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Foreword 
 
 
About ten months ago, we all started this Master in Sustainable Energy Engineering together at KTH 
Royal Institute of Technology with a similar goal – learning the tools needed to have an impact on the 
wellbeing of this planet and the people that inhabit it. And this is very much what this project is all 
about. Today, more than half of the world’s population lives in towns and cities, and by 2050 this 
number is expected to increase to about 66% (1). So, where to start our global fight against climate 
change better than in our urban areas? We have to question the cities of today and start rethinking 
the cities of the future. 
 
There are not many opportunities during one’s academic life to be part of a project like this. Thanks to 
the collaboration between KTH and Gadelius, a beautiful project setting was created aiming at 
achieving a sustainable future for Tokyo, one of the biggest and most interesting cities in the world.  
As students, we were given an enormous freedom to develop our own innovative vision and explore 
different solutions for very actual urban issues such as the use of renewable energy sources, CO2 
emissions and a society’s energy consumption. 
 
As inspired as we were when we started the first year of this Master Studies at one of Europe’s most 
innovative universities, as proud are we now to share with you our vision and quantitative analysis for 
a sustainable future in Nakano, one of Tokyo’s Special Wards, by the year 2040. 
 
 
Nakano Consultancy Group 
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Executive Summary 
This project is about reshaping the environment and energy system of Nakano, a residential district 
inside the city of Tokyo. A qualitative model has been designed, setting the system boundaries and the 
main features in it. In a second step, ideas about our vision of Nakano in 2040 were developed. The 
proposed ideas deal with energy, such as the introduction of renewables, but also economics, such as 
the drop of battery prices, and social well-being, such as the introduction of green areas in the ward. 
 
In our vision for a more sustainable Nakano, a bicycle highway would be introduced and along this, PV 
panels would be installed to provide shading and electricity generation at the same time. By 2040, cars 
could represent a service rather than a property. Currently, most of them are fossil-fuel powered and 
our idea is that this would drastically change. Furthermore, a sustainable car sharing system using 
autonomous electric vehicles (EVs) was designed. Urban planning has been treated, dealing with 
converting low-rise buildings into larger apartment buildings to increase the green areas across the 
ward and enhance the building quality. Building quality and performance have also been a core part in 
the project due to the poor indoor thermal comfort that currently dominates buildings in Nakano.  
 
Economic assumptions for 2040 have been made, especially about price trends for the main 
technologies introduced in the different scenarios. In order to introduce our ideas in the system and 
see how they would affect it, we developed four different scenarios, each one generated by different 
assumptions and energy mixes. These are, Business-as-Usual (BAU), in which current trends are 
generally followed; Renewable and Nuclear (R&N), where renewables and nuclear are set to be the 
main actors in the energy supply sector; Zero Nuclear Policy (0-Nuclear), in which nuclear energy has 
been phased out and, as a consequence, renewables are supposed to meet the entire demand 
together with the grid; and The Ocean and the Sun (O&S), where nuclear energy is still phased out and 
ocean energy and large scale solar PV are the new energy sources introduced in the energy mix of the 
ward. 
 
The main software used to model our scenarios was Homer Pro, along with the help of LEAP and IDA 
ICE. The scenarios have been analyzed from both an energetic and economic point of view, since 
additional cost/benefit and sensitivity analysis were performed. Three Key Performance Indicators 
(KPI) were given in the project guidelines, while two others were additionally adopted. These are green 
area per thousand inhabitants, and recycling material fraction. 
 
The whole project was aimed at fulfilling the goals regarding the KPIs. At the end of the report, the 
results have been shown compared to the original targets. It was proven that reaching every KPI’s 
target in every scenario was neither technologically nor economically feasible. Anyhow, still a lot of 
targets were met, and significant improvements compared to today’s conditions of the ward were 
achieved. All in all, despite the amount of assumptions that were made, we consider ourselves satisfied 
with the achieved results. Finally, since time is finite, a lot of future work remains that could be a very 
interesting addition to this study about a sustainable future for Nakano. 
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Project Features 
This project is part of the Sustainable Energy Engineering Master at KTH Royal Institute of Technology. 
For the Energy Management course, KTH and Gadelius have partnered to organize and support an 
innovative project consisting of designing the future urban landscape of Tokyo. 
 

Project Management Team 
The team in charge of the project consists of six international master students, coming from different 
countries around Europe and with varying educational backgrounds. 
 
Matteo Costa   Key Account Built Environment and HOMER Pro Modelling 
Alexander Harrucksteiner Presentation Material and Key Account Energy & Transport 
Sandro Malusà   Key Account Energy and HOMER Pro Modelling 
Niccolò Oggioni   Data Organization, Key Account Energy and HOMER PRO Modelling 
Alessandro Sebastiani  Key Account Waste Management and Economic Analysis 
Benjamin van Dam  Graphic Design and Key Account Transport & Built Environment  
 
For a project of this size and team members with very different schedules, time management plays a 
crucial role. By using short-term goals and deadlines, in addition to weekly group meetings, a 
continuous work flow was created throughout the project. 
 

Supporting Staff 
The project was carried out with the support of experts from KTH and additional information and 
guidance from Gadelius. 
 
KTH 
Per Lundqvist  Professor & Course Founder 
Hatef Madani  Associate Professor & Course Responsible 
Nelson Sommerfeldt PhD Candidate & Project Responsible 
Omar Shafqat  PhD Candidate 
Niccolas Albis  Research Consultant 
 
Gadelius Group 
Gösta Tyrefors  President and CEO 
 
We want to thank everyone for their contribution and continuous support throughout the entire 
project, especially Nelson Sommerfeldt and Niccolas Albiz, who have spent a lot of time in assisting us 
with conceptual doubts, software related issues and other questions during the project. 
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Software 
During the project, different modelling tools were used. Next to using these more advanced software 
packages, a significant amount of pre- and post-processing was performed in multiple excel datasheets 
that were developed throughout the course of the project. 
 
HOMER Pro 
The HOMER Pro® microgrid software by HOMER Energy is the global standard for optimizing microgrid 
design in all sectors (2). In this project it was used to simulate the energy mix in the developed system 
for Nakano and to optimize this solution using thousands of simulation possibilities. All results in the 
report are based on results obtained through the HOMER Pro model. 
 
IDA ICE 
IDA ICE is an innovative and trusted whole-year detailed and dynamic multi-zone simulation 
application for study of thermal indoor climate as well as the energy consumption of the entire building 
(3). In this project the software was used to simulate and study the performance of possible future 
buildings that could be incorporated in the urban environment of Tokyo. 
 
LEAP 
The Long-range Energy Alternatives Planning System is a powerful software for integrated energy 
planning and climate change mitigation assessment. LEAP is designed for long-range scenario analysis 
to support policy makers in their decision process by providing different alternative scenarios and 
comparing them in terms of energy requirements and environmental impact. A strength of this tool is 
the wide range of scales which allows both modelling on a regional level as well as on a global level. 
(4). In this project, LEAP was used the model the current and future demand and consumption of the 
transport sector, since this could not be done in HOMER Pro. 
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1  Introduction 
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1.1 Project motivation 
“Creating a shared future in a fractured world”. That was the theme of this year’s World Economic 
Annual Meeting in Davos (5). It is clear that we are facing many challenges worldwide. Challenges such 
as poverty, natural resource depletion, hunger, water scarcity, preserving the natural environment and 
climate change, to name a few. The topic of climate change has attained more and more global 
attention over the recent years and the way we think about energy and development has started to 
shift. Furthermore, there is now a 97 percent consensus amongst actively publishing climate scientists 
that “climate-warming trends over the past century are extremely likely due to human activities” (6). 
However, this is not a story about the problems we are facing today, but rather about the opportunities 
there are to truly make a difference for the future. 
 
Now maybe more than ever, the global movement that action needs to be taken is very present. In 
April 2016, the European Union together with 174 other countries signed the Paris Agreement, 
committing to strengthen their response to the threat of climate change (7). One of the big 
opportunities lies in the organization of cities. Due to centuries of urbanization, cities typically embody 
an enormous amount of people in a relatively small area, resulting in immense concentrations of both 
energy and other resources. Transforming these cities into sustainable urban landscapes is a key 
element to tackle climate change. 
 

1.2 Ward Description 
Nakano is the 14th of 23 Special Wards within the city of Tokyo. The ward was founded in the year 
1932 and denominated Special Ward after 15 years, in 1947 (8). Its location within Tokyo is shown in 
Figure 1 (8). It can be seen that Nakano is a medium-sized ward, neighboring some of the busier wards 
such as Shibuya and Shinjuku. 
 
Nakano can be described as a residential district, where young professional live to commute to the city 
center. Generally, it gives the impression of being a very active ward, where the local administration 
is constantly working on planning events, increasing the welfare impact on local society and 
implementing housing policies, with the sole objective of making Nakano a better place. 
 

1.2.1 Climate 
Tokyo, and thus Nakano, lie in a humid subtropical climate zone (9). This means, warm and humid 
summers and generally mild winters with cool spells. In summer, daily temperatures range between 
approximately 24°C and 32°C, while in the colder winter months daytime temperatures generally lie 
between 7°C and 15°C, with night temperatures around 0°C. The annual rainfall averages nearly 1,530 
millimeters, with a wetter summer and a drier winter. Snowfall is sporadic but does occur almost 
annually. Furthermore, the average monthly hours of sunshine over the entire year do not vary that 
much for the different periods of the year, staying more or less around a value of 150 hours per month. 
In general, we can say that regarding energy requirements this is a quite advantageous climate, since 
during four to five months per year there is no need for any cooling or heating in buildings (10). 
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1.2.2 Land Use and Economic Activities 
The district covers 15.59 km2, of which almost 64% is residential (11) (12) 1. It is important to notice 
that, if calculated with respect to the taxable land, this percentage reaches a value of about 98%. Here, 
referring to Fiscal Year 2015, Table 1 shows land use statistics. It was assumed that no significant 
changes in land use have occurred between 2015 and 2016.  
 

 

 
Figure 1: Position of Nakano-ku in Tokyo 

 

Table 1: Land use in Nakano in 2015-2016 

Category Land use Source 
Area (ha) % 

Residential 991.28 63.58 Tokyo Statistical Year Book 2015 
Commercial 14.86 0.95 Tokyo Statistical Year Book 2015 
Agriculture Fields 4.01 0.26 Tokyo Statistical Year Book 2015 
Forests 0.15 0.01 Tokyo Statistical Year Book 2015 
Land under tax exemption 0.57 0.04 Tokyo Statistical Year Book 2015 
Miscellaneous land2 25.78 1.65 Tokyo Statistical Year Book 2015 
Parks 44.06 2.83 Nakano Key Statistics for 2016 
Roads 199.30 12.78 Nakano Key Statistics for 2016 
Public land 278.99 17.90 Nakano Key Statistics for 2016 
Total 1,559 100  

 

                                                             
1 Every statistics presented in 1.2 Ward Description refers to Nakano Key Statistics for 2016 (5), unless specified differently. 
2 Sport facilities, playgrounds, high-voltage transmission towers, railway sites, etc. 
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It is impossible to identify districts within Nakano based on economic activity. This may explain why 
there appears to be no land dedicated to industrial activities, even though 470 manufacturing 
companies were registered within Nakano in 2014. Commercial activities, on the other hand, play a 
fundamental role in the ward’s micro-cosmos. Especially wholesale and restaurants are very present 
in the ward, together employing 38,636 people, which is 30% of the total employed people. 
 

1.2.3 Demography 
With a population of 325,460 people over such a limited area (January 1, 2017), Nakano is one of the 
most densely populated wards in Tokyo. More specifically, the population density is 20,876 people per 
square kilometer, with a 1.16% increase compared to the previous year.  
 
Demographically, the total population is well balanced between men and women. Focusing on larger 
age shares (shown in Table 2) it is interesting to notice that the majority of Nakano’s people is between 
20 and 39 years old (112,922; 34.7%), followed by the 40-59 share with 91,120 people (28%). 
Comparing these results with the “Greater Tokyo”, it is interesting to notice that Nakano is younger 
than the rest of the city, especially regarding the working-age population. The age share 20-39 was 
defined as young professionals, to describe people probably at their first or second job opportunity, 
living in this ward to commute to the nearby financial and commercial center of the city. This theory 
was confirmed by analyzing results from the last ward census, held October 1st, 2010 (13). That day, to 
be seen as an average one, the inflow of 72,642 people (83% work commuters, 17% student 
commuters) was outnumbered by an outflow of 98,037 people (88% work commuters, 12% student 
commuters).  
 

Table 2: Population by age shares in Nakano and Tokyo Metropolitan Area 

 Nakano Tokyo Metropolitan Area 
Age Population Share Population Share 
< 19 38,691 11.9 2,084,859 15.7 
20 – 39 112,922 34.7 3,625,643 27.3 
40 – 59 91,120 28.0 3,816,471  28.8 
60 – 79 60,643 18.6 2,877,200 21.7 
> 80 22,084 6.8 853,628 6.4 
Total 325,460 100 13,257,801 100 

 
 
Nakano’s population had been oscillating around 300,000 inhabitants for the first 10 years of the 
century, as can be seen in Figure 2. This trend radically changed in 2012, when the population suddenly 
increased with a 4.17% growth rate. Since then, the population has constantly grown. Medium-range 
scenarios predict an increase of almost 20,000 people in 2027. On the contrary, long-term demography 
forecasts show a different scenario, with a constantly decreasing population. It is difficult to determine 
what has caused this significant difference in the two trends. For our project, the long-term population 
prediction has been used, since it was considered more coherent with its equivalent for the entire 
Japan and Tokyo (14). 
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Figure 2: Medium and long-term population projections for Nakano 

 

1.2.4 Built Environment and Housing 
In 2016, 64,454 buildings were recorded in Nakano, of which 68.9% are wooden buildings and 96.2% 
have four or less stories. So, contrary to the famous Tokyo skyline, buildings in Nakano are mostly low-
rise and made of wood. Only few skyscrapers have been built in the southernmost area, along the 
border with the more economic and touristic important Special Ward of Shinjuko. Of the total number 
of buildings, 96% is used for residential purposes, resulting in a total of 198,421 households. According 
to the population of Nakano of 2016, 1.64 person lived in each household, and 37.7% of the population 
lived alone.  
 

1.2.5 Energy Consumption 
Allocating energy consumption for Nakano district was a difficult process due to lack of detailed 
information, hence several assumptions were required. The only available data from official statistics 
(11) was natural gas consumption for residential, commercial, public and industrial sectors in 2015. 
Thus, demand for other energy vectors and fuels existing in Nakano’s energy system were calculated 
linearly based on population, with a top-down approach. As a reference for Tokyo’s sectorial energy 
consumption, a report issued by the Bureau of Environment of Tokyo Metropolitan Government for 
fiscal year 20143 was used (15). Residential, industrial, commercial and transport sectors were defined 
for the breakdown. Residential and transport demand were scaled based on population, industrial 
demand was calculated knowing the number of establishments in Nakano and Tokyo, whilst 
commercial demand was determined using the ratio of employed people in Nakano with respect to 
the total of Tokyo. This differentiation was necessary in order to obtain an energy mix that would 
approach its CO2-equivalent emissions (1.805 Mton) to the known amount (1.117 Mton) (16). 
 
As it can be observed in Figure 3, the residential sector is the most energy-craving sector, immediately 
followed by the commercial sector. Electricity is the most used energy vector for all sectors but 

                                                             
3 Fiscal year 2014 started on April 1st, 2014 and ended on March 31st, 2015. 
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transportation. Consumption of natural gas has a significant share only in the residential sector, 
accounting for both part of the thermal load and for cooking. Furthermore, Industrial activities within 
the ward make a large usage of fossil liquid fuels, and Liquid Petroleum Gas (LPG) is utilized in each of 
the four sectors. 
 

 
Figure 3: Final energy consumption in Nakano in 2015 per demand sector 

 
Subsequently, the Total Primary Energy Supply (TPES) for Nakano was calculated.  Coefficients to 
allocate energy demand to primary energy supply were determined from IEA Sankey Diagram for Japan 
in 2015 (17) . In Figure 4 final results are displayed per sector. Following this method, in 2015 the TPES 
was 6,665 GWh, with a corresponding per-capita value of 19.5 MWh. 
 

 
Figure 4: TPES in Nakano in 2015 per demand sector 
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To calculate the Primary Renewable Energy Fraction (PREF) of current Nakano’s energy mix, it was 
assumed that 1.1 MW of photovoltaic solar modules is nowadays installed in the ward. This capacity 
was top-down calculated, applying as scaling coefficient the ratio between land area of Nakano and 
Japan total value. Applying a population-based coefficient would result in around 80 MW capacity, 
which was considered excessive. Rooftop solar energy resulted accounting for 8.48% of the total 
primary energy demand. 
 

1.3 Objectives 
The objective of this project is to create a sustainable urban environment for Nakano by 2040. 
However, here the first issue already appears. How do we define what “sustainable” means – a word 
that nowadays is almost overused. In our vision for a sustainable Nakano, the main objectives will 
concern renewable energy, the energy supply per capita, CO2 emissions, green area and the recycling 
of materials. The first three objectives were stated in the project description, whereas the last two 
ones were of own choice. Green area was chosen since this is an aspect generally known to increase 
the quality of an urban setting. Parks, playgrounds or urban vegetation are a central component of 
innovative approaches to ensure that urban residents have adequate opportunities for exposure to 
nature, the impacts of extreme weather events are mitigated and the health and well-being of 
residents is improved, to name a few (18). Secondly, recycling of materials, including clean waste-to-
energy technologies and recycling of raw materials, was chosen in the context of striving for a higher 
degree of circular economy and a more renewable energy supply in our society.  
 
In order to be effective, objectives must be measured, and thus need to be measurable. Therefore, a 
Key Performance Indicator (KPI) is related to every objective. KPIs are measurable values that can be 
used to evaluate the success at reaching set targets. In Table 3 an overview is given of the chosen KPIs 
and the corresponding targets for 2040, compared to the current situation. 
 

