zero Energy House

for life span in the future

Wei Sheng LIN*, Sunhee SUK**

Abstract

Net Zero Energy Houses (ZEH) are an important solution to reduce emissions from the building sector. However, the

additional cost of purchasing a ZEH is an obstacle preventing many households choosing them. Although subsidies are

now available from the government and earnings are possible from the sale of renewable energy under the Feed-in

Tariff (FIT) scheme, it is still hard for potential purchasers to decide whether such support can offset the additional cost

from living in a ZEH since it is difficult to estimate future cost savings realized through energy consumption and sale of

renewable energy. This research proposes use of the cumulative cash flow (CCF) method to estimate the total cost

saved from living in a ZEH compared to a conventional house, and also considers the relevant factors liable to change

in future scenarios. A research case of ZEH in Nagasaki Prefecture, Japan was selected for the simulation. Simulation

results show there is a financial benefit to choosing ZEH, with a cost saving of around 3 million yen (at present value)

from energy consumption during the research period from 2022 to 2050, exceeding the additional price of a ZEH

compared to the conventional house.

Key Words: Cumulative cash flow, Feed-in Tariff, Nagasaki, Net Zero Energy Houses (ZEH), Renewable energy

1. Introduction

The building sector is important when considering
reducing carbon emissions and climate transition. In
2021, the operation of buildings accounted for 30% of
global final energy consumption and 27% of total energy
emissions

sector (International

(Delmastro and Chen, 2023). In the building sector,

Energy  Agency

houses are major sources of energy consumption,
accounting for 21.2% of the total energy consumption of
the building sector. As a result, houses generate an
unignorable amount of carbon emissions, and efforts

need to be taken to cut emission from houses to achieve
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related climate transition goals in the future. Several
technologies are currently available to help houses
become more environment friendly, and if such
technologies are adopted, such as building insulation,
high efficiency electric appliances and renewable energy
systems to achieve net zero emissions during operation,
such houses can be termed net Zero Emission Houses
(ZEH). With more households choosing to live in ZEH,
emissions from the building sector can be significantly
reduced. However, while ZEH can help cut energy
consumption and the associated emissions, the issue of
cost/price currently presents a major obstacle for the
development of ZEH. Due to the higher cost of
constructing ZEH, they cannot compete economically
when compared to conventional houses under similar
conditions. Thus, a financial incentive must be offered to
increase the likelihood of a household choosing a ZEH,
which generally comes in the form of a subsidy from the
government upon the purchase of a ZEH. This subsidy

can help directly fill the cost gap between a ZEH and
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conventional house. In addition, renewable energy
purchasing schemes offered by power companies can
also reduce the cost of living in ZEH, wherein a power
company purchases the renewable electricity from
independent units at a price which is usually higher than
the normal electricity tariff. This means electricity
generated through a ZEH’s renewable energy system can
be sold to generate additional income to offset the cost.
Despite provision of the above support for buying a
ZEH, however, it is difficult for a potential house
purchaser to confirm whether the subsidy and the
earnings from a renewable energy purchasing scheme
can offset the additional cost for choosing a ZEH rather
than a conventional house, and the length of the payback
period. No model or tool currently exists to perform the
calculations to answer this question. Furthermore, if the
future situation is to be simulated in this exercise, it is
not realistic to set all the relevant factors (such as energy
price and energy efficiency) as fixed. It is therefore
essential to consider future trends so that the estimation
can be more accurate. Therefore, for this research, the
research goal was to create a model to simulate the cost
difference between a ZEH and a conventional house for a
certain period in the future, that can also account for
climate transition scenarios in order to adjust the
variables to fit the path of the future situation. Besides
the financial cost, energy consumption and associated
carbon emissions also need to be estimated to analyze the

environmental benefit of living in a ZEH.

2. Literature Review
2.1 Definition of ZEH (net Zero Energy House)
The term ZEH (net Zero Energy House) has varying
definitions, derived from differing regions or standards
(Leckner & Zmeureanu, 2011). In this research, the
definition used by the Agency for Natural Resources and
Energy of Japan is adopted. Therefore, the ZEH in this
research is defined as “a house which can achieve a net
zero balance of annual energy consumption and with low
energy demands (due to improvement of insulation
performance of the outer skin and use of highly efficient
equipment/systems) and the installation of renewable

energy generating systems” (METI, 2019).

