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interview with some fish farmers in Tugu Sub-district
said that the conversion of rice fields into fish ponds
during 1991-2011 and 2011-2019 of 381.16ha and
82.28ha, respectively caused by fish pond preference,
and saltwater intrusion. The mangrove area was
increased to 195.45ha from 1991 to 2019 in Tugu Sub-
district. This was due to the community awareness in
coastal protection, as well as many coastal
rehabilitation programs by governments and NGOs.

Fig. 4. Land use conversion at Semarang Municipality from
1991 to 2019

Fig. 5. Land use conversion at Demak Regency from 1991 to
2019

In Demak Regency, the land use change can be
seen in the category of fish pond, rice field, and
mangrove. Fish pond area had been increased about
4561.26ha from 1991 to 2019. The rice field was
decreased 8445.98ha in the same period. This is due to
the land use conversion into fish ponds, 5220.10ha
from 1991 to 2011 and 1609ha from 2011 to 2019.

A large scale of land use conversion from rice
field to fish pond had occurred since 1980s with
economic reasons. Also, the rice field inundated by sea
water due to sea level rise and land subsidence that
resulted in conversion. The increase of mangroves
area is 440.32ha from 1991 to 2019, and this is due to

the people’s awareness of their environment
conservation.

3.3 Implication on spatial planning

Fig. 6 and Fig. 7 show the suitability maps of the
actual land use based on current spatial planning
document in Semarang Municipality and Demak
Regency, respectively. The maps were drawn by
regarding both the actual land use and how to use land
in future.

Fig. 6. Suitability map of actual land use based on current
spatial planning document in Semarang Municipality

Fig. 7. Suitability map of actual land use based on current
spatial planning document in Demak Regency

Table-5 and table-6 show the unsuitability of land
use in comparison with the current spatial planning
document due to shoreline change.

Table-5. Unsuitability of land use in comparison with the
current spatial planning document in Semarang Municipality

Category of land use in Area Percentage
spatial planning (ha) (%)
Industry 233.21 15.52
Fisheries 197.68 13.15
Agriculture 0.58 0.04
Trade and services 9.33 0.62
Settlement 110.82 7.37
Tourism 319.96 21.29
Transportation 274.36 18.25
Road plan 27.58 1.83
Local conservation 142.65 9.49
Protected conservation 125.73 8.37
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Table-6. Unsuitability of land use in comparison with the
current spatial planning document in Demak Regency

Category of land use Area Percentage
in spatial planning (ha) (%)
Horticulture 1.48 0.05
Industry 2130.64 77.14
Fisheries 136.48 4.94
Settlement 182.17 6.60
Beach buffer zone 224 8.11
River buffer zone 32.95 1.19
River 54.24 1.96

The discrepancy of the land use can be seen
between actual land use and the land use described in
the current spatial planning document. In Semarang
Municipality, 59.09% of the actual land use matches
the land use described in the current spatial planning
document. In Demak Regency, 66.71% of the actual
land use matches the current spatial planning.

The significant shoreline changes in both regions
generated the inconsistency of the land use., In Tugu,
Semarang Utara, and Genuk Sub-districts in Semarang
Municipality, the land use categories in industrial,
fisheries, tourism, local conservation, transportation,
and protected conservation areas showed larger rate.
The land use for fisheries, industrial, and tourism were
affected by 197.68ha, 233.21ha, and 319.96ha. The
protected conservation areas along the coastline was
also affected 125.73ha. Tanjung Mas Port and Ahmad
Yani Airport Semarang indicated 274.36ha due to
their development.

In Demak Regency, Sayung Sub-district had
impacted 2130.64ha by industrial development. The
coastal buffer zone and fisheries zone were affected
about 224ha, and 136.48ha, these occupied the largest
portion of land use inconsistency in Sayung and
Wedung Sub-districts.

The reason of above land use changes was spread
to improve the economy in those areas. For example,
increase of regional income, provide prosperity of
coastal communities, and increase of business
opportunity. The coastal development to achieve
above purposes generates the inconsistency of land use
condition. Furthermore, some of the urban villages in
Semarang and Demak were determined as the
Environmental Services Center, such as Mangunharjo
Village (Tugu Sub-district), Terboyo Wetan Village
(Genuk Sub-district), and Gemulak Village (Sayung
Sub-district), to serve economic activities in sub-
district scale. The threat of shoreline changes will
affect the optimization of the environmental services
in these regions.