Table 3: Overview of the chosen KPIs 

KPI NOW TARGET 
Primary renewable energy fraction 12% 80% 

Total primary energy supply (per capita) 19.5 MWh/year 17.5 MWh/year 
CO2 emission rate 1.117 GtCO2,eq Net-zero 

Green area 0.14 ha/1000 inhabitants 0.9 ha/1000 inhabitants 
Recycled material fraction 31% 70% 

 

The targets for the primary renewable energy fraction, the total primary energy supply and the CO2 
emission rate correspond to the ambitious goals of the Paris Climate Agreement and the UN 
Sustainable Development Goals. A total primary energy supply of 17.5 MWh/year corresponds to the 
vision of achieving a 2-kW society (19). The goal of reaching 0.9 hectares of green area per 1000 
inhabitants in Nakano corresponds to a suggestion issued by the World Health Organization (20). 
Lastly, reaching a recycling fraction of 70% would put Nakano at the same level as today’s leading 
cities/countries concerning recycling (21). Being a leading community in every aspect of an urban 
environment is what we will strive for! 
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2  System Mapping and 
Qualitative Model 
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Urban energy systems are large and complex. Therefore, it is necessary to define a model that breaks 
down the system into manageable components. The qualitative model for Nakano, which represents 
the ward’s structure and main components that are considered, is shown in  Figure 5. Six sectors were 
defined, all consisting of several components or sub-sectors. These are Built Environment, Transport, 
Energy, Waste, Water and Data. Furthermore, an additional component, i.e. the carbon sink, will 
facilitate the reduction of CO2 emissions of the entire system. It is clearly visible in Figure 5 that the 
entire system is highly interconnected, not only within sectors, but also crossing from on sector to 
another. For graphical reasons, the interconnection between the Energy sector and Built Environment 
was represented with a color-based scheme. Energy sources which would be integrated in the building 
system are highlighted in orange.   
 
Furthermore, the system has a certain degree of interaction with what is defined as the system 
boundary, represented by the area outside the dashed perimeter. For some of the sectors, such as 
Built Environment, this boundary coincides with the geographical boundary of Nakano. However, for 
others, like Transport, Waste or Energy, the system boundary is not at all bounded by any ward 
borders. An example is the inclusion of Tokyo Super Eco Town, a waste treatment facility, inside the 
system boundaries, even if geographically located outside Nakano.   
 
In the end, this model serves as a visual representation of what we have considered in our system and 
the way all these components behave and are connected to one another.   
 
 

 
 Figure 5: Qualitative model for Nakano4 

 

                                                             
4 PP = Power Plants; PV = Photovoltaic 
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3  Our Vision for Nakano 2040 
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As a first crucial step to start this project and start creating our vision, it is important to understand 
what it is that we are working with, what it is that Nakano is all about. How do the neighborhoods in 
this ward look like? Who lives here? And what kind of (economical) activities are taking place here? 
This basic understanding, or feeling, with Nakano is what was tried to be accomplished with the ward 
description that was presented earlier. Now, why is this so important? When redesigning an urban 
environment, we strongly believe generic solutions are out of place. Instead, our vision is to offer a 
tailor-made plan, that fits perfectly with the values and the functionality of our ward. Only in this way 
we can truly aim for a sustainable future, driven by the path that Nakano will be showing the rest of 
Tokyo and maybe even the rest of the world. 
 
Our vision for Nakano by the year 2040 includes development and concepts for five main sectors, these 
are transport, built environment, energy and CO2 emissions, waste management and data. Using the 
different backgrounds and current study tracks of our team to our advantage, every sector is assigned 
one (or more) responsible(s), or Key Account Manager(s). In what follows, all aspects concerning our 
fifth sector, that is the smart use of data, will be incorporated in the discussion of each of the four 
other main sectors. This approach was chosen since the use of data plays a vital role throughout the 
entire system, and throughout most of our vison for Nakano. 
 

3.1 Transport  
When given the freedom to redesign a city, or in our case one of the wards of Tokyo, one must dare 
to question the existing reality. Are we really needed at the office every day of the week? Why does a 
car have five seats and a trunk? Why do we need to own a car that is parked 90% of the time?  
 
This sort of questions represents the mindset with which our vision for the future of Nakano was 
designed. Instead of just looking at the current transport system, accepting its validity and merely 
trying to improve it, a system thinking approach is applied. Both the physical transport system as well 
as the need for transport are put to question.  
 
Four main ideas will be put forward, which are reducing the need for home-work transport, 
implementing a bicycle highway, introducing the Nakano iFleet and achieving greater efficiency in 
freight transport. With these ideas, the aim is to, in a certain way, reinvent the transport system for 
Nakano. The ideas are strongly focusing on what would work for Nakano. However, each of them is 
also expandable to neighboring wards, which could, in a further stage, serve the entire inner Tokyo. 
 

3.1.1 Reduce Need for Home-Work Transport 
The fundamental basis of the transport system is the actual need for transport. It has already been 
emphasized that Nakano is mostly a residential area, with a relatively young population. Our 
understanding of the ward has led to the assumption that Nakano is an area with many young 
professionals who have chosen to live there to have a fairly easy commute to the more central wards 
like Shinjuku, Shibuya and Chiyoda, where many companies and stores are located.  
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For some professions, it will be inevitable that employees need to be at work every day. However, in 
many cases it is very much the opposite. Let us, for the sake of an example, think of the average 
engineering, advertisement or banking company. The working week in this case will probably consist 
of many hours of individual work and a couple of meetings, which several employees need to attend. 
Now, with the proper planning of those meetings (and other aspects that may be of importance), it 
will be perfectly feasible to create one or two days per week on which a certain employee only has 
individual work to do. With the proper regulations in place and commitment from companies, on those 
days the employee could work from home, or in a designated working space that avoids the need for 
transportation, reducing both their CO2 emissions and most likely their primary energy need5.  
 
So, what is the incentive for companies to encourage and contribute to this concept of home-office? 
The answer is simple. First of all, they would actively take part in saving our environment, moreover 
saving our planet. However, assuming this argument might not convince all, even economic incentives 
seem to be evident. Most companies rent office space in buildings that are easily reachable for its 
employees and quite centrally located in the city. For any big city, these spaces will not come cheap. 
By implementing working from home for a certain amount of days per week, the total amount of 
people that will be present in the office on an average day will be reduced. Less people present in the 
office will lead to less needed office space and thus a reduction in operational cost for the company. 
In our eyes, a clear win-win.  
 
However, possible challenges should not be ignored. A recent report from the United Nations 
International Labour Organization found that while employees are more productive when they work 
outside of the conventional office, they're also more vulnerable to working longer hours, a more 
intense work pace, work-home interference, and, in some cases, greater stress (22). Other challenges 
that are sometimes linked with the concept of home-office are loneliness and lack of human 
interaction, communication issues and begin out of the loop (23). Looking at all of these challenges, it 
may be argued that for people who work at home permanently they might pose real issues, but, when 
talking about working at home for one or maximum two days per week, most of the mentioned 
challenges lose their validity.  
 

3.1.2 Bicycle Highway  
It was already mentioned before that Tokyo has a quite comfortable climate. Warm and sunny in the 
summer, and winters with mild temperatures and still a lot of sunshine. Using the benefits of this 
opportune climate, we aim to increase the share of transportation performed by bicycle significantly. 
In this way reducing CO2 emissions and the primary energy need, as well as the current congestion in 
the metro system. However, to convince people who normally prefer other modes of transport, we 
need to offer a high-quality alternative. Just using the good climate will not do the trick.  
 
Our vision for Nakano consists of constructing a surface-bound or partially elevated bicycle highway, 
that will connect main points of interest throughout the ward. As the name highway already indicates, 

                                                             
5 The latter will need some analysis, since working from home means that proper indoor climate and thermal 
comfort needs to be provided at home the full day. 
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the concept envisions an unobstructed network for cyclists (and pedestrians). By eliminating the 
normal burdens for cyclists, such as having to cross intersections, waiting for traffic lights and the 
dangers related to performing their route in the close proximity of normal traffic, both a very 
comfortable as well as a time-saving alternative to the original system is created. Furthermore, bicycle 
transport, both around the bicycle highway network as well as in the rest of Nakano, will be supported 
by a bike sharing system. With the possibility of taking and returning a city bike at any of the bike 
sharing stations that will be provided at numerous places across the ward, the bicycle experience will 
be improved even more. In order for this service to be convenient for locals as well as tourist that visit 
Nakano, different kind of payments, such as memberships or pay-per-ride fares, will be possible. 
 
One big challenge to achieve a quasi-unobstructed network for cyclists and pedestrians is removing 
the barriers between this new network and the existing road network. To do this, the bicycle highway 
will make smart use of bridges, weaving the surface bound sections and elevated parts together. 
However, the area under a bridge might be a quite dark, unwelcoming space that people tend to avoid. 
That is why our vision for Nakano includes the next generation of urban bridges. Bridges should no 
longer merely be structures that facilitate transport, but instead pieces of infrastructure that offer an 
added value to the city and its citizens, both in functionality as well as esthetically. Furthermore, we 
strongly feel that the citizens of Nakano should be included in the future of their ward. Therefore, after 
the initial layout and bridge connection locations have been modelled, a competition will be organized 
around the design of all the urban bridges of the bicycle highway. In this competition local architects 
and design firms will be invited to submit their proposals concerning the design of these future bridges, 
and all citizens can take part in deciding on the winning projects, that then will be turned into reality. 
A project for the people of Nakano by the people of Nakano. 
 
A last aspect that will be taken into consideration is the possibility of incorporating PV-shading. With 
a smart design of the PV-covered shading structure, people using the highway can be sheltered from 
the high summer sun during the warm months, while in the winter months the low incoming sunshine 
will be able to reach to various bicycle lanes. In this way the full potential of this new design could be 
exploited, while striving for the best experience possible. Everything will be done to create an 
environment that is both sustainable as well as a very attractive alternative to other modes of 
transportation.  
 

3.1.3 Nakano iFleet 
From property to service – that is our vision concerning personal transportation. Nowadays, more than 
40,000 cars are registered in Nakano. Most of these are still fossil-fuel powered, and all of these 
vehicles need parking space. We will create a service that is called the Nakano iFleet, the next 
generation of sustainable car sharing. The service will offer a variety of fully autonomous electric 
vehicles, adapted to the actual needed capacity of passengers, that will arrive at any pre-chosen 
location to start the requested journey. A possible partner to deliver these vehicles could be Toyota. 
Two of their innovative vehicles that could be further developed to fully fit our vision are shown in 
Figure 6. Since these vehicles are not held as a property, far more efficient solution regarding parking 
can be obtained, while still providing the same experience as owing a private car. As will be addressed 
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further in the report, new building infrastructures will facilitate underground parking spaces, which 
will reduce the needed land area for car parking significantly. All the space that will be saved in this 
manner can support our vision of a greener urban environment. Of course, the existing, traditional car 
would not just immediately disappear, but with this concept, it is intended that car ownership in 
Nakano can be reduced significantly. Furthermore, for the remaining cars, a large trend towards a 
bigger share of electric vehicles will be seen in the coming decades. 
 

 
Figure 6: Two Toyota vehicles that could be further developed. Left: autonomous electrical car sharing mini-bus concept. 

Right: single person EV (would be made autonomous as well) (24). 

 
This growing use of EVs will have important implications for the electricity grid. EVs will use a larger 
amount of electricity, resulting in an increased demand for electricity generation and the 
corresponding increase of generation fuel use and emissions. Furthermore, they will require additional 
capacity to make, transmit and deliver additional energy, especially during the electric grid’s peak 
demand times (25). So, not only would additional generation be needed – to produce the power –  the 
transmission and distribution (T&D) systems will also have to be upgraded and enhanced, mostly by 
adding more capacity to transmit and deliver the additional electricity during the grid’s peak demand 
times. However, one must not forget the important benefits of EVs. Utilizing the energy storage 
potential of the many EVs that will be part of the future system, energy can be stored whenever 
storage is required and can then be pushed back into the grid through vehicle-to-grid services, in this 
way assisting in balancing the grid. 
 
The Nakano iFleet will be supported by a mobile application through which its services can be booked 
on-demand as well as reserved in advance by preregistering future rides. In this way services are not 
only suited for locals, but they will also offer a clean, comfortable and certainly rememberable way of 
transport for the many tourists that visit Nakano throughout the entire year. As mentioned before, the 
iFleet will be adapted to the actual number of passengers a certain unit needs to transport. Instead of 
transporting one person by the means of a standard traditional sized car, the iFleet will consist of 
different size vehicles suited for every need. Another big opportunity lies in the concept of 
preregistering future rides. By making it financially interesting to preregister, it is expected that, when 
possible, people would choose this option. In this way the system is given crucial knowledge about 
how, for example, the demand for the next day will look like – the quality of this knowledge of course 
depends on the share of registered rides. This knowledge basically holds two big advantages. Firstly, 
over night, when the energy demand is low and there is no road congestion, the iFleet could divide all 
its units among the various charging/dispatching points around the city in such a way that the next 
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morning the units can start operation in the most efficient way possible. Secondly, by knowing the 
future routes and time schedules of a large amount of people, the application can start suggesting the 
option of mini-buses to the users. When multiple people preregistered similar or overlapping journeys 
with a small (single person) iFleet unit, the application could recognize the opportunity to group these 
people together and perform the same trajectory in a mini-bus. In this way energy consumption and 
CO2 emissions would be reduced even further. However, it is clear that, since the mini-bus will not 
perform one user’s optimal trajectory, the ride will take longer. Therefore, when somebody has 
preregistered a ride, and the software finds a reasonable mini-bus solution for that ride for that person, 
this option will be suggested through a notification on that person’s mobile device, mentioning the 
increase in time of that option, but also the reduced rate for which it is offered. The user can then 
simple choose to accept or decline the suggestion in the mobile app. A complete business model 
proposal of the Nakano iFleet will be presented in Chapter 8. 
 

3.1.4 Smart Freight Transport 
A sustainable urban transportation strategy that claims to have completeness must include urban 
freight movements. Therefore, we consider bringing together two separate and independent sectors, 
i.e. ICT (Information and Communication Technology) and logistics. We claim that combining these 
two sectors will revolutionize the urban transport sector. Steered towards sustainability, the 
combination of ICT and logistics will help to decarbonize the current urban freight transport system. 
There are many pieces to that puzzle which pictures the entire strategy for the urban freight transport. 
The first and most obvious one is the switch from high- to low-carbon intensive fuels. This includes the 
switch from conventional gasoline and diesel vehicles to hybrid and electric driven vehicles. 
 
Another problem of freight transport is, that around a fifth of transports conducted are so called empty 
runs, where freight vehicles do not carry any goods (26). In order to reduce the number of empty 
kilometers driven, we would implement a platform for connecting both customers wanting to dispatch 
goods and businesses offering logistic services. A similar platform already exists across Europe (27). 
Furthermore, the platform should encourage different logistics companies implementing a concept 
called pipelining. In a scenario were the platform allows full disclosure on loading state, route and 
availability of the trucks registered, one could for example reduce two half empty trucks to one fully 
loaded truck. In combination with ICT technology equipped trucks, real time data could be collected 
and used to further improve the match making process between customer and supplier. Additionally, 
ICT equipped trucks can give real-time feedback on driver behavior and therefore reduce energy 
consumption due to inefficient driving such as harsh breaking (28). This could even be further 
improved if autonomous driving is introduced. 
 

3.2 Built Environment and Urban Space 
The area of built environment and urban space is probably the area with the greatest potential for 
improvement for Nakano, while at the same time it might also be the most challenging one. As was 
shown in the ward description, the residential and commercial sector, which basically contain housing 
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and commercial buildings, account for 74% of Nakano’s total primary energy need6. Furthermore, 
together these two sectors are also responsible for approximately 72% of the total CO2 emissions in 
Tokyo (29). Looking at the green area in Nakano, currently there is 0.14 hectares per 1000 inhabitants, 
this is more than six times less than the minimum amount of green area suggested by the World Health 
Organization. With adequate guidance and regulation concerning land use and buildings, our goal is to 
create the urban environment the people of Nakano deserve and enhance the attractiveness of the 
ward. In our vision, focus will be put on two aspects, urban planning and building quality and 
performance.  
 

3.2.1 Urban Planning 
The term urban planning could mean a lot of things, but what is especially important to us is how land 
in the ward is used to fulfill certain functions. In Nakano more than 90% of the buildings are for 
residential purposes, of which 89% are low rise buildings, consisting of three or less floors (11). With 
creating more green area being one of the main goals, this feature holds major opportunities. By 
locating zones where redevelopment projects are feasible and by reducing the floor area ratio in these 
zones (this is the ratio of floor area to land use of the building), an enormous amount of green space 
can be created. This concept is illustrated by the sketch shown in Figure 7. On the left side of the 
sketch, a block of buildings, including a small parking area, is shown that could represent a typical block 
of low-rise buildings in Nakano. The sketch is oversimplified, and buildings are most often not spaced 
this evenly, however for the sake of illustration the sketch fulfills its purpose. Now, by replacing all 
existing buildings on the block with one large apartment building, with underground parking facilities, 
the potential of generating “unused” land that can be turned into green area is enormous. There are 
two major criteria that need to be satisfied. The first and most obvious one is that the new building 
needs to have the same (or slightly more) floor area. The second is that not a single person can be 
deprived of their sun rights. A case study (Appendix A) has shown that is it possible to fulfill both 
criteria, even in non-ideal conditions. 
 
 

 
Figure 7: Concept sketch of creating green area. 

                                                             
6 This result represents values from 2015. 
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One of the major challenges that cannot be left unmentioned is too acquire the needed land for 
redevelopment projects like this. Continuing on the illustration from above, in order for the project to 
be achievable, all the parcels of land need to be available for purchase, either through a purchase 
agreement with the owner or when the building on a certain slot is scrapped after an amount of time. 
The latter is indeed a real possibility since the lifetime of buildings in Tokyo is relatively low. According 
to the Ministry of Land, Infrastructure, Transport and Tourism (MLIT), the average lifespan of a wooden 
house is 27 to 30 years, and for reinforced-concrete apartment buildings it is around 37 years (11). 
However, convincing property owners who are not keen on selling their parcel of the block will always 
remain a challenge since they have the absolute right of keeping their property. 
 
An ICT idea was thought of that could facilitate localizing areas or blocks that could be purchased and 
thus where redevelopment could be carried out. First of all, a model of Nakano of the zones where 
redevelopment from low-rise to larger apartment buildings would be interesting is needed, including 
all the existing slots of land and the existing buildings. To find appropriate redevelopment zones, we 
could then look at this model through two “layers” of information. The first type of information that is 
added to all the slots of land is the age of the building that is occupying it. Secondly, through a survey 
or interactive mobile application, the inhabitants of the specific zones could then register their possible 
interest of selling their property after a purchase agreement has been found. This agreement could be 
purely financial, or it could even include residency in the future apartment building. Nevertheless, this 
will remain a challenging task, but the process might become easier over time when the people of 
Nakano start seeing what they will get in return – state of the art living spaces in every aspect, and this 
in harmony with an ever-greener urban environment.  
 