2.2 Roadmap of the building sector and ZEH in
climate transition
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Since the Paris Agreement, it has been determined that
the global goal for climate transition is to limit global
warming to well below 2, preferably to 1.5 degrees
This the
Intergovernmental Panel on Climate Change (IPCC)

Celsius. goal was also confirmed by
special report from a scientific perspective (IPCC, 2018).
To achieve this goal, multiple research institutes have set
transition roadmaps for many sectors to follow, including
the building sector. For example, in the Net Zero by 2050
roadmap published by the International Energy Agency
(IEA), some major goals for the global building sector
have been set, such as reducing carbon dioxide emission
by 95% for all buildings by 2050 compared to the
amount in 2020. In addition, it is mandated that all new
buildings after 2030 have to be ZEH, and more than 85%
of buildings need to be ZEH by 2050 (Pales et al., 2021).
Besides the global roadmap, multiple countries have also
published their individual transition roadmaps, following
their carbon reduction goals. For instance, the Japanese
government has developed its 6" Basic Energy Plan
toward 2050 (METI, 2021). As part of the plan, the goal
for ZEH has been established, which is to ensure all
houses built after 2030 satisfy the ZEH standards, 60%
of which are to have independent solar panel systems the
above roadmaps reflect the growing importance of

developing ZEH going forwards.

2.3 The financial challenges for developing ZEH

Although ZEH bring positive benefits from an
environmental perspective, the fact that they incur higher
costs to build and therefore have higher selling prices is
an obstacle to the promotion of ZEH. According to one
research, improving energy efficiency is initially costly
due to the complex technical requirements of net zero
emissions (NZE) buildings (Makvandia, & Safiuddin,
2021). Another research states the additional cost of ZEH
in Korea is around 5% compared to similar-sized houses
(Lim et al., 2021).

2.4 Financial support for ZEH

To incentivize the purchase of ZEH, governments have
instigated various support policies, the most common of
which is a subsidy. For instance, according to the
Japanese government’s relevant policy, a subsidy for
buying a ZEH of up to 1.2 million Yen by 2022 was
provided, depending on the level/type of ZEH (METI,



Estimation of Energy, CO, emission and cost of a Net Zero Energy House for life span in the future

MLIT and MOE, 2022). In addition to direct subsidies, a
further policy to reduce the costs of ZEH during
operation is the Feed-in Tariff (FIT) scheme. The Feed-in
Tariff scheme is a regulation that allows individual
renewable energy generating units to sell energy to
power companies at a fixed premium price ensured by
the government. As a consequence, ZEH can earn extra
income by selling the renewable energy they generate. In
Japan, the FIT scheme has been implemented since 2012.
Under the regulation of the Act on Special Measures
Concerning Procurement of Electricity from Renewable
Energy Sources by Electricity Utilities enacted in 2011,
individual renewable energy generating units can enter
into a contract and sell the energy at a fixed premium
price during a 10-year generation period. After the
contract expires, individual units have to form another
contract at the current price. Although the Japanese
government has decided to revise the main policy and
change the main regulation into the Feed-in Premium
(FIP) scheme, which means a floating premium price is
offered instead of a fixed price, the policy for households
still maintains the FIT regulation into the near future,

until further new revisions are published.

2.5 Research on estimating building energy
consumption during building life span

The major financial advantage of ZEH compared to
conventional houses is the lower or even zero energy
cost. However, whether the combination of subsidy and
saved cost from energy is enough to offset the additional
cost of buying a ZEH depends on the estimation used.
Regarding this topic, several research have adopted
different methods to estimate the energy consumption of
buildings or the associated cost during the building life
span. Marszal & Heiselberg (2011) adopt a life cycle cost
methodology and case study to determine the economic
advantages of energy efficiency measures and renewable
systems in Denmark, and the results show that with the
current price level and PV installation for producing
electricity, the investment in energy efficiency is more
cost effective than investment in renewable technologies
(Marszal & Heiselberg, 2011). Conversely, Leckner &
Zmeureanu (2011), using the cumulative cash flow
(CCF) method to simulate the payback time and ratio of
ZEH, found that due to the high cost of solar

technologies and the low cost of electricity in Montreal,
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financial payback is never achieved (Leckner &
Zmeureanu, 2011). While the above research supports
the feasibility of simulating the life cycle energy and cost
for a house, especially in the operational phase, it can be
considered more useful to consider future trends
regarding the energy transition and improvement when
simulating the life cycle cost for ZEH for the medium

term and long term.

