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Abstract: We demonstrated that a green campus initiative can reduce the carbon footprint of a
university and improve the disaster resilience of the local community. A project sustainability
assessment framework was structured to support the initiative. First, an on-campus solar photovoltaic
(PV) system was designed. The project performance in terms of financial cost and greenhouse gas
(GHG) emissions was assessed using life cycle cost analysis (LCC) and a life cycle assessment (LCA),
respectively. Then, we explored the incorporation of positive social impacts on the local community
in the context of natural disaster-prone Japan. Indicators for improving the disaster resilience of the
residents were defined based on the Sendai Framework. Our results showed that the proposed solar
PV system could provide an electricity self-sufficiency rate of 31% for the campus. Greenhouse gas
emissions of 0.0811 kg CO;-eq/kWh would decrease the annual emissions from campus electricity
use by 27%. Considering the substituted daytime electricity purchase, a payback period of 12.9 years
was achievable. This solar PV system could serve as an emergency power source to 4666-8454 nearby
residents and 8532 smart city residents. This external effect would encourage stakeholders like local
government and developers to participate in the project.

Keywords: project sustainability assessment; LCA; LCC; solar photovoltaic; renewable energy system;
green campus; external effect; disaster resilience; Sendai Framework

1. Introduction

Universities often play leading roles in society. Recent growing concerns about climate change
has been putting pressure on campuses to improve their environmental sustainability, also known as
the green campus movement [1,2]. A priority of the movement is to reduce the carbon footprint of
campuses. Although energy savings measures can be implemented, the electricity demand of research
facilities tends to be large and unavoidable. Substituting fossil fuel-based electricity with localized
renewable energy such as solar photovoltaic (PV) power represents a potential solution for reducing
the carbon footprint without compromising the functionality of campuses.

Transitioning to an on-campus renewable energy system requires enough funding as well as policy
support backed by a scientifically sound assessment. Life cycle sustainability assessment tools [3]
can inform decision making in an interdisciplinary setting. For instance, the project carbon footprint
and financial cost can be evaluated using established methodologies such as the life cycle assessment
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(LCA) [4] and life cycle cost analysis (LCC) [5], respectively. The social impact, however, is often
difficult to assess, and the relevant stakeholders are difficult to identify. This is because social impact
is usually treated as an external effect to the project as the prospective impact on the community is
beyond the original intention. In this study, we attempted to incorporate such external effects into our
assessment framework, reflecting the broader implication of renewable energy in the Japanese context.

Japan is a country prone to natural disasters such as earthquakes, tsunamis, and typhoons.
These disasters cause stoppage of the power supply and disruptions to society. For instance, during the
widely known 311 Tohoku Earthquake, millions of citizens across the Kanto area of Japan experienced
blackouts for as long as seven days due to the shutdown of the grid-connected Fukushima Nuclear
Power Plant [6]. It is therefore important for Japan to be prepared and to mitigate the disruption to
society in times of disaster [7]. For a local community, building an alternative renewable energy system
is a promising countermeasure to improve energy security and disaster resilience.

Following the above context, this study investigated a green campus initiative that showcased
a megawatt-scale on-campus solar PV system. The main objective was to demonstrate a project
sustainability assessment framework that assesses not only the carbon footprint and life cycle cost of
the project, but also the external effect on the local community from a disaster resilience perspective.
We highlight that the latter part of the assessment is especially meaningful in practical decision making
as it widens the scope of stakeholders, subsequently drawing more support for the implementation of
the project.

2. Materials and Methods

The green campus initiative is a students’ proposal from the “Global Field Exercise” at the
University of Tokyo. The course requires graduate students to conduct site surveys and propose
solutions to improve sustainability in a chosen local community. Here, the Kashiwa Campus and
its neighborhood including an on-going township development project, Kashiwanoha Smart City,
were studied.

e The Kashiwa Campus is one of the new campuses of the University of Tokyo. It was established
around 2000 and consists of ten graduate schools and research institutes. Apart from classroom
usage, intensive electricity consumption was observed in laboratory activities, including the
operation of super computers. A goal to cut the campus CO, emissions by 50% at 2030 relative to
the level of 2012 was set in an action plan, known as the Todai Sustainable Campus Project [8].

e  The neighborhood of Kashiwa Campus is composed of industrial sites, a recreational park, and a
residential area (see Supplementary Materials: Figure S1) [9]. In addition, Kashiwanoha Smart
City is located approximately 2 km from the campus. The smart city has an area of 127,000 m? and
has a plan to expand to 3 million m? by 2030 [10]. This ambitious project is led by a domestically
reputed real estate developer, Mitsui Fudosan; the University of Tokyo is involved as an academic
partner in different stages of the development plan.