3.4 Strategic direction of coastal spatial planning

To formulate the strategic direction for the policy
of coastal spatial planning, SWOT analysis was used
to identify various factors that should be included in
the policy. The strategic direction covers four

dimensions of sustainable development, including
technical-ecological, socio-economic-cultural, socio-

political, law and institution aspects (See Table-7).

Table-7. Identification of Strengths, Weaknesses, Opportunities,
and Threats elements

Ecological Socio- Socio-politic Law and
economic- Institution
cultural
S: S: : S:
land potential coastal stakeholders Semarang and
for fish pond community involvement Demak regional
allocation, awareness to in coastal spatial planning
settlement, shoreline spatial documents
industry, and protection planning
conservation
W: W: W: W:
high rate of budget there is no ineffectiveness
shoreline constraints mechanism of spatial
changes to coastal for planning
protection stakeholders documents
involvement
O: O: O: O:
Semarang and strong Law Number Presidential
Demak as support in 23 Year 2014 Regulation
National coastal On Local Number 78 Year
Strategic Area | management | Government | 2017 On Spatial
program Planning For
Urban Area of
Kendal, Demak,
Ungaran,
Salatiga,
Semarang, and
Purwodadi
(Kedungsepur)
T: T: : T:
natural high in sectoral and no regulations
phenomena demand for regional ego related legally
and human coastal land agreed shoreline
activity use

Table-8. Grand strategy formulation of SWOT elements

Strengths Weaknesses
Opportunities SO: WO:

1. Implementation of 1. As National
integrated coastal Strategic Area, the
spatial planning, and development
active involvement focused to open
of all relevant opportunities for
stakeholders; private investors,

2. Space allocation for and conservations;
fish pond, 2.Provide
conservation, participation, and
settlement, and control mechanisms
industry which for stakeholders in
integrated into the coastal spatial
regional spatial planning;
planning document;

Threats ST: WT:

1. The use of legally 1. As National

agreed shoreline in
regional spatial
planning documents
to avoid conflicts
between activities

demand for coastal
land use, and
irresponsible
development;

Strategic Area is
expected to solve
budget constraints,
global climate
change, and the high

and regions; needs of coastal
2. Regional land;
governments 2. Provide an
coordination in integrated
anticipating global mechanism for
climate change, high stakeholder

participation to
reduce sectoral and
regional egos;

3. Law establishment
on the use of legally
agreed shoreline.

Table-8 shows the process of arranging SWOT
elements by cross technique of the four factors to
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formulate grand strategy. Base on the Table-8, the
functional strategy will be formulated to generate final
strategies?®. This study leads following main aspects,
from (1) to (5), to conclude the strategic direction of
spatial planning in study area.

(1) Legal aspect:

1) Development of integrated coastal spatial
planning model and active stakeholder
engagement refer to the Kedungsepur (Kendal,
Demak, Ungaran, Salatiga, Semarang, and
Purwodadi) Spatial Planning.

2) Establish a law that treats the ownership of the
lost land by the shoreline change.

3) Establish a policy that facilitates a license for
investors who prioritize the environment.

4)Recommend to the central government to
establish a new policy that relates to a legally
agreed shoreline in regional spatial planning.

(2) Physical aspect:

1) Allocation of coastal area for various
development purposes (fish pond, settlement,
industry, and conservation) which integrated
into the City of Semarang and Demak Regency
Spatial Planning Documents, and consistently
implemented with the clear support of rules to
avoid conflict.

2) Provide facilities and infrastructures for coastal
protection against disasters.

(3) Institutional aspect:

Provide a transparent mechanism for the
regional government, and stakeholder in
participation and supervision towards Regional
Spatial Planning Documents implementation, in
anticipating global climate change, also avoid
conflict of sectoral and regional activities, and egos.

(4) Socio-cultural aspect:

Provide a coastal community agency to
accommodate  coordination  between  the
government and the coastal community in deal
with  conservation programs, environmental
sustainability, environment awareness campaign,
and the future risk in coastal area.

(5) Financing aspect:

As national strategic area, it is expected to
become primary priority in budgeting, and to open
investment opportunities for the private sectors to
attract funding, especially in order to develop and
protect the coastal area of Semarang Municipality
and Demak Regency.