2.6 Scenarios regarding future energy transition
including the building sector

To understand the trends under climate transition and
the possible changes of relevant indicators in the future,
multiple climate scenario sets have been published.
Among them, certain sets are frequently referred to. The
International Energy Agency (IEA) regularly updates its
global energy scenarios, generated from the World
Energy Model (WEM) (after 2022, new versions will be
generated under a new model: Global Energy and
Climate (GEC)) (IEA, 2022). Each scenario is presented
alongside trends of indicators with regard to the global
climate transition. For example, the Net Zero Emissions
by 2050 Scenario (NZE)

energy-relevant factors if net zero greenhouse gas

illustrates the path of

emissions by 2050 is achieved. In the IEA scenarios,
indicators expressing the situation regarding energy in
the building sector are provided, such as final energy
efficiency and end-user energy price.

Besides IEA, the Network for Greening the Financial
System (NGFS) also publishes global scenarios related
to the climate transition. In comparison to the IEA
scenarios, NGFS’s scenarios do not just focus on the
energy perspective but also adopt integrated assessment
models (IAMs) to simulate interactions between different
sectors in society. Similarly, to IEA’s scenarios, the
NGFS scenarios also contain some variables to describe
changes in the building sector. In this research, relevant
variables from NGFS scenarios are adopted as inputs to
represent the circumstances regarding energy in the
context of households.

Some researchers have been conducted on
building-related simulations based on the above climate
transition scenarios. Steege & Vogel (2021) estimate the
change in real estate valuations due to future paths of
energy costs and the energy efficiency of buildings,

based on NGFS scenarios.
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3. Materials and Methods
3.1 Research framework

The purpose of this research is, first, to simulate the
operations-related energy consumption and emissions for
the lifespan of a ZEH, and second, to estimate the
differences in cost in energy consumption between a
ZEH and a conventional house in different periods. The
cumulative cash flow (CCF) method was adopted as the
of the

research method is shown in Figure 1. First, information

main method for this research. A flowchart

on the target ZEH is used as the input in this research,
including basic information and energy relevant factors.
Further, relevant scenario variables are used to adjust the
factors to follow future changes in climate transition.
After adjustments, the situation regarding the target ZEH
in a given year is generated, which can be used to make
comparisons with the average situation of the
the

consumption and the associated CO, emissions and cost

conventional house. Finally, avoided energy

difference can be calculated.
3.2 Input data of target ZEH

The input data related to the target ZEH are used as the

basis of simulation, as shown in Table 1.

Table 1 Input data list for the target ZEH

Category Data
Floor area
Basic information Electricity providing
company
Annual electrici
Energy relevant . vy
. X consumption
information -
Annual gas consumption
Renewable energy Annual solar energy
information generation

3.3 Variable adjustment based on future climate
transition scenarios

Variables derived from climate transition scenarios can
the of

social-economics and energy under certain possible

help us wunderstand changes in context
future pathways and can also be used to adjust the factors
relating to ZEH in the base year to fit the trends of
certain periods and scenario assumptions. In this research,
the Net Zero 2050 scenario from NGFS Phase 3 dataset
is adopted to illustrate the path of climate transition if net
zero emissions is to be achieved by 2050. The scenario
data is provided by year, therefore yearly adjustment data
can be generated. The variables from the NGFS scenario
adopted and the purposes therefor in this research are

listed in Table 2.