An important feature of the smart city is the installed smart grid system that consists of several
small-scale wind and solar generation facilities and two stationery battery energy storage systems.
The current capacity of the wind and solar power is trivial due to the limited space for installation.
The battery storage saves energy costs by following an energy arbitrage strategy that stores low-price
nighttime electricity for daytime use [11]. A portion of the energy storage is dedicated to emergency
power in case of power outages.

The proposed solar PV system leveraged the abundant spaces available at the campus to achieve
a megawatt-scale generation capacity. The solar power plant can then be connected to the smart city
grid to enhance the emergency power system. Guided by the broad Sustainable Development Goals
(SDGs) [12], the solar PV introduction would contribute to the increase of renewable energy in the
energy mix (SDG 7). An external effect that would spill over into the community is the reduction of
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damages or losses caused by the disruption of the centralized grid system. This improves the resilience
of the city in face of disaster, thereby contributing to SDG 11.

Figure 1 shows the project sustainability assessment framework applied in this study. At the project
level, the solar PV system was designed based on the energy demand and supply simulation. Then,
the life cycle cost analysis and life cycle greenhouse gas (GHG) emissions assessments were conducted
to assess the project performance. Beyond the project level, we investigated the project’s external
effects based on the United Nations Sendai Framework for Disaster Risk Reduction 2015-2030 [13].

Project Sustainability Assessment Framework

Project Level Project External Effect

2.1 Project design
» Energy demand estimation
» Energy supply simulation

2.3 Disaster resilience improvement
(based on Sendai Framework)
* Quantitative indicators:
benefited residents estimation
* Qualitative discussion:
stakeholders’ role identification

2.2 Project assessment
 Life cycle cost analysis
+ Life cycle GHG emissions

assessment
SDG 7: Renewable Energy | | SDG 11: Resilient ity

Figure 1. An overview of the project sustainability assessment framework. The project-level aspects
show the design, financial feasibility, and environmental performance; the project’s external effects show
the disaster resilience improvement of the local community. SDG = Sustainable Development Goals.

2.1. Design of the On-Campus Solar Photovoltaic System

The project was designed to generate solar power to partially fulfill the energy demand of the
campus. First, the hourly energy demand was estimated. Then, the hourly solar energy supply was
simulated. The designed capacity was determined at the point where maximum solar irradiance
occurred, i.e., 632 W/m? from 12:00 to 13:00 in the spring season. The designed capacity was capped at
the average energy demand during the designated time. The idea was to ensure that the solar power
supply will not exceed the energy demand. Therefore, we could avoid solar power curtailment or
energy wastage. This assumed that insufficient power was still being drawn from the existing electrical
grid, and no energy storage system was installed because of cost considerations.

For the estimation of energy demand, campus-wide electricity consumption in year 2017 was
selected as a reference. We assumed the energy demand was constant to simplify the preliminary
design. We did not account for the future expansion of campus facilities. We collected data from the
Todai Sustainable Campus Project [8], which provides a real-time monitoring of electricity usage in the
campus since April 2008. Figure S2 (see Supplementary Materials: Figure S2) illustrates the campus
electricity usage in an hourly electricity consumption manner following the changes in four seasons.

We used Equation (1) to simulate energy supply from the designed solar panels on an hourly
basis [14].

szlanFtemePianFuther (1)

where Pyy is the electricity produced, I is the hourly solar irradiance (W/m?), 1 is the conversion
efficiency of the solar panel, and Fremp, Fino, and Foger are the efficiencies of the temperature, inverter,
and other factors, respectively.

We collected the reference for I from the local meteorological station (see Supplementary Materials:
Table S1) [15]; n from a major Japanese solar panel producer, Sharp Corporation [16]; Ftemp, Fino,
and F,r from the literature investigating relevant issues in Japan [14]. Table 1 summarizes the
parameters applied to the simulation.
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Table 1. Parameters for simulating hourly solar power generation.