The main aspects of legal, physic, institutional,
socio-cultural, and financing play an important role to
identify the specific strategy. The strategic direction of
the spatial planning on coastal area can be derived as
items listed in above main aspects. The direction is
including the integration of sectors between land,
coastal and marine, integration of stakeholders and
coastal administrative. Also, it is including preparation
of integrated spatial management mechanisms,

environmental conservation, coastal community
empowerment, budgeting, legally agreed shoreline,
resolution of land status problems, and law
enforcement. These strategic directions are expected
to be included in the next spatial planning to optimize
the current plan.

4. CONCLUSIONS

This study identified the shoreline changes in the
coastal areas of Semarang Municipality and Demak
Regency from 1991 to 2019. The results indicate a
large shoreline change along the coastal areas of
Semarang Municipality and Demak Regency.

The shoreline changes affected the land use
conversion in study area. The actual land use showed
the significant inconsistency with the land use that was
defined in the current spatial planning document. The
shoreline changes were caused by many coastal
developments that were required from some sectors to
facilitate their economic growth. This indicated the
necessity of strategic direction for an appropriate
coastal land use planning.

This study conducted SWOT analysis to show the
strategic direction for the appropriate land use on
coastal area. Five main aspects were derived in this
study, and formulated the items of recommendation
for the strategic direction of spatial planning in study
area.
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Learning Outcomes of “Introductory Studying-abroad”
for Engineering Students

Noriko KAWASAKI

Abstract

This paper examines the results of Introductory Studying-abroad, an elective subject for undergraduates
of the Faculty of Engineering. In the subject, students take part in the short-term study abroad program at
overseas partner universities with a focus on development of humanity, sociality and global awareness, and
improvement of English communication skills. The subject has gained a foothold in the bachelor degree
program of the Faculty of Engineering after 6-time implementation since fiscal year 2014. Introducing the
subject has produced different learning outcomes, which are recognized as change in awareness and behavior
modification of the participants. The author, therefore, tries to clearly specify the learning outcomes by
quoting words and deeds of students who took the subject.
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Analysis of Relationship between Reactor Temperature and
Power Consumption on Methane Production System

ThetHtar SWE®, SoeHtet WAIY, Ryoya YOSHIMURA®, Yasuyuki OTAY, Kensuke
NISHIOKA®

Abstract

Natural gas (methane) is a lower cost option and can apply in industrial sector. It can save energy and affect in
both economic and environmental factors. Methane (CH4) Production by combining Hydrogen (H2) from water (H20)
by electrolysis method and carbon dioxide (CO:2) from outer source has been an innovative technology for decades.
There are two major theoretical and conceptual frame work for Power-to-Gas (P2G) technology. The first one is water
electrolysis method and the other is Sabatier Process with two fixed bed reactors. Previous work in University of
Miyazaki was examined and pursue a new method by changing reactor temperatures and using gas chromatography
machine to achieve high methane concentration. In this study, a number of significant contributions to power
consumption was revealed. After a series of experiments, it was found that 97.51% of methane concentration at
temperature 180°C and 260°C for reactor 1 and reactor 2 for 4 hours operating time.

Keywords: P2G technology, Water electrolysis, Sabatier process, Photovoltaic, Methane, Hydrogen

1. INTRODUCTION

In recent years, all nations from all over the world
are trying to keep the raise in global temperature that
was happened from several sectors including carbon
emission. Basically, all synthetic products we use
every day are by burning fossil fuels. Carbon dioxide
is released and we are rapidly warming up the earth.
To deal with the impact of climate change, many
developing countries are also encouraged to sign in
their agreement and cooperate the rules and
regulations in Global Climate Action Agenda.

Generally, it can be seen that decarburization has
become a mainstream topic for the energy industry
since natural gas has the lowest carbon dioxide
emissions among fossil fuels"). Therefore, to replace
fossil fuels by sustainable resources for example
renewable electricity and to store large scale of its
energy for instance in summer to be able to use in
winter, we use CO and sustainably produce electricity
with hydrogen that is produced by splitting water.