3.2.2 Building Quality and Performance 
One of the things that Japanese people are truly experts in is dealing with bad thermal comfort in 
buildings (10). During the winter months, wearing warm clothes inside, using electric blankets and 
heating the toilet seats, taking a hot bath every night and waking up in a cold bedroom are part of the 
daily routine. In summer, an indoor temperature of 28° is not considered abnormal, however a smart 
and simple solution of allowing more informal lighter clothes at the office has reduced the impact on 
thermal comfort of this quite high temperature inside (office) buildings. With all of this said, it needs 
to be kept in mind that on average we spend about 90% of our life inside buildings (30). In our vision 
for Nakano we want to show people that there is another way. 
 
As mentioned before, the average lifetime of buildings in Japan is between 27 or 37 years. This, 
together with our plan to group the floor area of low-rise buildings together in larger apartment 
buildings means that, by 2040, Nakano will consist of a lot of new buildings. These new buildings should 
revolutionize the concept of indoor climate and thermal comfort for the people of Nakano, while only 
consuming a minimum of energy. This will be done by aiming for a BREEAM rating of Excellent to 
Outstanding for all new buildings that will be built in Nakano. Secondly, due the fact that the share of 
new buildings by 2040 in Nakano will be very large, a huge potential for energy savings arises. 
Furthermore, existing buildings will be renovated in order to reduce their consumption as well. In a 
study by Ryozo Ooka, professor in Industrial Science at the University of Tokyo, it was shown that with 
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improved energy efficiency measures, the energy usage in standard residential buildings can be 
reduced by 58%, reducing the consumption from 118 kWh/m2 to 50 kWh/m2. Then, with a PV 
installation of about 5 kW installed on the roof, the remaining needed energy could be produced, 
resulting in a zero-energy building or, for buildings that have enough space for a bigger PV installation, 
even a plus energy building (31) (32). The needed energy efficiency measures include smart double 
skin facades, heat pump systems for space and water heating, thermal mass utilization, enhanced 
exterior wall insulation, LED lighting and improved glazing performance, to name a few. 
 
In order to quantify the potential energy savings for the larger apartment buildings, a model was 
developed using IDA ICE. This model is described in depth in Appendix B. The results of the building 
model showed that the energy consumption, compared to the standard residential building, can be 
reduced by 64%. The additional potential for energy savings is mainly due to the reduction of the 
building envelope to floor area ratio, smart use of shading to reduce the cooling need, the addition of 
smart thermostats and the incorporation of borehole heat pumps in the building’s heating system.  
 

3.3 Energy and CO2 Emissions 
In the end, the combination of all the activities going on in our system will result in the fact that Nakano 
will have a certain energy demand. First of all, it is crucial that this demand is met, avoiding possible 
black-outs, of which the social and economic impacts can be immense. However, to truly fight climate 
change, this must be done in a sustainable way, keeping the greenhouse gas emissions as low as 
possible. In this section, different ideas and technologies will be described to try to achieve this. As will 
be discussed in Chapter 5, for different scenarios, emphasize will be put on different combinations of 
these ideas and technologies. 
 

3.3.1 Rooftop PV 
One of the challenges projects face in densely populated areas such as Nakano is the limited amount 
of available space. However, in this case, this can be used in our advantage. Since a large share of 
Nakano’s land area consists of buildings, the total rooftop area in the ward is very big as well. This 
means there is a major potential for installation a large total capacity of rooftop PV throughout the 
ward. By implementing PV installations in buildings, renewable energy can be generated on-site, 
reducing or completely covering the total energy demand of the building.  
 
In Europe, many private home owners have been willing to do the initial investment of the rooftop PV 
system themselves, since the decreasing cost of PV in Europe has made this investment financially very 
interesting. However, the price for residential PV in Japan is quite different from that in Europe. A 
study from the Renewable Energy Institute (Japan) shows that the price of residential PV is about 
$3.5/Watt, which is 60% higher than the price in Germany (33). So, in order to ensure that by 2040 as 
many rooftops as possible will be covered by a PV system, a different approach must be put in place.  
 
Inspired by the Tesla Virtual Power Plant in Australia (34), a similar idea could be used for Nakano. 
Retailers will install rooftop PV and battery storage in the participating buildings and retains control of 
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the system (35). The generated renewable energy, supported by the installed storage, can then be 
used for the energy demand of Nakano. To incentivize people to join this project of creating a virtual 
power plant distributed across the ward, the participating households can buy energy from the retailer 
at a discounted price, in this way benefiting with significant savings in their energy bills. 
 

3.3.2 Offshore Wind 
A second technology included in our vision for a sustainable future is wind energy, and more specific 
offshore wind. Compared to the wind onshore, offshore wind is steadier and stronger and offshore 
wind farms have less visual impact on the natural environment. So, using Tokyo’s geographical 
location, close to a large space of open ocean, to our advantage, our vision includes an investment in 
a large offshore wind farm, that will generate energy for entire Tokyo, including Nakano. Since the cost 
of such a project is of significant importance for its feasibility and economical cost/benefit and 
sensitivity analysis for this investment will be performed in Chapter 7. 
 

3.3.3 Waste-to-Energy 
The complete strategy for waste management will be discussed in the next section, however 
concerning energy it is interesting to highlight a few aspects already. Like mentioned before Nakano is 
a very densely populated residential area, which means that a lot of food waste will be produced. The 
total amount of food waste per year is about 10,000 ton7. Through collaboration with Tokyo Super Eco 
Town, and enhancements to this facility, this food waste will be used to create biogas, which in its turn 
can then be used to power the buses in Nakano. To achieve this, the existing public transportation bus 
fleet, consisting of diesel buses, will be replaced by new biogas buses. Furthermore, our vision for a 
sustainable Nakano include the implementation of an innovative gasification plant, that will turn 
waste, mainly plastics, into syngas. 
 

3.3.4 Large Scale PV Power Plant 
In order to make even more use of the energy provided to us by the sun, besides the rooftop PV within 
Nakano, a large-scale PV power plant could be constructed outside the physical boundaries of the 
ward. A utility-scale PV plant could easily reach a capacity equivalent to that of thousands of rooftop 
PV installations, and with the possibility of installing solar tracking systems for the panels, higher 
efficiencies can be reached.  
 

3.3.5 Ocean Energy 
One of Tokyo’s assets that cannot be forgotten is its geographical location. The proximity to the ocean 
opens the door to opportunities in using marine energy such as wave, current and tidal energy. Studies 
have estimated the global wave energy potential to be around 5.5 PWh per year (36), while the tidal 
energy potential is estimated to be 150 TWh per year (37), combined this potential represents more 
than one fourth of the global electricity demand in 2016 (38). And also, for Japan the numbers look 

                                                             
7 This value was obtained through calculations, shown in Appendix F 
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promising. Based on a study performed by NEDO8 in 2011, the potential for wave energy, tidal energy 
and ocean current energy were estimated to be, respectively, 87 TWh, 6 TWh and 10 TWh per year 
(39).  Furthermore, the majority of wave and ocean current energy is concentrated around the eastern 
coast of Japan, the same coast on which Tokyo is situated. Therefore, in order to achieve a more 
sustainable energy supply, investments in an ocean current energy farm will be made to supply clean 
energy to meet the demand in Nakano. 
 
Choosing for ocean energy today basically holds two main challenges. Firstly, harvesting ocean energy 
still remains a relatively immature energy technology if it is compared to other renewable technologies 
such as solar PV and wind. In general, worldwide there is still significantly less experience working with 
these systems and equipment and installations haven’t gone through years of optimization yet, like is 
the case for wind turbines for example. Secondly, the high cost of this technology poses a barrier for 
the implementation on larger scale, especially since cost of PV, onshore and offshore wind is 
decreasing rapidly. Therefore, the use of ocean energy is only implemented in one of the scenarios 
that is developed, where assumptions will be made that will make the use of this technology more 
interesting in the near future. 
 

3.3.6 Energy Storage 
With a large share of fluctuating renewable energy sources, such as solar PV and wind, in the total 
energy supply, energy storage will be needed to stabilize the energy system. This will be accomplished 
by the use of residential battery systems, such as a Tesla Powerwall, as well as larger size battery packs. 
The amount of installed battery storage will vary according to different scenarios.  
 

3.3.7 Nakano Reforestation Fund 
A simple way to reduce the CO2 in our environment, that is nowadays often overshadowed by more 
complex technologies such as Carbon Capture and Sequestration (CCS), is using the natural ability of 
forests to absorb the CO2 we emit. Thinking outside of the box, or in this case outside the limitation of 
a single ward, is what the Nakano Reforestation Fund (NRF) is all about. In the framework of this 
program, Nakano is dedicating itself to support the Sustainable Development Goal number 15 “Life on 
Land”. The focus of the SDG 15 is to restore and protect terrestrial ecosystems, combat desertification 
and halt biodiversity loss (40). With the NRF in place, Nakano will take on its share of the global 
responsibility to implement all 17 Sustainable Development Goals. 
 
The NRF will look for both local as well as global partners to establish reforestation programs and 
financially support them. This will bring economic benefit to local communities while simultaneously 
providing stability to a fragile ecosystem such as the forest and reducing the global level of CO2 in our 
environment. We acknowledge the value of land and therefore the NRF will avoid displacement of 
cropland by promoting practices such as agroforestry (combination of agriculture and forestry) or 
afforestation to combat desertification. The Nakano Reforestation Fund will also contribute to 
decarbonize the ward to achieve the goal of net-zero emissions. 

                                                             
8 The New Energy and Industrial Technology Development Organization 
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3.4 Waste Management 
In 2014, Japan consumed 1.37 billion tons of natural resources (41), while recycling only 261 million 
tons of resources. In fact, the amount of recycled waste is not satisfactory in Japan, with only 19% of 
the municipal solid waste recycled in 2013. This data is one of the lowest among the OECD countries 
and far from the highest value of 65% achieved by German (21). Looking specifically at Nakano, a slight 
improvement can be seen, with 31% of municipal solid waste recycled in Nakano in 2016 (42). 
Furthermore, japan seems to have an issue regarding food waste, with 6.21 million tons of food waste 
in 2014 (43), most of it generated by food service industry and households. 
 
It is easy to realize that waste management will have a significant role in the future view of a 
sustainable Nakano. That’s why waste management has directly been considered with the formulation 
of our KPI related to recycling. This project aims to join and implement the plan of actions that the 
Tokyo Metropolitan government has already implemented in the field of waste management (43) .The 
purpose is to enhance the positive effects that would result with the existing policies. This will be done 
considering a sensible reduction in waste generation and implementing three main actions: the 
construction of both a biogas plant and a syngas gasifier and the investment in a paper recycling 
facility. 
 
The biogas plant seems the most rational choice to treat the substantial amount of food waste and 
turn it into a low carbon fuel, which will help to reach the KPIs related to net zero emissions and 
primary energy from renewables. The new plant will be implemented in Tokyo Super Eco Town, the 
area in Tokyo Bay where different recycling facilities are located. It is not reasonable to consider the 
construction of a biogas plant within Nakano, a very densely populated ward, and it is not likely that a 
new biogas plant would be constructed to handle waste coming only from Nakano. Thus, the facility 
will be an investment pursued by Nakano, together with all the other wards of Tokyo. 
 
On the other hand, the gasification facility will be implemented by the municipality of Nakano alone. 
This would be possible thanks to the innovative technology developed by the British company Power 
House Energy Group. With their Ultra-high Temperature Gasification (UHTG) technology, they can 
realize plants that can handle 25 tons of waste per day, while not taking up more space than the 
equivalent of about 40 standard containers, all with an investment around 800 million JPY, which 
makes having the plant within Nakano possible (44). This gasification plant will not only offer power 
capacity for 3000 houses, but more interesting is that this gasification technology offers the possibility 
to be turned into a waste-to-hydrogen plant. According to Powerhouse, with a reasonable investment 
and a few months of work, the gasifier can be equipped with a facility that converts the syngas into 
liquid hydrogen (44). Thus, this investment will guarantee a facility that recycle a huge amount of waste 
into syngas within a small space, with the possibility to convert it in a hydrogen production facility if 
the hydrogen demand rises during the next decades or the future of Tokyo would end up being one 
focusing on hydrogen technology. Finally, due to the huge amount of paper waste, the implementation 
of a paper recycling facility is suggested to reach the KPI of 70% recycling. More details are discussed 
in Appendix F. 
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4  Scenarios 
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“Prediction is very difficult, especially if it’s about the future”, Niels Bohr. With this quote, we want to 
emphasize one of the main challenges of forecasting. There is a lot of uncertainty in the energy market 
or in energy predictions, especially when these predictions are made for time that is decades away 
from now. To take these uncertainties into account on system level, four different scenarios were 
developed. These scenarios represent different possible future realities, based on varying storylines. 
In what follows, a general overview of the different scenarios will be given. 
 

4.1 Business-as-Usual (BAU) 
The Business-as-Usual scenario will be used as the baseline or reference scenario in this project. In this 
scenario, current trends without any spectacular commitments to any technology or policy 
improvements or achievements are generally followed.  
 

4.2 A Renewable Future together with Nuclear Energy (R&N) 
The second scenario represents a more sustainable future, where the total energy demand in Nakano 
will decrease by 2040 and renewable energy sources such as solar PV, wind and waste-to-energy are 
used more and more, supported by battery storage to stabilize this more fluctuating energy supply. 
Furthermore, in this scenario nuclear energy will still represent a significant of the energy mix. 
 

4.3 Zero Nuclear Energy Policy (0-Nuclear) 
However, the future of nuclear energy in Japan is very uncertain in Japan. In poll by the pro-nuclear 
Japan Atomic Energy Relations Organization in 2015, four years after the Fukushima nuclear disaster, 
47.9 percent of participants said that nuclear energy should be abolished gradually and 14.8 percent 
said that it should be abolished immediately. Only 10.1 percent said that the use of nuclear energy 
should be maintained, and a mere 1.7 percent said that it should be increased (45). Therefore, in this 
third scenario it will be assumed that the future of Japan will be one without any nuclear energy. 
 

4.4 The Ocean and the Sun (O&S) 
In the last scenario that is developed, even more use will be made from what is offered to us by the 
sun and the ocean. This scenario represents a future with even more investments in rooftop PV and 
offshore wind and additional investment in large scale solar power. Furthermore, the cost of ocean 
energy is assumed to drop significantly over the next two decades, making the implementation of this 
technology on larger scale economically feasible by 2040. Therefore, next to the other more 
conventional renewable energy sources, a significant share of the energy supply for Nakano will come 
from ocean current energy. To assist the grid with the ever more fluctuating energy supply, this 
scenario will also include higher rates of energy storage implementation. 
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5  Quantitative Modeling – 
HOMER Pro 



 28 

5.1 Energy Demand 
In terms of energy demand, the four scenarios previously described in Chapter 4 can be divided into 
two groups: Business-as-usual demand (BAUD) and Reduced Energy Demand (RED). As the name 
suggests, BAUD was designed specifically for BAU scenario, while RED applies to the remaining three 
scenarios (R&N, 0-Nuclear and O&S). Anyhow, both BAUD and RED follow the same load curve for both 
thermal and electrical but linearly scaled to different values. In the first case, default thermal load 
curves available in HOMER Pro were applied. On the other hand, the electricity load curve was 
obtained from TEPCO Tokyo Electric Power Company, the major electric power company of Kanto 
region (46).  As it can be observed from Figure 8, electricity demand presents two different peaks, one 
in the middle of the day, and the second in the evening. This information plays an important role in all 
RED scenarios, which include massive installation of batteries in the system. As it would be explained 
later, energy storage systems will be charged during day peaks mostly by solar energy, to be discharged 
during the second peak of demand.   
 

 
Figure 8: Electricity load curve on an average day, by sector 

 
Reference thermal load curve is shown in Figure 9. 
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Figure 9: Total thermal load of the ward in January, as screenshot from HOMER Pro 

 

5.1.1 Transport 
A centerpiece of the 2040 strategy for the Nakano ward is the decarbonization of the transport sector. 
In order to do so, future demands were modelled with the help of the Long-range Energy Alternatives 
Planning (LEAP) program and Excel. Excel was mainly used for pre- and post-processing steps, for 
example for quantifying ideas expressed in our qualitative vision for Nakano. LEAP, however, was used 
to model two different demand cases for the transport sector in 2040: Business as usual (BAU) and 
Reduced Energy Demand (RED). The energy demand resulting from the RED case was used for all 
energy supply scenarios except of the BAU scenario. 
 

5.1.1.1 Current Accounts 

In order to model future energy demands with LEAP, the current energy situation had to be inserted. 
Data on energy demand for the transport sector categorized by fuel on a ward level was available (11). 
Additionally, four other sources were consulted to calculate total passenger- and total ton-kilometer 
for Nakano (47) (48) (49) (50). More details on the input values for LEAP and calculation procedures 
can be found in Appendix C. 
 

5.1.1.2 Business-as-Usual (BAU) 

After consulting different sources, the transport sector was assumed to grow at an annual rate of 
0.21% in the BAU case (11) (51). The energy efficiency for both passenger and freight transportation 
was assumed to be increasing at the same pace as the 2020 Tokyo efficiency targets demand them to 
be (52). Energy intensities for electric vehicles (EV) and Hybrid cars per pkm were calculated with the 
help of (53) and (54) respectively. A modal split projection for the Tokyo Metropolitan Area (TMA) for 
the year 2030 was found in source (55). The data was adapted to fit the Nakano modal share and then 
extrapolated to the year 2040 (see Figure 10). In case of private cars, shares for the different 
powertrains were assumed by consulting a conservative projection report (56). Further elaborations 
of calculation procedures can be found in Appendix C. 
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Figure 10: Extrapolated modal split for BAU case 2040 

 
The energy demand and the GHG emissions for the Business-as-usual case resulting from the LEAP 
simulation are displayed in Table 4. The emissions from the electricity generation process are fully 
accounted for in the Homer model. 
 

Table 4: results LEAP for Business-as-usual case 

Energy demand             1.185  GWh 
GHG emissions                627  ktCO2, eq

9 
 
 

5.1.1.3 Reduced Energy Demand (RED) 

In the Reduced Energy Demand (RED) case all visions and ideas for the transport sector expressed in 
Chapter 3 were implemented. The ideas were quantified by consulting different expert sources, which 
resulted for example in energy reductions rates. These reduction rates were then inserted into the 
LEAP model for further processing. A summary of visions is given in Table 5.  
 