Parameter Symbol Value
Conversion efficiency n 15.5%
Ftemp, sping, autumn 85%
Efficiency of temperature Ftemp, summer 80%
F temp, winter 90%
Efficiency of inverter Fino 95%
Efficiency of other factors Fother 95%

For the designed capacity of the solar PV system, we assumed the potential hourly solar energy
supply, Py, in the noon during spring matched the average campus electricity demand at the time.
Then, we obtained the required active surface area of the solar panels. Following the assumption in
Reference [17], we assumed that a solar panel surface of 3 kW, required 20.3 m?. We then calculated
the peak power supply, kW, of the PV system using this ratio.

We considered the degradation of the solar panels due to the fact of normal wear and tear.
Equation (2) shows the calculation of electricity generation (E;) at year ¢ [18].

E;=Eyx(1-d)t (2)

where E is the initial annual electricity generation and 4 is the degradation rate. We assumed a 0.8%
annual degradation rate which was within the typical range [18]. The operating period of the solar
panels was assumed to be 30 years.

2.2. Assessment of the Solar Photovoltaic System

A renewable energy project often involves an intensive initial investment and a subsequent
payback over a longer period. To objectively evaluate the cost and GHG emissions, we conducted the
assessments from a project life cycle perspective.

2.2.1. Life Cycle Cost Analysis

Life cycle cost estimates and monitoring the costs of a project are done by accounting for the
contributions from all product stages. Following the International Renewable Energy Agency [19],
we calculated the total cost of the solar PV project (Cyt,) using Equations (3) and (4).

Ctotul = Cinstulled + COM (3)

Cintstalled = CBoS + Cmod + Cinv (4)

where Cjygia104 is the initial installation cost that consists of the balance of system (Cp,s), PV modules
(Cinoa), and inverters (Cjyy); Copm is the operation and maintenance cost.

We collected secondary data from the International Renewable Energy Agency [19]. The Cppg and
Cnoq for utility-scale solar power plants in Japan are available in the report. The C;,, and Cpps were
estimated from a global average dataset [19] and a source from the United States [18], respectively.
Table 2 summarizes the cost factors for setting up a one kW unit of a solar PV plant applied in this
study. Table S2 (see Supplementary Materials: Table 52) breakdowns the cost of the balance of system,
which includes hardware, installation, and soft costs.



Sustainability 2019, 11, 5786 50f 13

Table 2. Cost factors of the utility-scale solar photovoltaic (PV) project applied in this study [19].

Cost Components Amount Unit
Total installed cost 2518 USD/kW
- Balance of System 1678 USD/kW
- Module 700 USD/kW
- Inverter 140 USD/kW
Operation/Maintenance 15 USD/kW/year

In addition, we took the time preference for money into account. For instance, the value of money
spent initially (Cipstaneq) would be worth more than the money spent annually in the subsequent years
(Com) from a borrowed money viewpoint. We followed a conventional assumption in economic
analysis—the money required to finance an alternative is considered to be obtained from a bank or a
firm at an interest rate [20]. The real value of Cjyspeq is therefore represented in Equation (5).

Cinstulled,n,r = Cinstulled,O X (1 + r)n (5)

where Cipsialied n r is the future value of Ciyspaneq With 11 years of loan at an interest rate 7, Cjystaired o is the
present value of the Cjyspa1104. We assumed n was 20 and r was 1.7% or 3.2% based on local conditions
in Japanese communities [21].

Next, we applied the levelized cost of electricity (LCOE) to compare the cost performance of
renewable and fossil fuel energy [22]. The LCOE showed the average cost of generating one kWh of
electricity over the lifetime of the solar PV project, as represented in Equation (6).

LCOEproject = (Cinstalled,n,r + COM)/(ZEt) (6)

where Ciystalted n r is the total installation cost described in Equation (5), Cop is the total operation and
maintenance cost, and E; is the generated energy estimated from Equation (2).

Finally, we estimated the payback period that would breakeven on the investment. We assumed
that an equal amount of electricity from the grid would be substituted by the solar power, thus a net
savings was achieved by reducing electricity bills.

PﬂybﬂCk PeriOd = (Cinstalled,n,r + COM)/(ZEW«L X Cavoided) (7)

where Cgpoiges is the cost of avoided electricity which was assumed to be 0.16 USD/kWh,
which represented a higher electricity price during the daytime in Japan [23].