Power to fuel system can satisfy the increased
demand of decarbonized energy and also is very useful
in the transport system. In the P2G technology, the
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promising energy carrier is hydrogen as it can be easily
produced by electrolysis of water?. Further conversion
of hydrogen to methane by CO, from outer source has
done with thermal reactors.

The challenging problem which arises in this
domain is choosing the best reactor and catalyst to
outcome high methane concentration efficiency. Since
the methanation process is an extremely exothermic
reaction, an effective method of temperature
management is to control the reactor inlet gas stream;
this may cause undesired energy losses. In addition,
heat management in a fixed-bed reactor may be
difficult. Therefore, in order to manipulate the reactor
with temperature controlling medium system, at least
two reactors are needed to connect in series for good
control of reaction temperature in a fixed bed reactor
to maximize the CHs generation®. Further major point
is that Ni-ZrO> is an active Ni-based catalyst for CO»
methanation as a result of enhanced Ni dispersion
resulting from the presence of Zr. The other
advantages of this are of its low cost, highest activity,
and highest selectivity for methane formation. In all
cases, a catalyst is required that is capable of
increasing reaction rates within the temperature range
0f 25°C to 500°C?.

In this study, we investigate methods for
improving methane conversion efficiency and solar-
to-methane (StM) efficiency. Therefore, we changed
the temperature of both reactors and analyzed. After
that, to calculate the methane concentration, we used
gas  chromatography to  measure  methane
concentration. It has significant benefits while
evaluating the efficiency.

On the other hand, power consumption is also
vital in response to the challenges of the increasingly
prominent problems such as climate change and
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environmental pollution, which severely threaten
human society and development. This study will
compare the power consumption by utilizing low
reactor temperature and high reactor temperature.
Only 0.156 kWh in 4 hour operating time for both
reactors was needed and higher methane concentration
was achieved. This has particular advantages over
other systems. In power consumption section, the
relationship between methane concentration and
power consumption will be demonstrated.

2. Related Work

The former researchers evaluated the Sabatier
reaction utilizing hydrogen produced by concentrator
photovoltaic (CPV) modules and used quadrupole
mass spectrometer (QMS) to measure methane
concentration. They used an established technique,
namely solar-to-hydrogen (StH) conversion system to
analyze its efficiency with the performance of CPV
modules. At University of Miyazaki, three highly
efficient CPV modules were installed and connected
in parallel with four sets of DC/DC converters and EC
cells. Sunlight was converted to electricity by CPV
modules and was supplied to EC cells®*.

For the current work, in order to point out PtG
technology with different reactors temperatures,
power supply was utilized instead of using
photovoltaic modules while measuring the
composition of methane with different components of
reactants. After then, utilizing CPV modules, methane
production was analyzed with variable of reactors
temperature. In this study, we used gas
chromatography (GC; GC 7100, J-Science) to measure
methane concentration. It has significant benefits
while evaluating the concentration efficiency. The
results were more accurate.

3. Experimental Procedure

Figure 1 shows the summary of StM process.
Firstly, photovoltaic modules collect the sun light and
convert them into electricity. The power supply to
electrochemical (EC) cells was performed by using 4
DC/DC converters which was connected in parallel
with 4 EC cells. DC/DC converters convert lower DC
voltage into higher levels by storing the input energy
and then releasing into the output at a higher voltage
level. EC cells generate hydrogen by chemical
reactions. Water was split electrochemically into H»
and O». Two reactions occurred and the anode reaction
is oxygen evolution reaction. The water was oxidized
to oxygen. At the cathode reaction, hydrogen
evolution reaction was taken placed. They are shown
in equations (1) and (2)°.

2H,0 —> O, +4H" e (1)
AH +4e —p 2, )

[ sun Light )

‘ 3 Concentrator Photovoltaics (solar collector) ’

|

‘ 4 DC/DC Converters + 4 EC cells

‘ Water Electrolysis ’
+ N
U

A

Fig. 1. Flow chat of the summary of Solar-to-Methane
conversion process.

The next step is Sabatier process. Methane
can be obtained by the following exothermic reaction.