Table 5: summary of visions and assumptions for RED case 

Visions Assumption Source 
Low-carbon passenger vehicles 40% EV share (57) 

Low-carbon freight vehicles 20% EV share (56), (58) 
Home office 5% reduction of total pkm (59) 

Dedicated Bicycle infrastructure  
15% increase in bicycle share resulting in a 

10.3% reduction in car pkm 
(60) 

iFleet 

-46.2% reduction in miles travelled with 
private cars (average of three sources), 

increased modal shift to walking, biking and 
public transport 

(61), (62), 
(63), (64) 

                                                             
9 Excluding emissions from electricity consumed by the transport sector 
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The assumptions expressed in Table 5 resulted in a modal shift (see Figure 11). The Nakano iFleet will 
only reduce the share of pkm conducted with private owned cars (see explanation Appendix C). Due 
to the strong focus on bicycles the share of pkm conducted on bikes will increase from 14 to 16%. The 
shares of all remaining modes of transport will remain approximately the same. 
 

 
Figure 11: new modal split in the RED case 

 
Additionally, the implementation of all ideas also resulted in both reductions in energy demand and 
GHG emissions. The results calculated by LEAP are displayed in Table 6. Further explanations for 
assumptions and calculations can be found in Appendix C. 
 

Table 6: results LEAP for Reduced Energy Demand case 

Energy demand                777  GWh 
GHG emissions                141  kt CO2, eq

10 
 

5.1.1.4 Deferrable load 

To model the modal shift towards electric cars, a deferrable load simulating the batteries behavior was 
added to every HOMER Pro system. This load was added only in RED scenarios, so in R&N, 0-Nuclear 
and O&S scenarios. Knowing the total amount of EV circulating in the system, and assuming 55 kWh 
as average Li-ion battery capacity, the total storage capacity was calculated to be 960 MWh. Average 
daily load was set to 96 MWh/day, representing recharging of 10% of the total capacity. Determining 
the peak load was more challenging. First of all, a Tesla Supercharger recharging spot was taken as 
reference (65). These devices are able to charge a 110-kWh battery in half an hour only, thus delivering 
220 kW, which were downscaled to 110 kW to match with the average battery. Subsequently, it was 
assumed that in peak hours, 40% of the EVs would be recharging: in the 30 minutes we considered, 
the share would be 20%. This would represent a total required power of around 380 MW. Table 7 
summarizes HOMER Pro inputs for the Deferrable Load. 

                                                             
10 Excluding emissions from electricity consumed by the transport sector 
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Table 7: Deferrable load in RED scenarios as HOMER Pro input 

Load RED 
Storage capacity [MWh] 960 

Daily load [kWh/day] 96 
Peak power [MW] 383 

 
 

5.1.2 Residential 
Shaping the residential energy demand was considered the most crucial step of the modelling process.  
In BAU scenario, residential energy consumption was simply determined with a top-down approach, 
based on population projections for the ward. In the R&N, 0-Nuclear and O&S scenarios the quality of 
the built environment had a significant impact on the final consumption. The construction of more 
energy-efficient buildings, together with a full-scale ban of liquid fossil fuels for thermal use11, provided 
a 44% reduction of energy usage in the sector compared to BAU. Concerning natural gas, it was 
necessary to distinguish between different final usage. It was assumed that only 57% of the total 
consumption would actually be used for heating purposes, while the remaining share would serve as 
fuel for cooking (66). Additionally, a major technology shift towards induction stoves for cooking was 
considered. Results are shown in Figure 12. 
 
 

 
Figure 12: Shares of energy demand in residential sector by demand scenario and fuel 

 
Table 8 shows the final daily energy consumption for thermal and electricity load as input in HOMER 
Pro. More details can be found in Appendix D. 
 

                                                             
11 It was assumed that 1% of the total consumption of LPG and kerosene for residential heating would still be in 
place. 
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Table 8: Residential loads in demand scenarios as HOMER Pro input 

Load BAUD RED 
Electricity load [kWh/day] 2,423,311 2,296,106 
Thermal load [kWh/day] 1,383,618 406,040 

 
 

5.1.3 Commercial and Industrial Sector 
As explained in Chapter 1, commercial and industrial activities have a limited impact on the total 
energy consumption. Both BAUD and RED were determined with respect to consumption of energy 
per floor area in sectorial building in 2015. More specifically, a reduction in consumption was assumed 
in RED for both commercial and industrial sector (67). Similarly, to the process described in the 
previous section, fossil fuels were considered subject to a regulatory ban, which reduced their 
consumption by more than 90%. However, it was assumed that they would be replaced by natural gas. 
Concerning thermal load, the same assumptions presented in section 5.1 were followed. Figure 13 
shows the energy mix of the sector, while HOMER Pro inputs can be found in Table 9. For HOMER Pro 
modelling purposes, the electricity demand of transport sector was added to the corresponding 
cumulative commercial and industrial demand. Details can be found in Appendix D. 
 
 

 
Figure 13: Shares of energy demand in commercial and industrial sector by demand scenario and fuel 

 
Table 9: Commercial and industrial loads in demand scenarios as HOMER Pro input 

Load BAUD RED 
Electricity load [kWh/day] 2,097,580 2,215,789 
Thermal load [kWh/day] 393,737 313,821 
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5.2 Energy Supply 
All the scenarios hereby described have some common boundary conditions, especially regarding the 
grid. Those have been summarized in Table 10, together with specific grid emissions of CO2 equivalent 
greenhouse gases, as given in the project description. As schedule rule for each scenario, the grid was 
always forbidden to charge batteries, and to increase self-consumption, grid sales were strongly 
limited. 
 

Table 10: Grid boundary conditions, as given in project description 

Electricity purchase price 12.5 JPY/kWh 
Electricity sales price 0 JPY/kWh 

Primary Energy Multiplier 2.25 
Primary Renewable Energy Fraction 27% 

Carbon tax 6,031 JPY/tCO2,eq (68) 

Emissions 

Japan 2015 555 gCO2,eq/kWh 
Nuclear scenario 2040 340 gCO2,eq/kWh 
Non-nuclear energy mix 
2040 

430 gCO2,eq/kWh 

 
Post-processing was required to add to system consumption of fossil fuels that were not modelled in 
HOMER Pro, such as liquid fuels for non-thermal demand, together with corresponding emissions. 
More detailed information about assumptions and calculations followed while modelling the energy 
supply mix for each scenario can be found in Appendix E. 
 

5.2.1 Business-as-Usual (BAU) 
The energy supply for this first scenario entirely relies on (almost) absolute inertia. Thus, if compared 
with what the energy mix looks like today, no significant difference could be observed.  The demand 
described previously in section 5.1 is served mostly by the electricity grid, combined with fossil fuels 
accounting for thermal and transport load.  
 

5.2.1.1 Grid and Nuclear Energy 

As stated, electricity from the national grid provides the majority of the energy demand. Treated as a 
separate energy source, the grid has an emission factor of 555 gCO2,eq /kWh. In BAU scenario, nuclear 
energy is still operative, but accounting for a minor share of the total generation.  
 

5.2.1.2 Rooftop PV 

At a closer look, it can be noticed that the importance of PV modules has grown, now accounting for 
12% of the total electricity load of the residential sector. This projection by Bloomberg New Energy 
Finance (69) (70) was included in this model. Additionally, it was extended to commercial buildings as 
well. This was done in order to have a consistent energy supply between this and the next scenarios. 
To calculate the required capacity, 1320 kWh/kWp yield was assumed as reference value (71). In BAU 
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scenario, total capacity reaches 80 MW. Module prices were set constant to nowadays value of 350 
JPW/Wp per installation (72).  
 

5.2.1.3 Final Overview Electricity Supply 

Here, in Figure 14 electricity supply is summarized. 
 

 
Figure 14: Electricity generation in BAU scenario 

 

5.2.2 A Renewable Future together with Nuclear Energy (R&N)  
5.2.2.1 Grid and Nuclear Energy 

Nuclear energy was considered still in place, at a constant share of power generation of 15%. In this 
vision, nuclear power has been secured and improvements have made it possible to provide constant, 
safe and carbon clean energy. This allowed us to apply lower grid emissions (340 g CO2,eq/kWh). 
  

5.2.2.2 Rooftop PV 

Being a residential ward, in each scenario the rooftop PV plays a major role in the energy supply sector. 
That’s why we considered that in 2040 each new building, low- and high-rise, will install PV panels in 
order to reduce carbon footprint. Existing buildings would follow the trend, even though less capacity 
is considered. A significant price drop on market will drop to 200 JPY/Wp. This assumption was 
considered reasonable, since in this way Japanese modules would not even reach nowadays German 
prices (180 JPY/Wp) (72). The total amount of capacity for residential PV panels will be about 230 MW, 
considering an appropriate mix of installation on both existing and new residential buildings, but also 
on schools, hospitals or commercial buildings. The total installation of Rooftop PV is depicted in Figure 
15, considering every type of buildings in the ward.  
 
Installed PV capacity is going to be supported by the presence of batteries that during the day can 
store excessive electricity energy and release it during peak hours. In this way, the huge capacity 
available in batteries can become a real chance to make PV a more reliable technology, fighting the 
biggest weakness of every renewable energy sources: intermittency. The batteries that have been 
inserted in the model account also for the ones coming from the electric vehicles in Nakano, especially 
from Nakano iFleet. More information about energy storage can be found in section 5.2.2.6. 
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Figure 15: Rooftop PV capacity installed in residential and commercial buildings in R&N scenario 

 

5.2.2.3 Offshore Wind 

In general, offshore wind can represent a technology able to deliver an enormous amount of electricity 
to the system. Of course, this must be coupled to the climatic conditions and wind profile of the place 
where the wind turbines would be installed.  The given location for offshore wind power plant, having 
wind speed around 3-4 m/s for the entire year, is not optimal for installing large scale offshore wind 
farms, such the one considered in this scenario (10 MW of offshore wind rated capacity). Because of 
the large investment required to construct such a power plant, it was assumed that the project would 
be directed by Tokyo Metropolitan Government to provide clean energy to the city. The installed 
capacity of this scenario represents the share that would be dedicated to Nakano only (population-
wise scaled) if that could be possible. 
  

5.2.2.4 Waste-to-Energy 

The Metropolitan Government of Tokyo considers waste generation control as the most important 
option for waste management. In fact, since 1995, even if the population was rising, the municipal 
solid waste (MSW) produced in Tokyo has steadily decreased (73). Thus, in order to estimate the 
amount of MSW produced in Nakano in 2040, a steady decrease of the waste per cap has been 
considered. Looking at Table 11, the amount of recycled waste must increase by 15,174 ton between 
2015 and 2040 in order to reach the KPI of 70% recycling. This composition of this increase in waste is 
shown in Figure 16. 
 

Table 11: Municipal Solid Waste in Nakano (16) 

 2015 2040 

Nakano Population 316,625 291,587 

MSW per cap (ton) 0.238 0.189 

MSW produced (ton) 75,324 55,086 

Share of recycled waste 31% 70% 

Recycled waste (ton) 23,385 38,560 
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Figure 16: Composition of the additional 15,174 tons of waste to recycle (25) 

 
As mentioned before, the KPI set for recycling will be approached by turning waste into clean fuels 
that will help to reach the net zero emission target and by investing in a paper recycling plant. 
Furthermore, the new biogas plant will turn the 3,794 ton of food waste into biogas. As discussed in 
Chapter 3, this facility will be located in Tokyo Super Eco Town and it will handle food waste coming 
from all over Tokyo. Allocating for population the shares of the different wards, 2.34% of the food 
waste entering the plant will come from Nakano. Therefore, to recycle the 3,794 ton of food waste 
coming from Nakano, the new facility should be able to handle 161,932 ton/year. Using a calculation 
tool offered by the company Biogas World (74), this amount of food waste will produce 20 million m3 
of biogas, with 469,460 m3 of it allocated to Nakano. Considering an efficiency of 65%, this will 
guarantee to Nakano 305,149 m3 of biomethane per year to fuel its bus fleet. 
 
However, calculations for energy demand show that the Nakano’s share of the biomethane would not 
be enough to fuel the entire bus fleet in 2040. In addition to that, there is a high consumption of natural 
gas for heating purposes in the ward. Thus, it has been considered that the municipality of Nakano will 
buy additional biomethane from the wards that do not consume their shares. This would still be 
convenient for the municipality, as buying biogas produced within Tokyo would be better than 
importing diesel, from both an environmental and economic point of view. Therefore, in order to fully 
meet the demand of the bus feet in Nakano and to meet 20 % of the heating demand with clean 
biomethane, in 2040, the municipality of Nakano will buy an additional 1.4 million m3 of biogas and 
5.7 million m3 of biomethane. 
 
With all the food waste recycled in the new biogas plant, there are still 11,381 ton of MSW that need 
to be recycled in order to reach the 70% recycling target. This will be done by using a gasification plant. 
As stated in Chapter 3, the innovative technology developed by the British company Power House 
Energy Group would guarantee a plant able to handle 25 tons of MSW per day and offer 1.5 MW of 
power capacity, 17% of which is used to run the facility. The ultra-high temperature gasification reactor 
works with multiple waste streams, except for nuclear and radioactive waste.  This means that 9,125 
ton per year of the additional MSW to recycle will be turned into syngas, which can fuel a natural gas 
turbine to provide 1.5 MW of power capacity. 
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5.2.2.5 Bicycle Highway PV Shading 

Another idea to increase the primary renewable energy fraction for Nakano would be PV shading along 
the bicycle highway. As a rough estimation, the total length of the lanes would be 11 km, divided into 
two lines. The first one would cross the ward from East to West, and it would be circa 5 km long. The 
remaining length would be completed going from North to South. The two lines would cross at Nakano 
Station. in this way, no one in the ward would live at more 2 km from the closest access to the bicycle 
highway. The shading will extend to 2.75 km, which represents 25% of the bicycle highway. The idea is 
to have PV panels in the two different lanes with an East-West solar tracking system, shading people 
travelling within Nakano with the bicycle. A panel of 400 Wp having dimensions 1x2 m has been 
considered, resulting into a total capacity of 1,100 kWp. This installation is not supposed to significantly 
decrease load from the grid connection, but it is an idea to produce electricity in a clean way exploiting 
unused spaces and at the same time producing an added value, the shading for the people within 
Nakano.  
 

5.2.2.6 Energy storage 

Implementation of such large renewable energy capacity was supported by distributed deployment on 
energy storage. To fill for intermittency of renewables, especially of rooftop PV plants, Lithium-ion 
batteries were introduced in the system. Installed in the majority of low-rise residential buildings, 
those batteries would have a 5.6 kWh capacity, selected to represent a Panasonic residential battery 
(75).  Following the strategy of this Japanese company, our aim is to provide a secure energy storage 
for as many Japanese households as possible, while at the same time, installing a virtual power plant, 
as already described in section 3.3.1. Covering commercial and public buildings as well, a total storage 
capacity of nearly 400 MWh would be installed. Figure 17 clearly shows the dispatch model: batteries 
would charge during solar peak hours to later release power after 17:00.  
 

 
Figure 17: Battery daily state of charge in May in R&N scenario, as a screenshot from HOMER Pro 

  

5.2.2.7 Final Overview Electricity Supply 

Figure 18 summarizes electricity supply of Nakano ward in R&N scenario. 
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Figure 18: Electricity generation in R&N scenario 

 

5.2.2.8 Supply of thermal power 

In this scenario, biomethane would account for 20% of total demand of natural gas, with the intention 
to increase PRF of thermal sector up to 20%. Production of biomethane from waste treatment facilities 
together with acquirement of needed resource is assumed to provide for the required amount of fuel.  
Since only one boiler to account for thermal load can be input in HOMER Pro, model of R&N scenario 
only considered natural gas, while biomethane was added during post-processing.  
 

5.2.3 Zero Nuclear Energy Policy 
As Japan is on the brink of deciding the future of nuclear power in its energy system, a non-nuclear 
scenario was modelled. This scenario can be seen as a (carbon) “dirtier” version of the previous one, 
since the only significant change is in grid emissions. The system schematic is equal to the one for R&N. 
 
In this scenario, the grid was modelled excluding nuclear energy, meaning that the CO2 emissions have 
been set to 430 g CO2,eq/kWh. Rooftop PV, offshore windfarm, the bicycle highway PV shading system, 
waste-to-energy, energy storage and supply of thermal load have not been modified compared to the 
R&N scenario, since the energy source shift would happen outside the boundary conditions of Nakano 
energy system.  
 

5.2.4 The Ocean and the Sun 
Of all the scenario presented, here it is where the bravest assumptions were made, with a strong focus 
on energy from both ocean currents and the sun. This was achieved through significat drop in prices 
for all the renewable technologies. 
 

5.2.4.1 Grid 

A non-nuclear electricity grid has here been modelled, with the same emission factor as in the previous 
scenario. To support nuclear phase out, more power generation sources have been introduced, all of 
them renewables, with the result of having a district that relies on the grid only for the 18% of the 
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electricity production. Looking at this result from another perspective, the air quality inside the ward 
has been improved, being CO2 emissions 75% less than BAU scenario. 
 

5.2.4.2 Rooftop PV 

This scenario considered a cross-sectorial installed capacity of 355 MW, in other words, saturation of 
available rooftop area has almost been achieved on both residential and commercial buildings. In 
general, 89.9% of every building was equipped with a PV system. Capacity breakdown is shown in 
Figure 19. As a reference price for modules, 150 JPY/Wp was assumed.  
 

 
Figure 19: Rooftop PV capacity installed in residential and commercial buildings in O&S scenario 

 

5.2.4.3 Offshore Wind 

To fill in the gap left available by nuclear energy, the offshore windfarm previously designed was now 
increased in capacity by five times, hence reaching 50 MW. As for the two previous scenarios, the idea 
is design an extensive windfarm, of which only a share is dedicated to Nakano.  
 

5.2.4.4 Waste-to-Energy 

Because of limited amount of waste resource, it was not possible to install more syngas power plant 
in the ward. Capacity was thus limited to 1245 MW, as in R&N and 0-Nuclear scenarios. Furthermore, 
in this scenario, the share of biomethane replacing natural gas reaches 40%.  
 

5.2.4.5 Large-Scale PV Power Plant 

In the last three years, more than 4,680 MW (76) capacity have been installed as a photovoltaic power 
station. In 2040, the assumption has been that a district like Nakano inside a big city as Tokyo can have 
its own large-scale PV power plant able to partially satisfy the electricity demand. In order to decide 
which capacity should be installed, a list of past projects have been gathered and analyzed according 
to Nakano’s needs. To be realistic, the project should cover a reasonable area and the capacity should 
be chosen accordingly to the needs of a district. The capacity installed was chosen to be 300 MW as 
the Cestas Solar Farm in Bordeaux, France, represented in Figure 20. It occupies 2.5 km2 and it 
produces the equivalent of the residential power consumption in Bordeaux (77). Due to the similarity 
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of population between Bordeaux and Nakano, the reasonable area covered, and the residential 
purposes of this plant, we thought it would have been an excellent example of how a large-scale 
photovoltaic power station could look like for Nakano. 
 