Figure 1 Flowchart of research
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Table 2 Variables from NGFS (2021) scenario
adopted

Variable Unit Purpose in this
research
Change of Change in To adjust energy
average energy | rate from efficiency of house
consumption basic year to fit the future
per unit area (%) scenario
Change in To adJUSt.
Change of grid | rate from engrg.y—assocmted
emission factor | base year emissions of house
to fit the future
(%) .
scenario
Chang in To adjust
Change of price | rate from | electricity-associated
of electricity base year cost of house to fit
(%) the future scenario
Change in To adjust
Change of price | rate from gas-associated cost
of gas base year of house to fit the
(%) future scenario
To calculate the
Risk free o, present value (PV)
interest rate of the total relevant
cost

For the adjusted energy consumption for the house in a
given year, the change amount from the base year is
assumed to be proportional to the factor “change of
average energy consumption per unit area”; therefore,
the adjusted energy consumption can be estimated via
Equations 1 and 2, respectively. Other energy relevant

variables are described in the next section.

Adjusted electricity consumption, =
Electricity consumptionsase vear X Change in average
energy consumption per unit area, --(eq. 1)
Adjusted natural gas consumption, =
Natural gas consumptionsase yesr X Change in average
energy consumption per unit area, --(eq. 2)
3.4 Estimation of energy-related emissions and
cost of house

Additional important information can be estimated by
combining the adjusted energy consumption data and
other parameters. First, the energy-associated CO;
emissions are calculated from energy consumption data
It that the

energy-associated CO, emissions from a house come

and emission factors. is assumed

mainly from the use of gas and electricity (this
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assumption might only be wvalid in certain regions).
Therefore, energy-associated CO, emissions from a
house are calculated as shown in Equation 3. As for the
energy-associated cost for a house, two aspects are
considered. The first is the cost directly charged due to
the consumption of energy, which is calculated by
multiplying the amount of energy consumption and the
price of energy in a given year, as shown in Equation 5.
The second is only considered for ZEH, which is the
earnings from selling renewable energy through the FIT
scheme. Earnings can the estimated by combining the
amount of electricity generated by a solar panel system
of a target ZEH and the renewable energy tariff under the
FIT regulation. Is this research, degradation of solar
panels is also factored in; this rate is set at 0.5%/year
according to previous research (Jordan. & Kurtz., 2013).
In addition, it is assumed there is no replacement of the
solar panels during the simulating period. In addition to
estimating the above values for a target ZEH, the
corresponding values for the average house in the same
region and size are generated. Then a comparison is

made to simulate the cost advantage for the ZEH.

Adjust energy related emission, =
Adjust gas usage, x emission factor of natural gas +

Adjust electricity usage, x grid emission factor, -- (eq. 3)

Energy related cost, =

Direct cost from energy usage, X Earnings from selling

renewable energy, -(eq. 4)

Direct cost from energy usage, =

Adjust electricity consumption, X electricity price, +

Adjusted natural gas consumption, X natural gas price,
--(eq. 5)

Earning from selling renewable energy, =

Amount of renewable energy generated, x Price of
renewable energy, = Amount of renewable energy
generatedpgse year X (1-degration rate,) x Price of

renewable energy, -- (eq. 6)
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4. Research Case
4.1 ZEH for case study

Information on the target ZEH for this study was
provided by a local construction company, Yabe Home.
The location of the target ZEH is Nagasaki, Kyushu
Prefecture of Japan, which has a relatively high capacity
for solar energy compared to other areas in Japan. The
target ZEH agrees with the standard for annual net zero
emissions through three features: the adoption of
building insulation to reduce demands for heating and
cooling devices; the use of energy-saving electric
appliances to further cut electricity consumption; and the
installation of a solar panel system to generate renewable
energy and offset the amount of household electricity
consumption. Input information of the target ZEH is
listed in Table 3. The base year of this case study was set
as 2022, and the period of research was set up to 2050

due to data limitations.