CO; + 4H,—» CH4 + 2H>O AH =-165 kJ/mol (3)

The stoichiometric ratio of CO, and Hy is 1:4%9),
To investigate this statistically, we changed 0.02 point
of CO; in every 30 min interval measurements to
achieve the highest methane concentration at 260°C of
each reactor. The evolved hydrogen from Polymer
Electrolyte Membrane (PEM) electrolysis method was
filtered with dryer (silica gel) and dry pure gas was put
into the reactors. At that time, CO, was introduced
from the outside source. Reaction was occurred in
Reactor 1 first, and then, the unreacted gas flew
through to the reactor 2.
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Consequently, since the Sabatier process is an
exothermic reaction, it is limited by the
thermodynamic  equilibrium.  Typically, lower
temperatures from 250°C to 400°C is desirable for
higher methane selectivity”. In this study, we set the
reactor temperatures as shown in table 1 in order to get
higher reaction rate from reactor 2 to product higher
concentration of CHa.

Table 1. Reactor temperature set.

Reactor 1 Reactor 2
temperature temperature
(°C) (°C)
Low temp_erature 180 260
condition
High temperature 260 260
condition

As catalyst effects the product yield®, Ni/ Y-
doped ZrO, catalyst which support the reaction
activity was utilized. Firstly, the two gases were feed
into the reactors and they diffused in the catalyst. And
then, the reactants, the left side of equation (3), are
absorbed on an active site. Hydrogen molecules and
carbon dioxide molecules have been absorbed and
they undergo the Sabatier reaction. After that, they
desorb from the catalyst surface as methane molecules
and diffuse out to leave the catalyst”. Moreover, N,
gas is used as gas carrier in methanation system and it
also performed as cleaning process to refresh the
system after the experiments were finished.

To analyze the amount of methane composition,
we used an established technique, namely gas
chromatography (GC) as shown in figure 3. It is a
common type of chromatography used in analytical
chemistry for separating and analyzing compounds.
By utilizing it, the relative amount of components can
be determined. Firstly, standard gases were allowed to
pass through the system and determined. Argon (Ar)
is used as carrier gas. And then, mixed elements are
separated into single elements while being carried out
by Ar gas. In interface section, carrier gas was
removed and elements were lead to ion source and
formed into ions, accelerated and sent to analysis
section. Finally, detector catch and name the quantity
of compounds.

In our research, the produced gases were
analyzed in every 30 min interval time for 4 hours.

Fig. 3. Gas Chromatography.

4. ANALYSIS AND RESULTS

To determine the highest methane concentration
yield, we analyze the different stoichiometric ratio. As
shown in figure 4, 0.92: 4 ratio of CO,: H, was the best
efficiency outcome. Accordingly, the later
experiments were done with this proportion.
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Fig. 4. Different stoichiometric ratio of CO2 and Ha.

We carried out on June 22, 2020 (low-
temperature condition) and June 23, 2020 (high-
temperature condition) to evaluate the methane
production and to measure the power consumption of
reactors under actual outdoor conditions. The normal
direct irradiance (DNI), which was converted to
electricity by using the CPV module, was stable in
two-days as shown in figure 5. The StM system was
operated between 10:00 a.m. and 2:00 p.m.

1.2

rE 11} — 2020622
—2020/6/23

E 1.0} LT
£ 09 "sﬁﬁ%::w:_:
z

0.8}
a

0.7¢

6
10:00  11:00 12:00 13:00 14:00
Time (hh:mm)
Fig. 5. DNI during the experimental period.
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Figure 6 shows the concentration of (a) CHa, (b)
H; and (c) CO; on different reactors temperature
conditions. Methane concentration declined during
system operation (as shown in figure 6 (a)) when
hydrogen concentration was increased and carbon
dioxide concentration was reduced.
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Fig. 6. Concentration of (a) CH4, (b) H2 and (c) CO2 on
different reactors temperature.

Figure 7 shows the time dependence on surface
temperature (Tsurface) Of reactors 1 and 2. The dot lines
are also shown in the target temperature. By
comparing the two-days data of reactors changed, it
can be seen that in figure 7 (a) 180°C of reactor 1 and
260°C of reactor 2, temperature of reactor 1 was
reached 180°C at aboutl0 am and then raised over
300°C. It was because the catalyst action released heat
and surface temperature is increased. At that time,
reactor 2 temperature was firstly increased over
targeted temperature 260°C and then, maintained at
the setting temperature. For Figure 7 (b) 260°C for

both reactors, the reactor 2 temperature was stable and
reactor 1 was nearly the same with the former one.