 
Figure 20: Cestas Solar Farm, Neoen project, on which it collaborated with Schneider Electric 

 

5.2.4.6 Bicycle Highway PV shading 

We assumed that, in a society that values renewable energy this much, our Bicycle Highway would be 
much more trafficked. It would then need more shading devices, in form of PV modules, to protect 
Nakano bikers from the warmth of Tokyo summers. In this scenario, 50% of the total length of the 
Bicycle Highway is shaded, reaching 2200 kWp of installed capacity.   
 

5.2.4.7 Ocean Energy 

The most famous ocean current in the world is Gulf Stream. It begins in the Gulf of Mexico, flows up 
the eastern seaboard, then crosses the Atlantic to Europe. Its warm waters help regulate temperatures 
across two continents. There is an equivalent current in the western Pacific Ocean as well. It flows past 
Taiwan and along the eastern coast of Japan before turning toward the Pacific. It’s known as the 
Kuroshio Current. It is the largest current in the western Pacific (78). In Figure 21, it is represented 
where the speed of this current is more relevant. 
 

 
Figure 21: Kuroshio current speed along the southern coast of Japan (79) 
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With an average speed of 1.28 m/s outside the coast of the Kii Peninsula, there already are several 
studies to produce power from this constant flow of water (80). The idea in the O&S scenario was to 
exploit the enormous potential of that current, that tops at 3 m/s speed in May and June (79). The 
current speeds are quite similar to the wind ones, but the energy production of the ocean energy in 
this scenario is 228,251 MWh, almost three times more than off shore wind energy production for the 
same installed capacity. The reason is in the different fluids involved: being the density of the water 
almost 1000 times higher than the air density, the energy production will be higher even if the installed 
capacity and the available speeds are the same. In this fourth scenario, with 50 MW installed capacity, 
Kuroshio current energy accounts for the 10% of the total amount of electricity produced in the system 
by 2040. 
 

5.2.4.8 Energy storage 

Since the renewable capacity of this scenario is significantly higher than in the previous ones, more 
energy storage capacity was required in order to reduce purchase of electricity from the grid. The first 
step was to increase the number of Panasonic-like residential batteries; secondly, high-rise buildings, 
such as the ones pictured earlier (section 3.2), would be provided with 2 larger batteries. As a 
reference, Tesla’s Lithium-ion Powerpack (81) was used. With a capacity of 210 kWh installed in less 
than 2.5 m3, these batteries were chosen as the optimal solution for large multi-apartment buildings. 
In this model, two of those were considered for all new high-rise residential buildings, while only one 
for commercial buildings where PV have been installed. However, only one storage technology was 
selected, due to a software limitation, since HOMER Pro was proven unable to model a system using 
more than one battery technology. Subsequently, it was, it was calculated that 38 Panasonic-like 
batteries would be needed to simulate a Powerpack. Finally, 4,853 Powerpack-like and 89,069 
Panasonic-like batteries would be installed, for a total storage capacity of nearly 1.4 GWh: this would 
make the entire Nakano a distributed storage system.  
 

5.2.4.9 Final Overview Electricity Supply 

As it can be seen from Figure 22, Nakano’s electricity is mostly provided by other energy sources than 
the grid.  
 

 
Figure 22: Electricity generation in O&S scenario 
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5.3 CO2 Emissions 
One significant goal of this project was to reach net zero GHG emissions in 2040. In order to reach this 
goal two strategies were considered. The first one being the avoidance of GHG emissions by 
implementing the ideas expressed in Chapter 3. The second part of reaching net zero emissions was 
to offset all remaining GHG emissions with the Nakano Reforestation Fund. The Nakano Reforestation 
Fund will financially support projects for urban greening inside the ward, regional reforestation 
projects inside of Japan and international reforestation projects. The international reforestation 
projects will have additional benefit of promoting the Sustainable Development Goal 15 “Life on Land”. 
The NRF will first focus on utilizing the entire potential existing inside the ward. Afterwards it will focus 
on regional and international projects to offset the remaining GHG emissions. The resulting storage 
capacity of the urban greening areas is calculated in Appendix G. Due to the increased reallocation of 
building area to urban green area, the carbon sequestration of these urban green areas could be 
increased by nearly six times, resulting in a CO2 sequestration potential of 31,490 tCO2,eq per year (82). 
The assumptions and calculation procedures leading to this result are found in Appendix G. 
 

Table 12: Urban carbon sequestration potential and costs 

 BAU Other Scenarios 
CO2 stored [ktCO2,eq] 5.25 31.49 

Annual abatement cost [million ¥/a] 14.30 85.81 

Annual abatement cost per capita [¥/capita a] 49 294 
 
 

The required forest areas to offset the remaining GHG emissions are shown in Table 13. The needed 
forest areas vary between 0.73 km² and 1.43 km² depending on the scenario. The annual cost per 
capita vary between 1,473 and 2,888 Yen, which translate to 13.5 and 26.5 US $ (83). 
 

Table 13: Remaining carbon sequestration need and costs 

 BAU R&N 0-Nuclear O&S 

Needed forest area [km²] 3.11 1.21 1.43 0.73 

Annual abatement cost [million ¥/a] 1,828 714 842 429 
Annual abatement cost per capita 
[¥/capita a] 6,269 2,449 2,888 1,473 

 
 

5.4 Paper Recycling  
The biogas and syngas plants will treat 12,919 ton of waste, so in order to reach our KPI goal, an 
additional 2,256 ton needs to be recycled. Considering that all the food waste is treated in the biogas 
plant, and that all the plastics, wood and other waste, shown in Figure 16, is recycled in the syngas 
plant, the remaining part to recycle consists of paper waste. Thus, in all the scenarios but the BAU, a 
paper recycling facility has been introduced. 
 



 44 

The KPI can be easily met by adding a recycling facility in Tokyo Super Eco Town. This will not need a 
heavy investment for the municipality, as the cost for a recycling paper machine that handle this 
amount of paper would be in the order of 4 million JPY (84). Furthermore, it must be stated that not 
all the paper waste can be recycled, but it is reasonable to recycle the estimated amount, as it 
represents 37% of the total paper waste (Appendix F). 
 
It must be pointed out that the energy demand of the paper recycling plant has been neglected in all 
the scenarios. This assumption is reasonable as recycling paper will not increase the energy demand 
of the system, but rather decrease it. In fact, paper recycling consumes only 60% of the energy used 
to produce paper from fresh pulp (85). 
 

5.5 Results 
Here, an overview of all the final results in terms of KPIs is presented. As it can be seen from Table 14, 
the described scenarios reach different level of satisfaction of the chosen objectives. In particular, it 
can be observed that BAU scenario would only meet total primary energy supply per capita, while R&N, 
0-Nuclear and O&S scenario performed extremely well in almost every KPI. 
 

Table 14: KPIs for each scenario 

KPI Unit BAU R&N 0-Nuclear O&S Objectives 
Primary renewable energy 

fraction 
% 16.8 32.8 35.7 52.4 80.0 

Total primary energy supply 
(per capita) 

MWh/person 16.2 13.9 13.9 10.9 17.5 

CO2 emission rate Mton CO2,eq 1.4 0 0 0 0 

Green area 
ha/1000 

inhabitants 
0.14 0.72 0.72 0.72 0.90 

Recycled material fraction % 31 70 70 70 70 
 

 
To achieve the objective concerning green area, the replacement of 30% of existing low-rise residential 
buildings, corresponding to about 16,000 buildings, was considered, as was explained qualitatively in 
Chapter 3. The conversion from land that is saved in this way to urban green area was considered to 
be 100%. Furthermore, the total system installation cost for the different scenarios, including the 
reforestation expenses from Nakano Reforestation Fund, are presented in Table 15. 

 
Table 15: System costs for each scenario 

Scenario System costs [billion JPY] 
BAU 35 
R&N 119 

0-Nuclear 120 
O&S 370 
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6  Economic Portfolio Analysis 
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HOMER Pro uses a parametric optimization approach to give a ranking of energy system solutions 
based on total cost for electricity (or energy depending on the system). Technical or environmental 
goals usually come with additional cost and it is very interesting to know at a systems level how costs 
change across the range of a KPI. In this chapter the pareto curves, or also called pareto fronts, that 
were found for our system will be presented. The data needed to generate the pareto fronts was 
obtained by means of the results provided by Homer after an intense simulation process, with many 
varying parameters and necessary amount of post-processing. To run the simulations, we mainly made 
the capacities for each technology vary. All variations taken into account are shown in Table 16. A 
pareto analysis was performed for two of the main KPIs, the primary renewable energy fraction and 
CO2 emissions, both for the O&S scenario. 
 

Table 16: Variation on the installed capacities for the Pareto Analysis simulation 
 

PV residential PV commercial PV shading Large solar PV 
 

Installed 
capacity [kW] 

 
 
 
 

Installed 
capacity [kW] 

225 50 1100 100 
250 94 2200 300 
271 150 4400 500 
300 

  
700 

325 
   

Offshore wind Syngas Batteries Kuroshio 
25 700 100000 32 
50 1245 150000 50 
75 2500 250000 80 

100 
 

300000 128 
 
 

6.1 Primary Renewable Energy Fraction 
The first pareto front that will be analyzed is the one related to the primary renewable energy fraction 
(PREF) of our energy system. The pareto curve can be seen in Figure 23. It can easily be noticed that 
our design point (shown in red) is still pretty distant from the pareto front, or the optimal solution line 
for the specific KPI. This is due to a lot of reasons, such as the fact the feasibility of the project was 
evaluated starting from the physical possibilities offered by our ward. As a matter of fact, to build our 
project we evaluated for also the CAPEX, OPEX and the Net Present Value as well as how big the actual 
space to install, for instance, PVs on building or on commercial buildings was, with accurate 
calculations as described in Appendix E. The same can’t be said for the pareto curve procedure 
followed by Homer, which completely disregards these features and makes it possible that the 
technology mix on the optimum points of the chart may have a completely unrealistic amount of 
residential PVs or even offshore turbines, only because of their supposed cost-effectiveness. 
 
This being said, the simulation results did supply us with sufficient data to identify the pareto curve, 
which relates the primary renewable energy fraction to the total cost of the system (Figure 23). 
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Figure 23: Result of the pareto front analysis related to the PREF 

 
The reason why a pareto front is such a useful tool for discussion is because, in this way, a direct 
relation between the chosen KPI and the corresponding system cost can be seen. Looking at Figure 23, 
it can, for example, be seen that to achieve a PREF of 64%, which is about 10% more than is achieved 
by our system, the total system cost would increase by roughly 33%.  
 

6.2 CO2 Emissions 
The second pareto front that is analyzed is the one related to the CO2 emissions. Results can be seen 
in Figure 24 and Figure 25. From the evaluation it appeared that our system emits roughly 0.36 Mton 
of CO2,eq before accounting for reforestation (carbon sink), with a cost of around 360 billion JPY12. This 
can be seen in Figure 24. In this way, it was possible to see how large the emissions were for each 
simulation made by Homer in comparison with the costs calculated case-by-case to reach the net-zero 
CO2 emissions target. In this case the optimal pareto curve is the one with minimum emissions and 
minimum costs. It can clearly be seen that the pareto curve starts increasing rapidly for values lower 
than 0.32 Mton CO2,eq, meaning that the system cost increase enormously for a total CO2 emission 
lower than this value. However, this is actually only an intermediate result, since carbon storage 
through reforestation is not yet included in the pareto analysis. 
 
In Figure 25, the final system results concerning CO2 emissions (including carbon sink) is shown. It can 
be seen that now, our system achieves the goal of net-zero CO2 emissions. Since the cost of reducing 
CO2 emissions through reforestation projects is relatively small (Appendix G), the pareto curve shows 
that even “net-negative” CO2 emissions would be possible without the cost of this increasing 
significantly, if of course enough land can be found to perform these reforestation projects. However, 
with land scarcity possibly only increasing in the future, land prices might go up and effect the results. 

                                                             
12 This value already includes the future cost of reforestation to reach net-zero CO2 emissions in the system.  
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Figure 24: Result of the pareto front analysis related to the CO2 emissions, before adding the carbon sink 

 
 

 
Figure 25: Result of the pareto front analysis related to the CO2 emissions, after adding the carbon sink 
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7  Economic Cost/Benefit and 
Sensitivity Analysis  
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7.1 Biogas Plant 
As already mentioned in the previous sections, the biogas plant is an investment to be pursued by all 
the wards of Tokyo, so, it can be considered as an investment of the Tokyo Metropolitan Government. 
In this economic evaluation, the investment will be analyzed from the point of view of Nakano 
municipality, which would ideally contribute to 2.34% of the investment gaining 2.34% of the benefits, 
as this is the share of Tokyo population resident in Nakano in 2015. 
 
The CAPEX is received from the calculation implemented on Biogas World website (74). Nakano will 
contribute to 2.34% of it, which means 625,677,258 JPY. The OPEX has been considered as 3% of the 
Capex (86). The savings have been estimated considering that the municipality will not have to buy 
methane to fuel the buses and that it will not have to pay a company for either treatment or final 
disposal of the waste. The interest rate is assumed to be 7%. Considering these input parameters, the 
economic analysis has given the results shown in Table 17. 
 
 

Table 17: Discounted cost/benefits analysis for the biogas plant 

Net Present Value 289,471,977 JPY 
Internal Rate of Return 11% 

Discounted Payback Time 13 
Benefit to Cost Ratio 1.33 

 
 
Looking at the results, it is clear that the implementation of the biogas plant is cost-effective even 
without considering additional benefits that may come from either CO2 emissions savings or subsidies 
for renewables. In fact, all the parameters are positive, with almost 300 million JPY of NPV, a benefit 
to cost ratio higher than 1 and an IRR higher than the interest rate. The only negative aspect may be 
the long payback time, but with an estimated lifetime for the plant of 30 years, then a payback time of 
13 years is not bad at all. 
 
However, the parameters used for the calculation come from estimations and they might vary within 
a certain range. Thus, a sensitivity analysis is the right tool to show how the investment would be 
affected from the variation of certain parameters. In Figure 26 and Figure 27 it can be seen how IRR 
and NPV are affected from the variation of important parameter such as CAPEX, natural gas price and 
savings upon waste management. 
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Figure 26: Sensitivity analysis on IRR for the biogas plant 

 

 
Figure 27: Sensitivity analysis on NPV for the biogas plant 

 
The analysis shows that the investment would be convenient even with a higher CAPEX. In fact, the 
investment remains cost effective until the CAPEX is 30% more than the estimated. 
 
Moreover, it is clear that the revenues coming from the waste affect more the economic parameters 
than natural gas price. The savings have been estimated considering that the municipality would save 
20 JPY/kg on the intermediate treatment and 3 JPY/Kg on the final disposal of waste (87). On the other 
hand, the revenues due to the biomethane production have been calculated considering the actual 
price for natural gas in Japan as base value, around 7 $/GJ (88). The result is that most of the savings 
will come from not paying a private company to treat and dispose the waste, and the cost of these 
activities has a higher impact than the cost of the natural gas. 
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7.2 Offshore wind farm 
The offshore wind farm is an essential element of the proposed energy system. Especially in the O&S 
scenario, where, with 50 MW of installed capacity, it will play a crucial role in achieving the KPIs on 
primary energy from renewable and CO2 emissions reduction. Obviously, someone must pursue the 
investment of building and operating it. Without specifying if the wind farm will be a private or public 
investment, an economic analysis has been implemented to evaluate the cost-effectiveness. In this 
project, the revenues for the electricity sold to the grid has been set at 0 JPY/kWh, so, in this initial 
evaluation, the savings for the wind owner will come from not buying electricity from the grid.  
 
The CAPEX has been set at 550 million JPY/MW, and the OPEX at 20 million JPY/MW (89). The capacity 
factor and the annual production have been calculated on Homer basing on the location set for the 
project. Considering these parameters, with an interest rate of 7%, the basic economic analysis has 
given the results shown in Table 18.  
 
 

Table 18: Discounted cost/benefit analysis for the offshore wind farm 

Net Present Value -26.5 Billion JPY 
Internal Rate of Return -0.12 

Benefit to Cost Ratio 0.34 
Payback time Over 200 years 

 
 
It is clear, that with the conditions set for this analysis is not feasible to invest in an offshore wind farm 
for either a public or private agent. Thus, incentives from the national government are needed to 
support investments in this sector. There are different kind of subsidies that can be offered for 
renewable power generation: a feed in tariff; an allowance for each kWh produced even if self-
consumed; or the implementation of a cap and trade system, where renewable generators receive 
certificates they can sell to the emitters which do not respect the emission allowance. Without 
choosing a specific policy for renewable support, another economic analysis has been implemented, 
considering as base value a revenue of 36 JPY/kWh, which is the feed in tariff currently offered by the 
Japanese government for offshore wind power (90).  
 
Considering as base value an incentive that guarantees an income of 36 JPY/kWh, the sensitivity 
analysis reported in Figure 28 and Figure 29 shows that this subsidy is the the minum that can be 
offered. In fact, already with a decrease of 10% for the incentives, the investment is not cost effective 
anymore, as it would present a negative NPV and an IRR lower than the interest rate. 
 
In addition to that, it can be noticed that a slight increase in the CAPEX would make the inventives 
ineffective. Thus, it can be stated that a revenue of 36 JPY/kwh would not be enough to make investing 
in offshore wind convenient, as the CAPEX is not a fix parameter and it can varies for different projects.  
Finally, the sensivity analysis suggests that the economic feasibility of offshore wind power depends a 
lot on the capacity factor. Choosing a different area can really make the difference, as the region 
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considered for this project offered a capacity factor of generally 20%, which is not high for an offshore 
wind farm. With a capacity factor of 30%, so 50% more than the base value, the investment would be 
much more convenient. 
 

 
Figure 28: Sensitivity analysis on IRR for the offshore wind farm considering incentives 

 

 
Figure 29: Sensitivity analysis on NPV for the offshore wind farm considering incentives 

 

7.3 Rooftop PV 
The installation of a large number of rooftop PVs is central for the sustainable vision of a residential 
ward as Nakano, but is it feasible? Would inhabitants and companies invest their moneys in the 
installation? A basic cost-benefit analysis has been implemented to provide an answer to these 
questions. In the analysis, the revenues come from not buying electricity from the grid, so an income 
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of 12.5 JPY/kWh has been considered. There are two different business models for the PVs installed in 
Nakano. Those installed on the new buildings will be owned by companies, that will buy or rent the 
rooftop space when the buildings are sold. On the other hand, the PV panels installed on the old 
buildings will be owned by those inhabitants who decide to pursue this investment. 
 