2.2.2. Life Cycle GHG Emissions Assessment

Life cycle assessment is a tool to systematically assess the environmental impact of a product
by quantifying the pollutants released into environment in all product stages [5,24]. Following the
ISO LCA [4], goal and scope definition, inventory analysis, impact assessment, and interpretation
were conducted. The goal was to assess the GHG reduction as a result of introducing the solar PV
project. The scope included raw material acquisition and production of the solar PV. Maintenance and
end-of-life treatment of facility were excluded due to the lack of information. Based on the project
design (Section 3.1.), the functional unit was defined as an on-campus solar power plant with 14,851
kW), installed capacity.

The inventory of material and energy inputs for setting up the solar PV project was estimated
based on reference studies reported in the Ecoinvent v3.4, an academically reputed LCA database [25].
The dataset contained detailed information for roof-top and utility-scale PV systems. Table S3
(see Supplementary Materials: Table S3) shows the estimated requirements of energy and materials for
producing the inverter, mounting system, solar panels, and electric installation.
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Emissions of GHG were estimated for the material acquisition and production. We extracted
information from the database [26]; then, we characterized the global warming potential of the GHG
using the Intergovernmental Panel on Climate Change (IPCC) 2013 method (GWP100, represents,
in kg, CO»-eq) [27]. The above calculation and modelling were performed in an open-source LCA
software, OpenL.CA v1.7, developed by GreenDelta [28].

To show the contribution to GHG reduction, we compared the emissions of electricity generation
from the proposed solar PV system to conventional grid power. The power plants in Japan are mostly
fossil fuel-based after the shutdown of nuclear power plants in 2011. The GHG emissions for grid
power was obtained from the database [17], which was 0.7935 kg CO,-eq/kWh.

2.3. Assessment of External Effect: Disaster Resilience Improvement

In general, external effects are defined as a project’s consequential impacts on a community.
Stakeholders are defined as community members affected by the external effects, positively or
negatively. The identified stakeholders, then, can be included in the decision-making process of
the project. In doing so, the external effects are said to be internalized [29]. The proposed project’s
external effect was identified as a benefit—improving the disaster resilience of the local community.
The stakeholders were nearby residents, local government, and the real estate developer. Utilizing the
United Nations” Sendai Framework for Disaster Risk Reduction 2015-2030 [13], we assessed the
external effect using quantitative indicators adopted from the Sendai Framework and qualitatively
discussed the anticipated roles of the stakeholders.

2.3.1. Indicators for Disaster Resilience and Preparedness

The Global Target D of the Sendai Framework aims to significantly reduce disaster damage to
critical infrastructure and disruptions of basic services [30]. In our case, access to electricity is essential
for the proper functioning of critical infrastructures and provision of basic services. The continuation
of electricity supply would minimize the disruptions to commercial activities as well as the daily lives
of the local community.

However, the indicator suggested in the Sendai Framework is defined broadly as “number
of disruptions to basic services attributed to disasters” ([30], p. 7/41). From a project perspective,
we redefined this indicator to include only the people who would be affected by the project. We hereby
determined that the number of people who would have access to emergency power as a result of the
proposed project as the indicator for disaster resilience and preparedness.

In the event of a power outage, two ways of accessing the solar power was expected from our
observations. First, the campus may serve as an emergency relief center where nearby residents could
visit and access the electricity supply on-site. We assumed that residents living within a 2 km travel
distance from the campus would be benefited. As the campus itself spans about 1 km in length,
we estimated the lower and higher range of affected residents based on the distance to the center and
to the edge of the campus, respectively. We acquired the statistics as of January 2018 from the local
government [31]. Distance from the campus was calculated based on the city map available at the local
government website (see Supplementary Materials: Figure S2).

Second, the solar power can be partially transmitted to the smart grid in the Kashiwanoha Smart
City. The smart city had originally installed an 1800 kWh NaS battery and a 500 kWh Li-ion battery,
to provide approximately three days of emergency power. If the proposed solar PV system were
connected, excess power could be used to recharge and sustain the emergency power. The emergency
power is primarily for essential lighting and elevator access to higher floors. This is critical to support
high-floor residents who may have difficulties in climbing the stairs, especially the elderly, learning from
the previous 311 disasters. We obtained statistics regarding residents who are connected to the smart
grid from the developer.
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2.3.2. Anticipated Roles for Stakeholders

The external effect must be recognized by the relevant stakeholders to fully realize its potential.
For example, if the proposed project was limited to on-campus consumption but not connected to the
smart grid, the benefit cannot be extended to the smart city. Conversely, if the relevant stakeholders
acknowledged the benefits, they would be encouraged to contribute to the project.