Table 3 Input information of the target ZEH (year of

data: 2021)
Category Data Value Unit
Floor area 110.13 m?
Basic Electricity Kyush.u
information providing Electric -
. Power
comping Co., INC.
Annual
Energy electricity 6378 kWh
relevant consumption
information Annual gas 0 o’
consumption
Renewable Annual solar
energy energy 7,941 kWh
information generation

4.2 Conventional house for comparison

To provide a comparison between the target ZEH and a
conventional house, information on a conventional house
regarding energy had to be obtained. In this research, the
household

consumption are adopted to estimate the average amount

regional average factors for energy

of energy consumption for the same type, size and region
of house as the target ZEH. The relevant factors and the

estimated value are shown in Table 4

- 33-

Table 4 Relevant factors of average household

energy consumption and estimated value of energy

consumption
Estimated
Floor value of
Factor Value corresponding
area
energy
consumption
Average
annual
- 46.45
electr1c1t.y Wh/m? 5,115.54
consumption
per unit area 110.13
Average m?
annual natural 719 pio1s
gas m3/m? '
consumption
per unit area

4.3 Setting of parameters
The relevant parameters which are used to calculate
information on Energy-related emission and cost in the

case study are shown in Table 5.

Table 5 Parameters and assumptions used in the

simulation
Parameter Value Source
E’ilré?ofrinnlf;s): 0.47 ton tragig:f;relcy
year CO/kWh report (2021)
Emission factor
. 54.87 ton
of natural gas in COy/ m? EPA (2022)
base year
Price of solar
energy under FIT |0 0 wwh | METI (2021)
scheme in base
year
D o eaeney Based on
scheme y exp
Floor price of
solar energy o
under FIT 11 yen /kWh | Nikkei (2018)
scheme
Price difference
between ZEH iy Based on
. 2-3 million . . .
and conventional en interview with
house in the y industry expert
research area
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5. Results and Discussion
5.1 Simulation of energy consumption

Using the method introduced in Chapter 4, the results of
simulation can be generated. First, Figures 2 and 3 show
the comparison between the target ZEH and the
conventional house with the same size in relation to their
consumption  and consumption,

electricity gas

respectively.

Figure 2 Simulation outcome of electricity
consumption for the target ZEH and conventional

house

Figure 3 Simulation outcome of gas consumption

for the target ZEH and conventional house
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Regarding electricity consumption, the base year
electricity consumption for the target ZEH is already
higher than the conventional house. Therefore, under the
assumption of the same trend in energy efficiency
improvement, the electricity consumption for both
houses would decline over time, but the target ZEH
would always be higher than the conventional house for
the whole simulation period.

In the end year of simulation, the annual electricity
consumption for the target ZEH reduces to 3,827 kWh,
whereas that of the conventional house is 3,070 kWh. On
the other hand, natural gas is not consumed in the target
ZEH, and thus a large gap exists between the two houses
over the whole period even though the annual gas
consumption of the conventional house would gradually
reduce to 145 m? by 2050 based on the trend of energy
efficiency improvement. The reason behind this outcome
is that the target ZEH adopts a fully electrified design
and therefore has zero gas consumption while higher

electricity consumption than average.

5.2 Simulation of associated CO, emissions
Figure 4 shows the trend of avoided CO, emissions

under the simulation, which is the difference of

energy-associated emission between the target ZEH and

the conventional house.

Figure 4 Simulation outcome of avoided CO»
emissions between the target ZEH and conventional

house
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As illustrated in the graph, the avoided emissions in
2022 is 2,396 tons, which is relatively high. This then
gradually drops to an ignorable amount by 2050. The
reason for the initially high avoided emissions is because
the target ZEH has reached a renewable electricity
amount that exceeds electricity consumption in the base
year (see Table 3), and since there is no natural gas used,
it has achieved zero CO, emissions. Therefore, compared
to the conventional house which represents the average
situation, there is a very large gap. On the other hand,
since the energy efficiency of houses and the grid
emissions factor are set to gradually improve under the
Net Zero 2050 scenario, the energy-associated emissions
would correspondingly reduce. From the period between
the base year (2022) and 2050, the total avoided CO-

emissions is 28,178 tons.

5.3 Simulation of cost saved from living in ZEH
The cost saved from the energy consumption difference
and FIT scheme during the research period is the main
outcome of this simulation. Figure 5 shows the total cost
saved from energy, and Figure 6 divides the total cost

saved into two energy types.