The companies that would invest in rooftop PVs are likely to install a large number of PVs, so they will 
benefit of a more convenient price than the inhabitants who will install one or a few PV panels. Thus, 
in the economic analysis, a module price of 180 JPY/W and 220 JPY/W have been set for new and old 
buildings respectively. The results of the economic evaluation are shown in Table 19. 
 
 

Table 19: Discounted cost/benefit analysis for the Rooftop PVs 

New Buildings Old Buildings 
Net Present Value 11.2 Billion JPY Net Present Value 540 Million JPY 
Internal Rate of Return 9% Internal Rate of Return 6% 
Payback Time 16 years Payback Time 19 years 
Benefit to Cost ratio 0.44 Benefit to Cost ratio 0.2 

 
 
The installation of PV panels is definitely cost-effective for the companies that will invest in the rooftop 
of the new buildings, although a payback time of 16 years is pretty long. On the contrary, for the 
inhabitants, investing in PV panels seems less convenient even if the investment pays off. 
 
As for the cases of biogas and offshore wind, a sensitivity analysis is used to estimate how the 
investment would be affected from the variation of certain parameters. For both commercial and 
residential PVs, it is interesting to see what would happen with the variation of either the module or 
electricity price. In fact, these elements affect a lot the productivity of the investment, and they are 
likely to vary considerably until 2040, as they have also varied during the last years. 
 
The sensitivity analysis reported in Figure 30 and Figure 31 suggests that the cost-effectiveness of the 
investment depends a lot on the module price. If the reduction in prices of the last years continues 
during the next decades, investing in rooftop PVs will become extremely convenient. 
 
Moreover, the revenues for the PV owners are highly affected by the price of electricity. It is interesting 
to look at the case of the residential PVs on old buildings, as with the base value it was not really 
convenient for residents to invest, but the picture would change when electricity price increases of 
50%, with an IRR of 13%. This suggests the implementation of an incentive policy to support residential 
PVs. In fact, with the conditions shown in Table 19, not many inhabitants would be tempted to install 
a PV panel on their rooftop. Whereas with the implementation of a feed in tariff of only 18.25 JPY/kWh, 
50% more than the set price for electricity of 12.4 JPY, more residents will be likely to install a PV panel 
on their rooftop and contribute to a more sustainable power mix. 
 
 



 55 

 
Figure 30: Sensitivity analysis on IRR for PV panels on new buildings 

 

 
Figure 31: Sensitivity analysis on IRR for PV panels on old buildings 
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8  Business Model Innovation 
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In this section, the business model of introducing the Nakano iFleet to our ward will be presented and 
analyzed. Why is the introduction of this next-generation car sharing service of such importance? This 
is related to the specific goals of this project. It is important when conceiving possible innovative 
concepts that the main goals are always kept in mind, and this is exactly what was done when deciding 
to put the Nakano iFleet in our vision for 2040. Of the five main goals stated for this project, this new 
service will contribute directly to four of them. 
 
To present the iFleet concept, the Business Model Canvas will be used. The model structure categorizes 
the processes and internal activities of a business into nine separate categories, each representing a 
building block in the creation of the product or service and discussed below (91). A schematic 
representation of the developed model is shown in Figure 32. The Model will be developed in a 
qualitative way, since an in-depth cash-flow and profitability analysis is out of the scope of this project. 
 
Customer segments – who are our customers? 
 
By fulfilling its transportation purpose, the customers the Nakano iFleet is aiming for is everyone that 
uses a car (private, taxi or other) to perform a certain journey of small to medium range (larger range 
journeys such as travel between cities in Japan or journeys leading out of Tokyo is not the aim of this 
service). Within this broad group of customers, different categories can be defined. First of all, there 
are the private users. These include frequent clients who, for example, use the service to commute to 
work, occasional users and tourists. Secondly there are businesses who could offer an iFleet 
membership or yearly useable credit to their employees as an alternative to a company car. 
 
Value propositions – what do we offer? 
 
Car ownership in a city isn’t always very convenient. First of all, the initial investment for the car is 
needed. When the car is not being used it needs to be parked somewhere, and the cost for this can be 
significant. A car and all its drivers need to be insured and after certain periods of time car owners 
need to get their car checked or serviced at the garage. However, many people still prefer the comfort 
of having a private car. Now, what the iFleet offers is an equivalent experience to having a private car, 
since if desired, after booking, a vehicle will pick you up at a location of choice, without the burdens 
coming with owning a car while living in a city. In this way, the manner in which a need for car transport 
is supplied is optimized and issues related to car ownership are solved for the customer.  
 
The variety of iFleet vehicles will all be state of the art electric fully-autonomous vehicles, suitable for 
different number of passengers. Next to a high level of comfort that will be experienced during 
journeys, this service offers an innovative and environmentally friendly way of transport. Furthermore, 
through supporting software and a mobile application the processes of booking, pre-booking, 
cancelling or payments will be very accessible and user-friendly.  
 
Additional benefits of this service might be seen as more indirect to the costumers. With the 
hypothesis that this service could eliminate the concept of car ownership to a certain extent, the 
numbers of cars in the city can be reduced significantly. Furthermore, these autonomous iFleet 
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vehicles can be parked in a much more efficient way. This means that we will be creating space, space 
that could be turned into green area, which would benefit all the citizens of Nakano. Looking at the 
life-cycle CO2 emissions of this new concept, they will be much less than those of the original system 
where everyone buys their own car. This means a better environment for everybody. And lastly, 
looking at the total storage capacity a big iFleet might have, this capacity can help the energy system 
deal with the higher shares of fluctuating energy sources like wind and solar. 
 
Another benefit is that this service could be used as a pilot project for the rest of Tokyo. It is important 
that new ideas are first tested on a low scale before they are scaled up. But if successful, the potential 
of implementing this service into entire Tokyo could be enormous.  
 
Channels – how do we reach the customer? 
 
Contacting the costumer is a crucial part of any innovative business proposal. In order for the 
costumers to have a clear and in-depth overview of every aspect of the service, a website will be 
created where all the relevant information will be available. Furthermore, a user-friendly mobile 
application will be launched so that all customers can have access to all the information as well as to 
the complete booking system wherever they are. Through the app (or the website), contact details of 
a customer help service will be provided as well as the possibility to start a chat session with someone 
from customer service. In this way, in case of any issues or questions, all costumers can be helped 
immediately.  
 
Customer relationships – how do we interact with the customer? 
 
The relationship with the customer will consists of automated booking or any other interaction with 
the service through the website or the mobile application. Like stated before, in case of any unresolved 
issue the costumer will have the possibility to contact the customer help service who will try their best 
to solve the issue or answer any questions the customer might have.  
 
Key resources – what do we need? 
 
In order to provide the value to our customers there are some assets we will need. First of all, we need 
to physically create the Nakano iFleet, including the locations where they will be parked when inactive 
and connected to the energy grid. We also need employees running the costumer help center. Then, 
maybe the most crucial part of this automated service, we will need an integrated software, website 
and mobile application, controlling and regulation the entire operation of the iFleet to provide to 
promised services. Finally, if we want to reach the full potential of this service, we will need to collect 
and process a lot of data. To name a few, real-time operating conditions of the iFleet must be 
monitored, preregistered journeys must be integrated in the software to optimize operation and 
energy demand data is necessary to plan vehicle charging as well as vehicle-to-grid services. All of these 
components will be crucial to the quality of the services that can be delivered and to ensure a flawless 
operation. 
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Key partnerships – who will help us? 
 
Who do we need to be able to get the resources we need and provide a qualitative service? Through 
a partnership with Toyota, the Nakano iFleet could be created. The next step is to find the charging 
and parking spots for the inactive vehicles. In was previously already stated that the new apartment 
buildings could be facilitated with underground parking area. Through agreements with the building 
owners, these areas (or part of them) be used for the Nakano iFleet. However, other locations such as 
government owned new parking facilities under, for example, parks could be feasible options as well. 
Furthermore, all possible issues for our customers should be eliminated, therefore all journeys with 
the iFleet should be fully covered by a qualitative insurance. For this we would need the help of an 
insurance company. To develop the software, we will need the help of an IT company. And to acquire 
all the needed data, we would need the help of the customers themselves and the energy system 
operator. 
 
Key activities – how do we realize the value propositions? 
 
For the business to be effective and to follow through on the value proposition, some key activities 
will be needed. All the data that is crucial or even relevant to the services must be gathered, analyzed 
and integrated in the operating system. This, together with managing the general working of the iFleet 
is the key activity of the business. Furthermore, customer service must resolve all ongoing customer 
issues as efficient as possible to ensure a comfortable user experience. For the same reason, all iFleet 
vehicles must be in perfect operating conditions. However, this activity would most likely be 
outsourced to Toyota in the form of a maintenance agreement. Finally, marketing and advertisement 
will be needed to promote our service, especially in the initial phase. 
 
Cost structure – what will it cost? 
 
Of course, all of the needed resources and key activities cost money. There is the initial cost of creating 
the iFleet and charging infrastructure. All the employees running the customer service, marketing and 
advertisement departments will require a monthly salary. The software responsible for operating the 
system needs to be developed by an IT company that will not do the work for free. The insurance on 
all the vehicles will represent an annual cost. Parking space in larger buildings will probably have to be 
bought (or rented). And there will be a monthly cost for the maintenance contract with Toyota. 
 
Revenue streams – how much will it make? 
 
Payment of the service will be variable. Subscription plans will give the possibility to use the service 
for a certain number of kilometers (or time) over a certain period. However, not to lose the occasional 
customers or tourists, paying for single-use of the service will also be an option (per kilometer or time). 
Furthermore, since the deferrable load capacity of the iFleet will help to balance the grid, this will 
produce an additional revenue for the company in the form of a cost for the grid operator. However, 
an in-depth study on the profitability of this business concept was out of the scope of this project. 
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Figure 32: Business Model Canvas for the Nakano iFleet 
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9  Discussion 
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Results from this study are now presented in Table 20 and compared with values for Nakano of 2015.   
 

Table 20: Results and comparison with actual values and objectives 

KPI Unit 2015 BAU R&N 0-Nuclear O&S Objectives 
Primary renewable energy 

fraction 
% 11.7 16.8 32.8 35.7 52.4 80.0 

Total primary energy 
supply (per capita) 

MWh/person 19.5 16.2 13.9 13.9 10.9 17.5 

CO2 emission rate Mton CO2,eq 1.12 1.40 0 0 0 0 

Green area 
ha/1000 

inhabitants 
0.14 0.14 0.72 0.72 0.72 0.90 

Recycled material fraction % 31 31 70 70 70 70 
 
As can be seen, in each scenario major step towards a much cleaner and more sustainable future are 
made, even though the initial objectives of this study are not always met.  
 
For instance, it can be said that reaching higher values of primary renewable energy fraction was much 
harder than expected. Even in the O&S scenario, which considers large penetration of renewable 
energy sources, this KPI does not reach 55%. As the pareto curves in Chapter 6 have shown, reaching 
70% could be possible, but at immense costs, while reaching the goal of 80% is not feasible. Also, due 
to the presence of fossil fuels in many different sectors, it is impossible to develop a cleaner energy 
mix. With this high penetration of renewable energy sources in every scenario, the so-called “duck 
curve” can be observed. During daylight hours, electricity sales from the grid decrease drastically, to 
ramp up steeply in the evening. This trend represents one of the major challenges of renewable energy 
systems, since it requires high flexibility from baseload power plants. Unfortunately, the amount of 
batteries introduced in the energy system is still not enough to flatten the grid load.  This can be seen 
in Figure 33, where it is shown how the trend for electricity purchase from the national grid varies in 
April, when the solar yield for PV systems peaks. The second fall in the evening is due to energy storage 
discharge. 
 

 
Figure 33: Electricity purchases from grid [kWh] in April in R&N scenario, as screenshot from HOMER Pro 

 
Moving on, it was easy to reach the target for a 2-kW society since in Nakano the industrial and 
commercial load are only marginal compared to the residential one. Even in the BAU scenario, were 
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no policy-changes were enforced, the decrease in population would, together with a “natural” growth 
of rooftop PV capacity, be enough to reach the KPI target.  
 
As GHG emissions of Nakano ward in 2015 were known, it came as a surprise to realize that BAU 
scenario would pollute more that current accounts. After some discussion, we realized that this result 
was due to a different system boundary, and probably our calculation for allocating energy demand 
and supply for every sector was significantly different from what was followed by Nakano Policy Office. 
Concerning the KPI’s objective of a net-zero society, the Nakano Reforestation Fund (NRF) was founded 
with the entire purposes to reach it, as Figure 34 shows for the O&S scenario.  
 

 
Figure 34: GHG emission reduction in O&S for each sector 

 
The creation of urban green areas was one of our major ideas. In our scenario, we considered the 
replacement of 30% of the total low-rise buildings, although this did not allow us to reach the preset 
goal. We calculated that to fulfill our target, it would be necessary to replace at least 23,000 low-rise 
buildings with more than 600 larger new apartment buildings. We assumed that such a shift in urban 
environment would be even more difficult to handle than the already challenging change we 
described.  
 
Concerning waste management, the same approach was pursued in each scenario and the KPI target 
has been reached. This was facilitated by the substantial amount of food waste that can be recycled 
into biogas with a convenient investment. Additionally, the huge amount of paper waste made it easier 
to reach the KPI, as it is reasonable and economically feasible to recycle 37% of the paper waste of the 
ward, as shown in Chapter 5 and Appendix G. However, it must be stated that reaching the KPI is made 
possible by the syngas gasification plant, which converts a significant share of waste that would be 
probably impossible to recycle in other ways into clean fuel that can be used in Nakano. 
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10  Conclusions 
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10.1 Recommended Energy Systems Solution 
From all the scenarios modelled during the project, the high potential of Nakano in solar energy stands 
out. This is due to both natural resources and vast availability of rooftop area. Therefore, in all 
scenarios solar energy is the main used renewable energy source. Thanks to decreasing cost for PV 
technology, it is likely that solar energy will play a key role in the future power mix of Nakano, at both 
private and utility scale. 
 
On the contrary, concerning offshore wind energy, it must be stated that there are still barriers to its 
full deployment. Non-ideal natural conditions and high costs for the technology. However, it will not 
be possible to achieve a substantial share of renewable without implementing offshore wind, so, 
incentives are needed in this field. 
 
Furthermore, looking at the O&S scenario, we must admit that without a significant reduction of cost, 
this energy system would not be feasible, as it presents three times higher system costs than the other 
scenarios, with the payback of these efforts being less than expected. Anyhow, if R&D offers strong 
improvements that make ocean energy technology more cost-effective, it would be advisable to invest 
in this sector due to the high potential and reliability of this energy source. 
 
The analysis of the waste management has shown that it would be feasible to reach the KPI target, 
reducing the amount of incinerated waste by increasing recycling and clean waste to energy. 
Furthermore, actions implemented in this sector have proven to improve other KPIs, such as 
renewable energy and emission reduction. 
 
The pareto front has shown that it would not be possible to achieve net zero emissions without any 
carbon capture, while the Nakano Reforestation Fund has proven to be an effective way to reduce the 
amount of emissions accounted for Nakano. This program would plant as many trees as needed to 
cover for the ward emissions. To make this possible, we calculated that everyone from Nakano would 
just need to invest at least 1700 JPY per year. Even though it may be considered a cheap price, we 
cannot be sure that everyone would participate in the project. That is why we believe that NRF should 
be supported by intense marketing campaign.  
 
Regarding the transport sector, since it accounts for a large share of emissions, transition toward a low 
carbon transport system is crucial for the achievement of a sustainable and low GHG emitting Nakano. 
We are aware that it would be difficult to apply all the suggestions described in our vision, but we 
believe that by tackling the transport sector and by questioning its structure, much could be achieved. 
 
In conclusion, this work should be considered as a reference for the many different actions and policies 
that could be enforced to build a more sustainable Nakano, showing their feasibility from both a 
logistic and economic point of view. Looking at our results, we feel secure enough to state that phasing 
out nuclear energy could be a tough choice to take. Even though in this project R&N and 0-Nuclear are 
really similar to each other, at a larger scale many more shifts in the energy chain would be required. 
Actually, a comparison between R&N and O&S would seem more appropriate, as it better simulates 
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the challenges and the difficulties of phasing out nuclear power and replace it with an 82% renewable 
electricity generation.  
 

10.2 Future Work and Self-Reflection 
Typically, a project of this size would require a larger amount of time and more specific data about 
Nakano, such as the current electricity and thermal load for the entire ward for each sector and its 
share, available rooftop surface and future trends for prices, to name a few. Fortunately, Professors 
Per Lundqvist and Hatef Madani had the possibility to gather a lot of data from their journey to Tokyo 
that was really helpful. These have been an excellent starting point on which to base many of the 
assumptions necessary for this project.  
 
Another point to highlight is that we are modelling Nakano in 2040. From today’s point of view, 
forecasting more than two decades in the future in the energy engineering field can lead to a 
completely different reality, even for a small environment like this district. 
 
Also, HOMER Pro proved to be a very flexible and resourceful software for a micro grid project, but a 
lot of details couldn’t be designed as we would have liked, as the energy mix inside the grid, the 
number of battery types used at the same time, or to introduce wave energy.  
 
Finally, the work is never over. Since time is finite, a lot of aspects and ideas remained quasi untouched. 
In our eyes it would be very interesting to further study the concept of the bicycle highway more in-
depth, both in a practical way as economically. Furthermore, another truly interesting scenario could 
be to imagine a future with even greater reductions in the price of batteries and what this could mean 
for the fluctuating renewable energy sources. And finally, putting a monetary value on the green area 
that was created for Nakano and the CO2 emissions that were saved for our planet, could be very 
fascinating to discuss what we really get in return for investing large amounts of money in the energy 
systems of the future. 
 
Anyhow, we are really satisfied with our results and proud of the work we have done. We have been 
able to design a greener, cleaner and a more human-friendlier environment for our ward, Nakano.  
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Appendices 
This section deals with all the appendices supporting the main report. This approach was chosen to 
not overload the main storyline and quantitative modelling with too much in depth information. 
 

Appendix A – Case study low rise redevelopment and sun rights 

In this appendix, the study on the feasibility of both the total floor area and the sun rights concerning 
the idea of changing low-rise buildings to one larger apartment building will be presented. As a first 
step, a model of the reality has to be built. In order to do this, a typical block of low-rise buildings in 
Nakano is found, and a simplified representation of it is made. This is shown in Figure 35. To prove the 
feasibility of this concept, a block of buildings without an area for parking cars is chosen and the spacing 
between buildings is considered to be small.  
 