The Sendai Framework is helpful in stakeholder engagement as it lays out four priorities that are
interconnected and critical to improve disaster resilience [13]. First, it calls for a clear recognition of the
disaster risk for stakeholders. Then, it calls for public—private collaboration in terms of service provision
and financial investment. As a result, the disaster preparedness measurements can be implemented.

We identified the potential contributions and anticipated benefits from the stakeholders by
conducting workshop-style discussions with representatives from the Kashiwa City Government and
Mitsui Fudosan, the local real estate developer. The discussions were conducted in October 2017 and
January 2018.

3. Results

3.1. Capacity of the On-Campus Solar Photovoltaic System

The designed solar PV system could partially substitute the electricity from the grid system.
The installed capacity was capped at 14,851 kWy, or approximately a 100,000 m? active surface of solar
panels to minimize excessive power generation. Figure 2 shows the simulated solar energy supply
overlaid on the campus energy demand in four seasons. Overall, spring provided more solar energy
due to the better weather conditions and a suitable temperature for operation. The self-sufficiency
rates were 0.31, 0.26, 0.18, and 0.19 for spring, summer, autumn, and winter, respectively, measured by
the total generation over total consumption.

Spring Summer

10,000 10,000
9,000 9,000
8,000 8,000
7,000 7,000
6,000 6,000
5,000 5,000
4,000 4,000
3,000 3,000
2,000 2,000
1,000 1,000

kw
kw

123 456 7 8 910111213 14151617 18 19 20 21 22 23 24 123456 7 8 91011121314151617 18 19 20 21 22 23 24
Hour in a day Hour in a day

m Spring Demand  m Spring Supply u Summer Demand B Summer Supply

Autumn Winter

10,000 10,000
9,000 9,000
8,000 8,000
7,000 7,000
6,000
5,000
4,000
3,000
2,000
1,000

6,000
5,000
4,000
3,000
2,000
1,000

kw
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12 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 12 3 4 5 6 7 8 9 10111213 14 15 16 17 18 19 20 21 22 23 24
Hour in a day Hour in a day

m Autumn Demand  ® Autumn Supply ® Winter Demand  ® Winter Supply
Figure 2. Simulated hourly solar energy supply and estimated hourly energy demand in a day,

showing the average value for four seasons.

3.2. Project Level Assessment

3.2.1. Life Cycle Cost

The project was estimated to cost 22.26 million USD which consisted of an 88% installation cost
and 12% O&M cost. The cost of installing solar PV is relatively high in Japan and about three times
higher than in China in cost for balance of system. This is most likely due to the expensive labor and a
high profit margin for corporations in Japan [19].
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Taking into consideration the time preference of money (for initial installation), investments of
$29.83 million and $39.97 million USD were required, estimated at 1.7% and 3.2% interest rates,
respectively. The latter interest rate was a more conservative figure reported earlier in the year; the
former was more realistic due to the low interest rate policy in Japan [21]. Both cases assumed a 20
year loan period.

The LCOEs of the solar-generated electricity were 0.07 and 0.09 USD/kWh in the case of 1.7%
and 3.2% interest rates, respectively. As a reference, the global weighted-average LCOE in 2018 was
0.085 USD/kWh (with 5th and 95th percentiles of 0.058-0.219 USD/kWh) [32]. These figures were
lower than the 0.16 USD/kWh daytime electricity rate offered by the power company [23]. The project
therefore would be profitable by substituting partial energy supply to the generated solar power and,
thus, saving on electricity bills. Our results showed that the payback periods were 12.9 and 16.8 years,
respectively (Figure 3). Net savings of $39.5 and $29.4 million USD were projected in the 30 year
operation period, respectively.

70

[=)

g e cumulative average avoided cost

i 60 1 project cost@1.7

S 5 | project cost@3.2 net profit
€ region

40 A
30 4
20 4

payback time
10 A

123456 78 9101112131415 1617 1819 20 21 22 23 24 25 26 27 28 29 30
Operation period (year)
Figure 3. The estimated project costs at 1.7% and 3.2% interest rates and the avoided electricity cost
(due to the substitution of the generated solar power to the purchased grid electricity) over the 30 year
operation period. Payback times are the intersections of project costs and avoided costs; net profit
(saving) regions are the areas above the project costs after the payback times.