(a) Low-temperature condition
400

300

200

Tsurfnce (OC)

Reactor 1

100

Reactor 2

10:00  11:00  12:00 13:00 14:00
Time (hh:mm)

(b) High-temperature condition
400

300

200

\

Reactor 1

Tsurfﬂce (OC)

100

Reactor 2

10:00 11:00 12:00 13:00 14:00
Time (hh:mm)
Fig. 7. Time dependence on surface temperature (7surface) Of
reactors 1 and 2.

Aside from that, we examined the various
temperature effects. The key point of the adjustment in
temperature is that to get lower power consumption
with high methane concentration. Furthermore, high
feed temperatures will effect in reactor overheating,
negatively resulting product distribution of the
exothermic Sabatier reaction process!'?.

Therefore, the other fact such as fluctuations of
temperature are unavoidable in operating time. Figure
8 shows the relationship between reactors temperature
and its power consumption. It has significant benefit
on lowering temperature of reactor 1. Not only the
total power consumption of reactors was low, but also
the higher methane concentration was achieved as
shown in table 2.

= 0.20
B Low-temperature condition
s 50.]5_ —— High-temperature condition
z
g §
S = 0.10
= =
£ g
= a 0.05f
=
(=]
< 0.00

10:00 11:00 12:00 13:00 14:00
Time (hh:mm)
Fig. 8. The relationship between reactors temperature and its

power consumption.
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Table 2. Effect of power consumption depending reactor on
temperature

Power Consumption Total Power

. Consumption
Date Time

Reactor 1 Reactor 2 of reactors
(kWh) (kWh) (KWh)
2020.06.22 | 10 am to
2 pm 0.031 0.125 0.156
2020.06.23 10 am to
0.028 0.133 0.161

2 pm

The assumption of the above mentioned table
is supported by the fact that methane concentration
reached at maximum peak with 97.51% when we
utilized the lower reactor 1 temperature with 180°C.
Moreover, the power consumption was also obtained
lower when comparing the result of using 260°C for
both reactors. On the flip side, solar to methane
efficiency (nsai) can be defined as the following
equation (4)%.

|AH?| X amount of CH, &)
Nstm =

EDNI + Ereactors

where AH® = -802 kJ/mol, the integrated irradiance is
defined as Epni and Ereaciors 18 €Xpressed as the energy
consumed by the reactors in the methanation system?.
Therefore, it can be seen that, StM efficiency increase
when the electrical energy is reduced in case of low
temperature reactor.

5. CONCLUSION

Overall, our results demonstrate a strong effect of
the best outcome methane concentration 97.51 % at
0.92: 4 ratio of carbon dioxide and hydrogen, which
was produced by electrolysis method by the Sabatier
reaction at the temperature of 180°C and 260°C from
reactor 1 and 2 respectively. Power consumption of
reactors was analyzed and it can be seen that the results

are outstanding. Higher methane concentration with
lower power consumption was achieved.
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Examination of the optimum temperature measurement point
considering the temperature distribution in the outdoor PV array

Michiyuki MAEDA, Kensuke NISHIOKA

Abstract

Accurate temperature measurements of each of the photovoltaic (PV) modules in an array, the entire PV

array, and the power generation system are crucial.

In this study, we have established a temperature measurement

protocol for the PV array. It was observed that the temperature at the center of the array was closest to the average
temperature regardless of the measurement period and weather conditions; thus, it can be considered as the unbiased
and robust representative temperature for the PV array. Moreover, lower irradiance conditions are better for accurate

and repeatable PV module temperature measurements.
Keywords:
distribution; Representative temperature
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(b) Distribution of temperature difference from PV array average temperature (AT)
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Examination of solar cell module temperature measurement
method to realize the minimum error

Michiyuki MAEDA, Kensuke NISHIOKA

Abstract

Instead of measuring the backsheet temperature, the temperature of the solar cell in a PV module structure
should be known because the solar cell temperature determines the temperature characteristics of the PV module. As
the backsheet temperature is easily obtained, it is generally used as the module temperature; however, it is significantly
affected by wind and does not accurately indicate the solar cell temperature inside the PV module. By covering a
thermocouple for measuring the backsheet temperature with a polyethylene foam, the effect of wind on the measured

temperature can be suppressed significantly.
Keywords:
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