 
Figure 35: Simplified model of typical blocks of low-rise buildings 

So, on the right side of Figure 35, the model that will be used can be seen. This block consists of 25 
low-rise buildings, with each a dimension of seven by seven meter and containing three floors. Many 
typical buildings in Nakano contain two or three floors, however to simulate challenging conditions for 
this concept to work, three floors are chosen in the model. Spacing between buildings is considered to 
be two meters. With this information, the total floor area and land use can be calculated: 
 

𝑓𝑙𝑜𝑜𝑟	𝑎𝑟𝑒𝑎 = 25		 ∙ 3 ∙ (7	𝑚 ∙ 7	𝑚) 	= 3675	𝑚2 
 

𝑙𝑎𝑛𝑑	𝑢𝑠𝑒 = (5 ∙ 7	𝑚 + 4 ∙ 2	𝑚)2 	= 1849	𝑚2 
 
Now, the dimension for the larger apartment building (shown in Figure 36) to replace this entire block 
can be found. Assuming that the entire length of the block is used (43 m) and choosing the building to 
have seven floors, with a width of 13 meters sufficient floor area would be created: 
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𝑓𝑙𝑜𝑜𝑟	𝑎𝑟𝑒𝑎	𝑎𝑝𝑎𝑟𝑡𝑚𝑒𝑛𝑡	𝑏𝑢𝑖𝑙𝑑𝑖𝑛𝑔 = 43	𝑚 ∙ 13	𝑚 ∙ 7	 = 3913	𝑚2 

 
The new total floor area is exceeding the theoretically needed one slightly, however it is assumed that 
in a large apartment building some floor area will be “lost” to space used for, e.g. entrances and 
corridors, so in the end it can be assumed that like this the new building is providing the truly needed 
floor area.  
 

 
Figure 36: Concept of larger apartment building 

 
So, what is the reduction in land by opting for this solution? Or, in other words, how much area is saved 
that can then be used to create green area? With all the dimensions of the new building known, the 
land use is 
 

𝑙𝑎𝑛𝑑	𝑢𝑠𝑒	𝑛𝑒𝑤	𝑏𝑢𝑖𝑙𝑑𝑖𝑛𝑔 = 43	𝑚 ∙ 13	𝑚 = 559	𝑚2 
 
Compared to the original land use, this is a reduction of 70%, which is a major achievement and a 
crucial aspect that will be used in order to reach our goal of creating more green area in Nakano. 
However, since this solution demands the construction of a seven-story apartment building, the sun 
rights of the people living around this block must be checked.  
 
It was very difficult to find any actual information or legislation on what these sun rights in Japan 
actually mean. Therefore, a conservative interpretation of what the practical implication of this right 
is was formed. It was assumed that the people who might be affected the greatest by the construction 
of the building would be the people directly north of it. It is true that the people living next to the 
building or diagonally behind it will also be affected in the morning and evening, however these people 
will still be guaranteed to have sun around noon. So, for the people living behind the building (directly 
north of it) it was assumed that their right of sun implies that even in winter, when the sun is at its 
lowest, the sun must be able to reach them around noon., when the sun is at its highest that day. 
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Considering a normal floor height of three meters per floor, the new building will be 21 meters high. 
Furthermore, the lowest solar elevation angle for the entire year, at the moment of the day when the 
sun is at its highest, is about 31° (92). The roads in Nakano can be pretty small, so a width of five meters 
is assumed for the road, including the side walk, and the length of the block is 43 meters, as mentioned 
before. This is visualized in Figure 37, which also shows an illustration of the allowed shading for the 
new building not to generate trouble concerning sun rights.  
 

 
Figure 37: Illustration of the shading impact of the new building 

 
Since the height of the building and the solar altitude angle, used for our assumption, is known, the 
shading distance the new building will generate can be calculated: 
 

𝑠ℎ𝑎𝑑𝑖𝑛𝑔	𝑙𝑒𝑛𝑔𝑡ℎ = 21	𝑚 ∙ tan(90° − 31°) = 35	𝑚 
 
Since the new building would have a width of 13 meters, the allowed shading length is equal to: 
 

𝑎𝑙𝑙𝑜𝑤𝑒𝑑	𝑠ℎ𝑎𝑑𝑖𝑛𝑔	𝑙𝑒𝑛𝑔𝑡ℎ = 43	𝑚 + 5	𝑚 − 13	𝑚 = 35	𝑚 
 
This shows that the proposed solution can be achieved without jeopardizing the sun rights of people 
living around the new building. Furthermore, calculations were performed considering the day of the 
year where the sun at noon is at its lowest. For any other day of the year the shading length would 
thus be smaller. For example, in the period going from the middle of April until the beginning of 
October, the solar elevation angle is always greater than 50° (92), resulting in a maximum shading 
length in this period of only about 18 meters.  
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Appendix B – Energy savings for large apartment buildings (IDA ICE) 

In order to quantify the potential energy savings for the larger apartment buildings, a model was 
developed using IDA ICE. This model will be presented here. As a first step, the geometrical model of 
the new building was developed. This is shown in Figure 38. This new building consists of eight floors, 
six above ground for residential purposes, and two underground. These underground areas will 
function as parking space, both for private cars as well as for the iFleet vehicles, space for the heat 
pump installations and larger scale energy storage through batteries. The length of the building is 38 
meter and the width 14 meter. Furthermore, the correct location, orientation, climatic data and wind 
profile were inserted into the model. For the wind profile, an urban area was considered. 
 

 
Figure 38: Geometrical model of the new building 

 
The next step in developing the model is creating the building envelope. The quality of this envelope 
will be responsible for a big share of the heat losses and gains, so it is a very important part of a 
building’s structure. An overview of the building envelope is given in Table 21. Values for the U-values 
of the different components were chosen following demanding regulatory requirements and 
recommendations for passive buildings (93) (94). The building envelope also includes shading devices, 
designed to block the high sun in the summer and let in the sun during the winter when the sun is 
much lower. In this way the solar gains are used in an optimal way. Furthermore, unlike what is shown 
in Figure 38, the shading structure will be made out of PV panels, which together with the rooftop PV 
installation will be able to generate renewable energy on-site. 
 
The daily activity in every zone will generate heat gains from the occupancy and equipment in that 
zone. Furthermore, this equipment and the required lighting in the building will represent a certain 
energy demand. Typical household equipment, such as cooking appliances, washing machines and 
fridges, and their energy consumption, were inserted into the model (95). For lighting, it was 
considered that a LED system with smart control would be used (daylight sensors, occupancy sensors, 
etc.), resulting in a total consumption of 3 W/m2 (96). It was assumed that the building will consist of 



 71 

about 40 medium size apartments, containing 2.5 inhabitant each on average. This results in a total 
occupancy of 100 people or 16.6 people per floor. In order to provide clean air to these people, a 
variable air ventilation system with CO2-level control is installed. Furthermore, specific schedules were 
made for the building occupancy and lighting system. 
 

Table 21: Overview of the building envelope components 

Component Structure/Material U-value [W/m2K] 
External wall Frame wall 0.15 
External floor Joist floor 0.22 

Roof Woof joist roof 0.12 
Basement wall towards ground Concrete wall 0.32 

Glazing Pilkington SuncoolÓ  0.60 
 
Another aspect that was introduced to the model is the hot water consumption of the building, or 
more specifically the occupants of the building. Following results of a survey that was performed in 
Japan, this consumption was set to 120 liters per occupant per day (97).  
 
To meet the heating and cooling need of the building, a bore-hole heat pump system is installed. This 
system benefits from the quasi constant ground temperature at increased depth, using the relatively 
warm ground in the winter as a heat source and the relatively cold ground in the summer as a heat 
sink. With the correct design of the system, heating can be provided at two temperature levels, i.e. 
medium temperature for space heating and high temperature for domestic hot water. Furthermore, it 
was verified with José Acuña, ground source heat pump expert at KTH, that the bore-hole installation 
should be able to withstand the frequent (little) earthquakes in the region.  
 
Two additional features that could not be inserted into the IDA ICE model are the concept of a smart 
thermostat, like for example Nest, and energy savings due to a behavioral change of the occupants. 
Concerning the latter, through concepts such as data visualization, gamification, increasing community 
level awareness, bringing change in the spotlight and focus on routine behavior (changing habits) 
reductions in energy consumption can be achieved. A long-term study in the United States, using 
almost 600,000 households, showed that a reduced energy consumption by about 2% could be 
accomplished (98). Regarding smart thermostats, studies from Nest have shown that on average this 
smart thermostat has the potential to reduce the demand for space heating by 10% and the cooling 
demand by 15% (99). 
 
The results of the model, as it was just described, showed that, compared to the standard residential 
building, a reduction in energy consumption of 64% could be obtained, while at the same time 
providing proper thermal comfort to the building’s occupants. This reduction means going from 118 
kWh/m2 residential area to 43 kWh/m2. In Figure 39 and Figure 40, respectively, the lowest and the 
highest operative temperatures over the entire year inside the building are shown. From the figures, 
and the numerical results of the model, it could be seen that the minimum operative temperature 
never went below the preset requirement of 20°C, while the maximum operative temperature never 
exceeds 25°C. The temperature that is allowed in the underground floors was set to 16°C. 
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Figure 39: Minimum operative temperature 

 

 
Figure 40: Maximum operative temperature 

 
If the same assumptions are used as in the study of Ryozo Ooka (31), concerning the energy production 
potential of residential PV, the remaining energy need of the building could be met with a PV 
installation of approximately 104 kW. An installation of this size would roughly need about 800 square 
meters (100), depending on the spacing between modules and the tilt angle. For the dimensions of the 
new building that was modeled, there is a total rooftop area of 532 m2. However, on the roof there 
might be some area that should be reserved for equipment that is part of the ventilation system, so it 
was assumed that of the total rooftop area, 90% can be used for PV. Furthermore, considering a width 
of one meter for the shading structure, an additional area of 228 m2 can be used for PV. This results in 
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a total available area for PV of 707 m2. With this area, 88% of the remaining energy need can be 
supplied, resulting in a final energy consumption of the building of only 5 kWh/m2 residential area. 
 
Finally, some limitations and used simplifications of the developed model should be mentioned. First, 
in order to reduce the computational time, the different floors were considered to be one zone each 
and large windows across the entire floors were introduced instead of multiple smaller windows. In 
this way, the U-value of the windows is probably slightly overestimated compared to what it would be 
in reality and the effect of thermal mass inside the building disappears. Secondly, in order to design 
the ventilation system and its corresponding energy consumption in a more realistic way, the model 
should include CFD (Computational Fluid Dynamics) simulations. This was not included in the version 
of IDA ICE that was available to us.  
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Appendix C – Transport sector modelling (LEAP) 

Current Accounts: 
In order to be able to model the current transport system in LEAP, the amount of passenger-kilometer 
(pkm) and ton-kilometer (tkm) was necessary. Despite, strong efforts it was impossible to find this sort 
of data on a ward level neither on Tokyo level. Therefore, three different types of data: modal split of 
Tokyo (47); energy intensity per pkm (48)/ tkm (49) and energy demand by fuels for the Nakano ward 
(11) were consolidated to calculate the total amount of pkm and tkm for Nakano. Data found for the 
pkm and tkm on the national level was scaled down to Nakano dimensions and used to cross-check 
the previous calculated results, ensuring a higher degree of accuracy (50). Results for the calculations 
are shown in the following graph: 
 

Figure 41: pkm and tkm values for current accounts 

 
 
Business-as-usual: 
According to the International Organization of Motor Vehicle Manufacturers (OICA) the motorization 
rate will grow by 0.7% annually in Japan (51). This rate was relativized to Tokyo standards, where the 
preferred mode of transport is public transport systems, hence the growth rate was reduced to 0.53%. 
Furthermore, the population of Nakano is expected to decrease at an annual rate of 0.32% (12). 
Subtracting those two rates resulted in a net growth rate of 0.21% for both passenger and freight 
transport.  
 
Furthermore, it was assumed that energy efficiency will continue to play an important role for the 
transport sector. Therefore, Fuel economy standard goals for 2020 were consulted and extrapolated, 
resulting in a 19.41% gain in energy efficiency from 2015 to 2040 (52). 
 
A slow shift in powertrain choice away from conventional gasoline and diesel was anticipated. A 
conservative projection for the increase in share for EV was used (56). The energy consumption for EV 
cars was calculated to be 63.33% less than a conventional gasoline car (53), hence also reducing the 
energy intensity per pkm. The efficiency of the electricity generation for the EV was accounted for in 
the Homer model. The energy intensity of a Hybrid car was calculated to be 28% less than a 
conventional gasoline car (54). 
 
A projection for the modal split in 2030 was found for the Tokyo Metropolitan Area (55). The values 
found were translated to fit the data found for the 23 wards of Tokyo in 2015. Additionally, the values 

passenger-
kilometer

share
ton-    

kilometer
share

[106 pkm] [%] [106 tkm] [%]
Gasoline Car 476.28           14.02         Gasoline Truck 46.25             64.41         
Diesel Car 299.05           8.80           Diesel Truck 17.32             24.12         
Electric Rail 2 542.68        74.85         Electric Rail -                  -             
Diesel Bus 79.21             2.33           LPG Truck 8.24                11.47         
Total 3 397.22        100.00      Total 71.81             100.00      

mean of passenger 
transport

mean of freight 
transport
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were then extrapolated to the year 2040. A shift of one percent to private motorized transportation 
away from walking was observed. The aforementioned assumptions resulted into the values for pkm 
and tkm displayed in Table 22. 
 

Table 22: pkm and tkm values for the BAU case 

 
 
In the freight transport sector, it was assumed that the modal share stays the same (64.41% Gasoline, 
24.12% Diesel and 11.47% LPG). 
 
Reduced energy demand: 
Similar to the BAU case, a shift from conventional powered cars to low-emission cars was assumed in 
the RED case, however at an increased pace. In case of the passenger transport share was assumed to 
be at 40% of all privately-owned cars in Nakano. For this assumption a more optimistic study was 
quoted, predicting a 43% share of EVs globally in 2040 (57). For freight transport two more 
conservative projections were used for the model (56) and (58), resulting in a 20% share of freight 
movements (tkm) done by electrically driven vehicles.  
 
The second idea to reduce the need for commuting by introducing the concept of home office was 
quantified by citing a study done by (59). This study showed a potential of 26% reduction in travelled 
vehicle kilometers. For the LEAP model this potential was reduced to 5%, due to several limiting factors 
in a manner that not all occupations are suited for home office. 
 
The third idea to reduce motorized kilometers travelled by investing more in bicycle infrastructure 
resulted into a 10.3% reduction of pkm travelled with private cars. This assumption was justified by 
quoting a case study of Copenhagen, which stated an 15-20% increase of bicycle transport if separated 
bicycle tracks are introduced (60). 
 
The Nakano iFleet resulted in a 46.2% reduction in privately travelled pkm for citizens subscribed to 
the service. In order to get this value three sources were used to calculate an average reduction value 
(61) (62) (63). According to the Statistical Yearbook of Nakano 45 404 privately owned passenger cars 
existed in 2015. Furthermore, it was assumed that 30% of these car owners would switch the Nakano 
iFleet service. This assumption is based on a case study made in Portugal, stating a maximum potential 

passenger-
kilometer

share
ton-    

kilometer
share

[106 pkm] [%] [106 tkm] [%]
Gasoline Car 326.80           9.13           Gasoline Truck 48.74             64.41         
Hybrid Car 285.95           7.99           Hybrid Truck -                  -             
Diesel Car 40.85             1.14           Diesel Truck 18.25             24.12         
Electric Rail 2 679.66        74.85         Electric Truck -                  -             
Electric Car 163.40           4.56           LPG Truck 8.68                11.47         
Diesel Bus 83.38             2.33           Total 75.67             100.00      
Biogas Bus -                  -             
iFleet -                  -             
Total 3 580.04        100.00      

mean of passenger 
transport

mean of freight 
transport
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of 15% adoption rate among the population of Lisbon (101). The assumption to double the adoption 
rate was based on the fact that the Nakano iFleet concept was more than just a simple car-sharing 
system. This concept improves comfortability, due to the fact that it includes a pick-up service and an 
autonomous driving feature. The 113 155pkm coming from the 46.2% reduction in privately travelled 
kilometers were allocated towards three modes of transport (25% walking, 25% biking and 50% public 
transport). One might argue that the Nakano iFleet would also lead to a decrease in pkm travelled with 
public transport, walking and cycling, however, in order to avoid this modal switch, a smart pricing 
system is introduced. It will introduce a high initial cost, avoiding a switch from walking and bicycle for 
trip lengths below five kilometers (see Figure 42). Furthermore, iFleet fares will be significantly higher 
than public transport fares, ensuring the same share of public transport in 2040. Additionally, the total 
amount of cars in the Nakano ward was calculated, assuming one iFleet vehicle replaces seven 
privately owned cars (102). This led to a new amount of privately owned EV, which was further used 
as deferrable load for the Homer model. 
 

 
Figure 42: trip length vs modal share (103) 

The fourth idea was Smart Freight, where ICT and logistics were joint to identify synergies and reduce 
the energy demand in the freight transportation sector. In order to get to calculate a reduction 
potential a study was quoted, stating that around 19% of freight transports in the UK are empty 
runners (26). The introduction of a logistic coordinating platform such as teleroute.com would 
decrease the movements done with empty trucks by 25% (27). This led to an 4.75% of total tkm 
travelled. The potential reduction was then assumed to double, due to the increased introduction of 
ICT in the logistic sector, resulting in an overall decrease of 9.5% in tkm travelled in 2040. The final 
shares in pkm and tkm are shown in Table 23. 
 



 77 

Table 23: pkm and tkm values for the RED case 

 
 
 

  

passenger-
kilometer

share
ton-    

kilometer
share

[106 pkm] [%] [106 tkm] [%]
Gasoline Car 40.62             1.23           Gasoline Truck 20.54             30.00         
Hybrid Car 203.09           6.13           Hybrid Truck 30.82             45.00         
Diesel Car -                  -             Diesel Truck 3.42                5.00           
Electric Rail 2 599.42        78.46         Electric Truck 13.70             20.00         
Electric Car 162.47           4.90           LPG Truck -                  -             
Diesel Bus -                  -             Total 68.48             100.00      
Biogas Bus 79.21             2.39           
iFleet 228.13           6.89           
Total 3 312.93        100.00      

mean of passenger 
transport

mean of freight 
transport
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Appendix D – Developing energy demand for residential, commercial 
and industrial sectors  

This appendix describes the entire process that was developed in order to design future energy 
demand for each demand scenario: Business-as-usual demand (BAUD) and Reduced energy demand 
(RED).  
 
Business-as-usual demand 
In BAUD scenario, energy consumption was determined linearly from energy demand of Nakano ward 
in 2015, based on population. This caused an initial reduction in each sector by 7.9%. It is important to 
point out that the energy mix was left untouched. The obtained demand is shown in Table 24. 
 