3.2.2. Life Cycle GHG Emissions

The life cycle GHG emissions associated with the solar PV project was 35 million kg CO;-eq.
The main contributor was the manufacture of multi-silicon solar cells in the solar panel production.
This was followed by aluminum and steel in the mounting system. The balance of system,
including inverter and electric installation, had relatively less impact. Table 3 summarizes the
global warming potential and the overall contribution of each component in the proposed system.

Table 3. Life cycle impact of setting up the proposed 14,851 kWp solar photovoltaic system.

Global Warming Potential (kg COz-eq)  Overall Contribution (%)

Solar Panel 24,477,674 69.6
Mounting 7,010,592 19.9

system

Inverter 2,885,345 8.2
_ Electric 772,061 2.2
installation
Electricity 960 0.003

use
Total 35,146,632 100

The electricity generated from the project was estimated to be 0.0811 kg CO,-eq/kWh based on
a 30 year operation. As a reference, a recent review of the literature showed that the life cycle GHG
emissions for multi-crystalline PV had a mean of 0.0736 kg CO,-eq/kWh (with a range of 0.0094-0.250
kg CO,-eq/kWh) [33]. The value was about 10 times less than the fossil fuel-intensive grid system in
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Japan, which was 0.7935 CO,-eq/kWh. Subsequently, the project would be able to mitigate a total of
308 million kg CO,-eq emissions by reducing consumption from the grid energy.

3.3. External Effect on Local Community

Although the original purpose of the project was to substitute on-campus electricity for renewable
solar power, in the event of a natural disaster and massive power outage it could serve as an emergency
power facility. We found that between 4666 to 8454 nearby residents would be able to access the
on-site electricity if the campus was made into a relief center in the event of a disaster. Table S4
(see Supplementary Materials: Table S4) shows the city districts included in our study. For a higher
estimation, all listed districts were included. For alower estimation, we excluded Kashiwanoha 6-chome
and Midoridai 1-chome, 2-chome, and 3-chome. Note that residents who live in an area excluded in
our scenarios can still access the electricity if they choose to travel to the campus. The calculation was
based on the statistics of Kashiwa City only. As shown in Figure S1, a part of the neighborhood is
under the jurisdiction of another city, Nagareyama City, which was excluded in this study. Therefore,
our results are likely an underestimation.

Currently, there are five high-rise apartment buildings that are connected to the smart grid.
As we can only obtain the number of units in each building, we assumed that each unit consists of a
three-person household. Our estimation found that there are 8532 smart city residents connected to the
smart grid (see Supplementary Materials: Table 54). These residents are expected to have a substantial
improvement in energy security, in addition to the three days of emergency power originally in place.
As the smart city is planned to expand in near future, more residents are expected to benefit from
the project.

In addition to the smart city developer, we recognized that more stakeholders at the local level
are relevant to the project as mutual benefits could be achieved. Table 4 summarizes the potential
contribution and anticipated benefits for the various stakeholders in our study.

Table 4. Potential contribution and anticipated benefits of the stakeholders involved in this study.

Stakeholders

Potential Contribution

Anticipated Benefits

The university

Provide rooftop area and open space
for the solar panels; fund the project

Reduce the carbon footprint from
intensive energy demand

Nearby residents

Willing to incur additional expenses
for the emergency power supply

Access to emergency power in the
event of massive power outage

Kashiwa City Government

Facilitate the project; provide policy
support; fund the project

Improve the disaster resilience and
preparedness of the region

Increase the value of developed
properties by highlighting the
improved energy security

Connect the project to existing smart

Mitsui Fudosan (Developer) city infrastructure; fund the project

Coincidentally, the Sendai Framework includes a resolution that calls for stakeholders” voluntary
commitment [34].
reduction are encouraged; and their projects should be submitted to the Sendai Framework Voluntary
Commitment online platform [35]. At present, Japan ranks second in terms of the number of
voluntary commitments submitted, i.e., three. If the proposed solar PV project is accepted as a
voluntary commitment, the various stakeholders, as identified in Table 4, would be expected to receive
additional benefits, such as publicity for good practices, realization of corporate social responsibility,
etc. This additional incentive would be useful in encouraging the local government to join and support
the proposed project.