Figure 5 Total cost saved from energy consumption

Initially, the annual total cost saved is high due to the
relatively high cost for the conventional house and the
high earnings for the target ZEH from the FIT scheme. In
2022, the simulated earnings of the target ZEH from the

FIT scheme are 134,988 yen, while its cost from energy
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Figure 6 Cost saved from energy consumption by
energy type

consumption is 159,194 yen. Compared to the cost of
energy consumption for the conventional house, which is
197,334 yen, the cost saved is 173,128 yen. However, the
total cost saved declines over the long term, and this
trend comes about, as explained in last segment, due to
the lower energy consumption for the conventional house
(due to improvement in energy efficiency), but since the
energy efficiency also increases at the same pace, the
trend of the decline is not significant. Nevertheless, there
is a dramatic drop in cost saved by 2032. The value
drops by 162,645 yen by 2031 to 102,744 yen by 2032.
The reason for the drop is the expiry of the ensured price
under the FIT scheme (17 yen/kWh), whereupon the
price is renewed to 11 yen/kWh to fit the current price at
that time. As a result, earnings from the FIT scheme for
the target ZEH reduce from 128,923 yen by 2031 to
82,989 yen by 2032, and the cost saved also significantly
drops. For the present value, the inflation rate from the
Net Zero 2050 scenario is adopted to discount the annual
cost saved value. For the simulation period, the total
present value of cost saved is 3,098,942 yen. As can be
understood from Table 3, the price difference between
the ZEH and the conventional house in the research area,
Nagasaki Prefecture, is around 2 to 3 million yen. Based
on the research, earnings from the FIT scheme for the
target ZEH might have covered this additional price.
Adding up the subsidy for ZEH which is up to 1.4
million results in a positive financial benefit for living in

a ZEH for this research case. If the total life span of the
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target ZEH is longer than until 2050, the life cycle
financial benefit will increase. However, certain factors
need to be taken into consideration before concluding
that the live cycle cost of a ZEH is lower than that of a
conventional house. First, the geographical conditions of
the research area might have made it favorable for the
ZEH compared to other areas, such as regarding higher
solar insolation and lower demand for heating, thus this
result might not apply for other areas. Second, the policy
behind the FIT has high uncertainty, and the price of
renewables drops quickly in Japan. Therefore, even if the
ZEH enters into a contract one or two years later, the
ensured price of renewable energy would be lower by
around 4 yen, which leads to a significant reduction in

cost saved.

5.4 Conclusion

In this research, the cumulative cash flow (CCF) method
is adopted to construct a model to estimate the life cycle
cost saving by living in a ZEH, and to enable further
comparison of the total cost difference between a ZEH
and conventional house, which is used to represent the
average situation of a house under similar conditions. For
the case subject in this research, a ZEH in Nagasaki
Prefecture, Japan was selected as the target for
simulation, and is compared to the situation of a
the

realized from household energy

conventional house in Japan. The results show

high-cost saving
consumption, which is mainly generated from the sale of
renewable energy under the Japanese FIT scheme.
Nevertheless, the simulation also shows this source of
earnings has high uncertainty over the long term,
especially due to price changes after contract expiration.
From the perspective of the overall simulation period, the
total cost saved from energy consumption exceeds the
additional price of choosing the ZEH in the research
area; in other words, this means that after accounting for
the subsidy from the government, a financial benefit is
realized from living in the case study ZEH. Based on the
research, a method to estimate the coast saved from a
ZEH and a tool to enable comparison from a financial
perspective between a ZEH and conventional house were
established. However, room for improvement exists in
certain areas, which can be addressed through further
research in the future. First, specifying the exact life span

for a ZEH would be beneficial, since under the research
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case the research period only extends to 2050 due to the
lack of data on the life span of the target ZEH and the
scenario data beyond 2050. If the life span could be
determined, the output of this research would be more
meaningful since the final cost saved for such life span
could be generated. Second, further aspects concerning
solar energy generation need to be considered. To be
more specific, two issue could be supplemented for the
model: (a) the maintenance and replacement of solar
panels as well as associated cost, and (b) climate change,
and how this would affect the amount of solar energy
generated in the future scenario. Through consideration
of these additional factors the results obtained through
use of this model could be made more realistic and

accurate.
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