To calculate the thermal load, it was assumed that only 57% of the total consumption of natural gas is 
used for heating purposes in the residential sector. This assumption comes from the fact that 43% of 
the total energy consumption for cooking in Asian and Oceanian OECD countries comes from natural 
gas (66). As this was the only available information we were able to obtain, it was assumed that it 
would be possible to extend the share from the cooking sector to the entire residential consumption, 
knowing that it is common to use natural gas, as LNG, in Japanese kitchens (104). Since more than 15% 
of the commercial activities in Nakano are in food industry (11), it was believed to be consistent to use 
the same percentages even in the commercial area. Concerning industrial, it was assumed that only 
20% of the natural gas consumption is used to satisfy the thermal load, although no information was 
found to sustain the assumption. In conclusion, the cumulative thermal load for each sector includes 
natural gas for heating purposes, LPG and kerosene. Since HOMER Pro can only introduce one boiler 
for the entire system, the model considers that only natural gas provides for the cumulative thermal 
load. 

Table 24: Business-as-usual energy demand per energy source per sector 

Energy source Unit Residential  Commercial Industrial Total 
Electricity MWh 884 509 540 150 47 144 1 471 802 

Natural gas MWh 606 347 232 200 2 947 841 495 
LPG MWh 85 136 2 452 962 88 550 

Kerosene MWh 74 267 7 3567 0 81 624 
Heavy Oil MWh 0 4 904 0 4 904 
Fuel Oil MWh 0 0 45 766 45 766 
Other MWh 0 0 275 275 
TOT MWh 1 443 043 787 063 97 095 2 327 200 

   
Reduced energy demand 
Since RED scenarios include a massive change in the urban environment, developing the demand was 
much more challenging. As a reference for reductions and improvements, BAUD scenario was used.  
 
Being the focus on restructuring the residential built environment, it was thus necessary to re-allocate 
the energy demand for each category of residential building. As explained in section 3.2.1, the 
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following Figure 43 shows the final building mix of the ward, when considering that 70% of existing 
low-rise (LR) building would be replaced by newer ones, and that a 10% replacement fraction would 
be applied to high-rise (HR) buildings.  
 

 
Figure 43: Shares of residential building categories in RED scenarios 

Subsequently, reference energy consumption for each category was first determined based on specific 
energy consumption per square meter of floor area of Nakano in 2015. To these values, reductions 
were applied, such as better energy performance of new buildings (as described in Appendix B), ban 
of liquid fossil fuels, substitution of cooking gas stoves with induction ones, increase in gas heating 
performance through centralized heating. Consumption of liquid fossil fuels for thermal load was 
replaced by more effective use of heat pumps, as previously explained in section 3.2.2. 
 

Table 25: Assumed reductions in energy consumption of residential built environment in RED scenarios 

 Reduction Source 
Energy consumption in newly built low-rise 

buildings 
58% (31) 

Energy consumption in newly built high-rise 
buildings 

64% Appendix B 

Ban of liquid fossil fuels 99% 
Implementation of project 

policy 

Number of natural gas stoves 95% 
Implementation of project 

policy 
Energy consumption new induction stoves 43% (105) 

  
Final results for the residential demand are shown in Table 26. 
 
 
 
 
 
 
 

44%

19%

22%

15%

Residential built environment

New LR

Existing LR

Existing HR

New HR
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Table 26: Energy consumption in RED scenarios by residential building category and fuel 

Category Buildings 
Floor area Electricity Natural gas LPG Kerosene TOT 
m2 % MWh MWh MWh MWh MWh 

New LR 27,069 4,427,802 44.3 282,626 0 0 0 282,626 
Existing LR 11,601 1,897,629 19.0 153,939 101,667 149 130 255,886 

TOT LR 38,670 6,325,431 63.3 436,565 101,667 149 130 538,512 
Existing HR 6,023 2,172,774 21.7 176,259 58,974 171 149 235,553 

New HR 1,167 1,496,379 15.0 84,070 0 0 0 84,070 
TOT HR 7,190 3,669,153 36.7 260,329 58,974 171 149 319,623 

TOT 45,860 9,994,584 100 838,079 160,641 320,647 280 999,320 
  
Concerning commercial and industrial sectors, Table 27 shows the applied reductions.  
 

Table 27: Assumed reductions in energy consumption of commercial and industrial sectors in RED scenarios 

 Reduction Source 
Energy consumption in commercial buildings  20% (67) 

Energy consumption in industrial activities 8% (67) 
Ban of liquid fossil fuels 95% Implementation of project policy 

Number of natural gas stoves 95% Implementation of project policy 
Energy consumption new induction stoves 43% (105) 

 
As for residential sector, polluting fossil fuels were replaced by more clean energy source, as in this 
case by natural gas. This energy-source shift would decrease the amount of emissions of carbon 
dioxide, while still satisfying the energy demand. Finally, sectorial consumptions are presented in Table 
28. Coherently with the residential thermal load, commercial and industrial heat demand was 
considered to be provided by (thermal) natural gas, LPG and kerosene, but modeled in HOMER Pro as 
natural gas consumption.  

Table 28: Energy demand in commercial and industrial sectors by fuels, in RED scenarios 

  Commercial Industrial 
Electricity  MWh 519,157 46,682 

Natural Gas MWh 114,567 40,385 
LPG MWh 133 52 

Kerosene MWh 399 0 
Heavy Oil MWh 213 0 
Fuel Oil MWh 0 2,286 
Other MWh 0 275 
TOT MWh 634,470 89,679 
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Appendix E – Assumptions and calculations in the energy supply sector 

Rooftop PV 
In each scenario rooftop PV technology is present, either for residential and commercial buildings. The 
installed capacities have been stated along the report and they are not going to be repeated here. 
What differs between each scenario is the number of panels and energy produced by them.  
This is due to the fact the percentage of installation has been considered different between each 
scenario for old buildings, while new buildings are always considered to have PV. In Table 29 each 
assumption made for residential and commercial buildings on that is explained. 
 

Table 29: Assumption for PV installation 

% PV Installation R&N 0-Nuclear O&S 
Low-Rise new 100 100 100 
High-Rise new 100 100 100 
Low-Rise old 25 25 75 
High-Rise old 25 25 75 
Commercial 50 50 75 

  
In O&S the percentage of installations has been considered higher since the prices have been set to 
drop down as was mentioned before. Then this number has been multiplied by the total number of 
buildings in Nakano (12), taking into account the type. Investment costs (CAPEX) have been set as a 
direct consequence of the capacity installed adding a 20% more due to costs for installations and labor 
costs. Operational costs (OPEX) for each scenario have been set to be 2% of the CAPEX.  
 
Bicycle highway PV shading 
The shading for bicycle highway is extended along half of the available length of this inside the district. 
The length has been evaluated from Google Earth, taking the maximum distances inside the ward: 
going from west to east is 5.5 km while from north to south is 6 km. The total length of the path 
assumed has been 11 km. The PVs were installed with a power density of 0.40 kW/m, taking a 1x2 m 
PV panel. After setting the power density, the total power installed has been easy calculated. The costs 
have been set slightly higher than rooftop PV since they need tracking technology in order to be as 
efficient as possible and at the same time the structure holding them will shade the people in the 
bicycle highway. Table 30 shows the different prices used for the PV panels in the different scenarios 
for each application. 

Table 30: Different prices used for the PV panels 

Cost per Watt [JPY/W] BAU R&N 0-Nuclear O&S 
PV residential  350 200 200 150 
PV commercial 350 200 200 150 
Bicycle highway PV shading  - 200 200 200 
Large Scale PV PP  - - - 150 

 
Batteries and storage 
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Since the amount of PV capacity in the scenarios is huge, a method to exploit it continuously during 
the day, batteries have been inserted in all scenarios but BAU. The energy available in each battery 
chosen from Homer is 5.6 kWh. What differs in the different scenarios is the percentage of installation 
and the number of batteries installed for the different types of buildings. O&S scenario has needed a 
greater number of them since the PV capacity installed is far higher than the previous scenarios. The 
main idea was to install a battery having the same energy storage as Tesla Power Pack (106), 210 
kWh/d. Basically, the procedure in order to minimize the energy sold to the grid was to convert the 
amount of this kind of battery into the standard type of 5.6 kWh inserted also for the other models. 
The number of batteries and the percentage of installations are inserted in Table 31.  
 

Table 31: Number of batteries and percentages of installations 

 
O&S 

 
Other scenarios 

 

Type of building 
# batteries 

per building 
% of installation 

# batteries 
per building 

% of installation 

Low Rise new 2 100 2 100 
High Rise new 75 100 8 100 
Low Rise old 2 75 2 25 
High Rise old 4 75 1 25 

 
As stated above, in O&S the number of 5.6 kWh batteries seems extremely large but it is the equivalent 
amount of them needed to have the same installed capacity using Tesla Power Pack in Nakano. 
 
Offshore wind 
For this technology, to have a rough idea of the capacity needed, the approach was top-down. Starting 
from the population in Tokyo, Nakano accounts for the 3% of it. A starting value for the capacity was 
set to be 1,500 MW for the entire Tokyo. That value comes from the fact that Japan is extremely active 
in this sector even if the wind speeds are quite poor. Nowadays, most of wind turbines are going to be 
installed are 7 MW each. It means that a total of 214 turbines are installed in 2040. For O&S, the ratio 
between population in Nakano and in Tokyo has been performed and multiplied by 1,500 MW. It turns 
out to be 50 MW for Nakano. For other scenarios, a reduction coefficient of 5 was considered since 
O&S wanted to be the scenario exploiting as much as possible ocean resources. As a final result, 10 
MW of offshore wind were installed for other scenarios. To conclude, in Table 32 this is the summary 
of the energy supply sector in each scenario divided by technology.  
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Table 32: Summary of energy supply sector 

[MWh] BAU R&N 0-Nuclear O&S 
Grid 952,532 1,088,697 1,088,697 403,191 

PV residential 173,112 491,171 491,171 584,574 
PV commercial 383,14 81,809 81,809 203,365 

Bicycle highway PV - 2,368 2,368 4,736 
Large scale PV  - - - 694,100 
Offshore wind - 16,718 16,718 89,950 

Kuroshio power - - - 228,250 
Syngas - 8,020 8,020 3,070 
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Appendix F – Waste Analysis  

Amount and Composition of waste  
A constant reduction in the Municipal waste produced per cap has occurred in japan since 1990 (73). 
According to this, data from the statistical yearbook of Nakano 2017 show that there has been a 
reduction in the MSW produced per cap in Nakano between 2011 and 2015 (42). 
Interpolating data for these two years and considering a linear reduction toward 2040 we have 
estimated the municipal waste generated in Nakano on the final year.  

 
Table 33: trends for population and MSW generation in Nakano 

 2011 2015 2040 
Nakano Population 314,235 316,625 291,587 
Nakano waste (t) 77,218 75,324 55,086 
Nakano waste per cap (t) 0.245 0.238 0.189 

 
Then, in order to estimate how much additional waste needs to be recycled in order to reach the KPI, 
we have compared the shares for the waste disposal. In all Tokyo, 80% of the MSW is combusted within 
incinerators, 16% is recycled and 4% is treated in other ways (73).  
According to the statistical yearbook of Nakano, 31% of the MSW was recycled in Nakano in 2011 and 
2015 (42). Without a data for the remaining share, we have assumed that as in Tokyo, 4% of the waste 
is neither recycled or combusted, and we have consequently estimated the combusted amount. 

 
Figure 44: Waste management in Nakano 

 
Consequently, comparing the increase of the recycled waste from 31% to 70%, with the different 
amount of waste between 2015 and 2017, the amount of additional waste to recycle is 15,174 tons. 
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Table 34: Amount of recycled waste in 2015 and 2040 in Nakano 

 2015 2040 
Municipal waste (t) 75,324 55,086 
Recycled fraction 31% 70% 
Recycled waste (t) 23,386 38,560 

Combusted waste (t) 55,856 14,322 
Food waste (t) 12,226 7,374 

 
 
Next step is to identify the composition of these 15,174 tons (= 38,560 -23,386) that we need to 
recycle. Thus, it has been considered that the additional recycled waste comes from the combusted 
share, and that the 4% remained untouched. Consequently, we have assumed that the composition of 
the waste that must be recycled is the same as the combusted waste from Tokyo (73). 
 

 
Figure 45: Composition of the additional 15174,5 tons of waste to recycle (25) 

 
Biogas  
The 3,794 ton (25% of 15174 ton) of food waste will be recycled in a biogas plant. This will not be built 
in Nakano and will not be a plant thought the handle waste coming from Nakano only, on the contrary, 
it will be the result of a partnership of Nakano with all the other wards of Tokyo. 
In order to estimate the share of the plant “owned” by Nakano, an allocation per population has been 
implemented. So, as Nakano represents the 2,34% of Tokyo’s population, then 2,34% of the food waste 
to the plant will come from Nakano and 2,34% of the biogas produced will be allocated to Nakano. 
 
Consequently, in order to reach the KPI and recycle the 3,794 tons of food waste produced in Nakano, 
the biogas plant must be able to manage 161,932 t per year. 
The evaluation for the biogas plant has been implemented with the tool provided by the company 
Biogas World on its website (74). The results of the calculation are reported in Figure 46. 
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Figure 46: Results for the evaluation of the biogas plant 

 
The plant needed for our scope is bigger than the one reported in Figure 46. The plant we need will 
handle 4 times the amount of waste reported in Figure 46, so we have multiplied each result for a 
factor of 4, as shown in Table 35. 
 

Table 35: Biogas plant parameters 

 Calculation result New plant 
Feedstock (t/y) 40,000 161,932 

Initial cost (Millions of JPY) 6,561 26,550 
Biogas produced (m3 per year) 4,950,000 20,039,118 

  
Allocating per population as early mentioned, the municipality of Nakano will have to pursue an 
investment of 626 million JPY to receive 469,460 m3 of biogas. 
 
Syngas 
The evaluation of the syngas plant is based on the parameters provided by the British company 
PowerHouse Energy group on their website (44). In fact, we assume that an innovative gasification 
plant similar to those actually provided by this company will be built in Nakano. 
 
The Ultra High Temperature (UHT) gasification of PowerHouse work with any kind of waste, but 
especially with plastics. Thus, we have considered that all the additional plastics waste that must be 
recycled is treated in plant. According to PowerHouse, the plant will be able to turn 25 tons of waste 
in syngas per day, providing 1,5 MW of capacity. Thus, 9,125 out of the 15,174 tons will be recycled 
into syngas. The initial investment would be around 5 to 6 million British pounds, which means 812 
million JPY. 
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Table 36: Syngas plant characteristics 

Waste (t/day) 25 
Waste (t/year) 9,125 
Capacity (MW) 1.5 
Initial investment (million JPY) 814 

 
Paper 
With 9,125 t of waste recycled into syngas and 3,794 ton recycled into biogas, 2,256 ton remain to 
recycle in order to recycle all the 15,174 ton that must be recycled in order to reach the KPI. 
 
As most of the waste is paper, as shown in Figure 45, a paper recycling plant will be implemented. Also, 
because the gasification plant work well with plastics (44).  
 
Paper represents 40% of the waste that needs to be recycled in order to reach the KPI, which means 
6,070 ton. The syngas plant will handle 9,125 ton, which means all the plastics (2,580 ton), all the wood 
and grasses (1,517 ton), all the other waste (1,214 ton), and some paper (3,814). Thus, the KPI will be 
reached recycling the 2,256 remaining tons of paper waste. 
 
The 30% of municipal waste which is not recycled is combusted, and its composition is the same as 
shown in Figure 45, so the total amount of paper waste in 2040 would be 6,070 + 0,3*0,4* 
55,086=11,799 t 
 
It is reasonable to consider that 2,256 t of paper waste is recycled, as it represents 37% of the total 
amount of paper waste, while in the US, 63% of paper waste was recycled already in 2016 (107).  
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Appendix G – Nakano Reforestation Fund 

The needed forest area was calculated using a source which stated that forests are capable of 
offsetting 300 – 600 t of CO2, eq per ha forest area (83), depending on type of forest (Rainforest, Boreal 
forest, etc.). Due to the internationality of the Nakano Reforestation Fund it was assumed that projects 
will be located all over the world and in different types of forest, hence the arithmetic mean was taken 
resulting in an average of 450 tCO2, eq sequestration potential. In terms of costs another source was 
quoted stating, that CO2 sequestration costs approximately 12$/CO2, eq (108). 
 
The calculations for the urban carbon sequestration potential were based on source (82). In this study 
urban parks were calculated to have a sequestration potential of 120 tCO2, eq at an abatement cost of 
25$/CO2, eq. 
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Appendix H – Cost/Benefit Analysis: Inputs and Results 
Table 37: Cost/Benefit Analysis Biogas 

Biogas plant 
Food waste (ton/year) 3,793 
Biogas (m3/y) 469,460 
Biomethane (m3/year) 305,149 
Natural gas price (JPY/ m3) 29.69 
Savings from waste (ton/year) 22,000 
Savings (JPY/year) 92,518,903 
Capex (JPY) 625,677,258 
OPEX (JPY/year) 18,770,317 
Interest Rate 7% 
NPV (JPY) 289,471,977 
IRR 11% 
Payback time (years) 13.3 
Benefit to cost ratio 1.33 

 
 

Table 38: Cost/Benefit Analysis Offshore Wind Farm 

Offshore wind farm 
Capacity (MW) 50 
Capex (JPY/MW) 550,000,000 
OPEX (JPY/ MW) 20,000,000 
Interest rate 7% 
Production (KWh) 89,950,567 
Savings (JPY/ year) 1,124,382,087 
Benefits (JPY/year) 2,158,813,608  
NPV (JPY) 274,169,270  
IRR 7% 
Payback time 29 
Benefit to cost ratio 1.01 
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Table 39: Cost/Benefit Analysis Solar PV 

New buildings solar PV Old buildings solar PV 
Price module (JPY/W) 180 Price module (JPY/W) 220 
Total capacity (KW) 237,600 Total capacity (KW) 13,218 
CAPEX (JPY) 51,321,600,000 CAPEX (JPY) 3,489,552,000 
OPEX (JPY) 1,026,432,000 OPEX (JPY) 69,791,040 
Savings (JPY) 6,394,034,000 Savings (JPY) 355,708,512 
Interest rate 7% Interest rate 5% 
NPV 11,230,196,374 NPV (JPY) 540,153,007 
IRR 9% IRR 6% 
Payback time 16 Payback time 19 
Benefit to cost ratio 0.44 Benefit to cost ratio 0.19 
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