Collaborative stakeholder initiatives that would contribute to disaster risk
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4. Discussion

4.1. Design of the Renewable Energy System

The designed project represents an introductory stage of implementing a renewable energy
system in which only a relatively small share of renewable energy was present [36]. Therefore,
the overall impact on the grid’s stability was trivial and was ignored in this study. As the current
design only aimed to partially substitute the energy source, this would minimize the cost and the GHG
emissions by (a) avoiding a pricier electricity rate during the daytime and (b) mitigating the need for
COs-intense peaking power plants in Japan. If the solar PV system were to be expanded in the future,
a corresponding energy storage system such as Li-ion or lead-acid stationery batteries must be included.
Such a design may provide an ideal 100% self-sufficiency scenario; however, the battery system would
be much more expansive than the grid electricity at the present state of development [37].

4.2. Sustainability Performance of the Project

The proposal was very positive in terms of cost and environmental performance at the project
level—project cost could be recouped in 12.9 years and a net 39.5 million USD saving over the 30 year
operating period; a total of 27% CO, emissions from electricity usage could be mitigated. However,
this assessment is subject to constraints and uncertainty discussed below.

e Asmentioned in Section 4.1., the current design did not include an energy storage system, thus it
completely relies on the grid system to adjust the intermittency of solar power. An additional
battery storage system would impact the performance greatly.

e  Publicly available information on the cost of renewable energy systems is very limited. The data
for this study was primarily acquired from a third party, the International Renewable Energy
Agency [9], which may slightly differ from local conditions.

e  The assumption of the avoided electricity rate, 0.16 USD/kWh, based on a utility-scale higher
daytime rate was sensitive to the payback time and net savings estimation. This rate might be
subject to change in the future.

e  The monetary value of the net savings did not necessarily mean a positive income for the university,
as the power was intended for on-campus consumption. Meanwhile, there was no feed-in tariff
policy in place at present, particularly for utility-scale solar power generation.

Nevertheless, we determined the project as economically viable and environmentally friendly after
careful assessment (e.g., using a conservative estimation for the solar degradation rate, consideration of
a time preference for money). We did not expect the overall outcome to be overturned as a result of
the uncertainty.

Our assessment framework showed that project sustainability can be enhanced by incorporating
external effects at the local level. Further, stakeholders who are relevant to decision making were
easily identified and can be brought into the discussions more readily. Utilizing the Sendai Framework,
we determined the external benefit in our case. Disaster resilience and preparedness is critical to
Japanese residents in the wake of the 311 Tohoku Earthquake event. An unsophisticated indicator,
the number of benefited residents, was used to demonstrate the possibility of including such a concern.
At this stage, this would be enough to communicate with the local government and the developer,
since they will have their own consideration to judge whether investing in such a project to protect the
given number of residents is worthwhile.

The external benefits, if unrealized, represent a problem of positive externalities. Recognizing the
potential contributions and benefits for the various stakeholders is an important first step to solving
the problem. The summary in Table 4 was a preliminary result that did not mean to be comprehensive;
if the proposal was accepted, more detailed cost and benefit analyses for each stakeholder could be
performed. Our assessment suggests that further negotiation among the stakeholders are expected to
achieve mutually agreeable and beneficial outcomes.
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In conclusion, a green campus initiative based on the introduction of a solar PV system was
designed and assessed using a project sustainability assessment framework that not only takes a life
cycle perspective, but also incorporates external effects in order to effectively engage stakeholders.
Our assessment highlighted a holistic and practical approach—considering the unique local conditions,
with an emphasis on disaster resilience—to support a transition to renewable energy.
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year, Table S1: The average hourly sun irradiance at the designated location in 2017 based on the Kashiwa
Meteorological Center [15], Table S2: The balance of system cost for a utility scale solar plants in Japan at 2015 [19],
Table S3: Inventory data of setting up a 14,851 kWp solar photovoltaic system on campus that is estimated based
on the dataset in Ecoinvent v3. (A negative value represents an output of by-product.), Table S4: Residents living
within 2 km walking distance from Kashiwa Campus and smart city residents connected to smart grid.
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GHG Greenhouse gas

GWP Global Warming Potential

IPCC Intergovernmental Panel on Climate Change
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LCA Life cycle assessment

LCC Life cycle cost analysis

LCOE Levelized cost of electricity

PV Photovoltaic

SDG Sustainable Development Goal
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