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ABSTRACT  

The research study explores into the complex interaction between economics, decarbonisation, innovation, and 

resilience in the built environment, with a comparative focus on Japan and India. Understanding the economic 

implications of sustainable development in the built environment is critical as the world grapples with the 

pressing need to mitigate climate change and create resilience to its effects. Both Japan and India face the 

challenges of lowering carbon emissions, encouraging innovation and increasing resilience in the face of 

increased urbanization, infrastructural expansion and environmental concerns. The paper explores the economic 

ramifications of these activities, namely how they cross and influence one another within the distinct 

socioeconomic contexts of Japan and India. The study investigates the economic costs and advantages of 

decarbonisation projects, the role of innovation in encouraging sustainable practices, and the economic case for 

investing in resilient infrastructure using a comprehensive literature review and comparative analysis. By 

combining insights from academic research and policy documents, this study provides unique insights into the 

opportunities and challenges of transitioning to a low-carbon, resilient built environment. Furthermore, this 

study makes policy recommendations tailored to the specific contexts of Japan and India, emphasising strategies 

for incentivizing green innovation, mobilising financial resources for sustainable development, and improving 

collaboration among government, industry, and civil society stakeholders. 

Keywords: Decarbonization, Built Environment, Innovation, Resilience 

INTRODUCTION 

Decarbonization, innovation, and resilience of the built environment have emerged today as crucial imperatives 

of the global discourse on sustainable development in view of both a no- climate-change world and economic 

growth. This comparative research study investigates the economic factors underpinning these transformations, 

with particular emphasis on Japan and India. 

Japan, being at the forefront of technological breakthroughs with rigorous environmental legislation, provides an 

excellent case study for understanding complex decarbonization, innovation, and economic resilience within the 

built environment. Against that, India, with its rapid urbanization, contends with issues relating to economic 

development in environmental sustainability and thereby gives a very insightful background. 

Decarbonization in the built environment refers to a cutback in carbon emissions from energy utilization, 

construction materials, and transportation. Critical roles that have been driven by programs include the Top 

Runner Programme and Zero Emission Buildings, of Japan, in promoting energy efficiency techniques and 

renewable sources in the building industry. India also has launched similar initiatives like Smart Cities Mission 

and AMRUT-Atal Mission for Rejuvenation and Urban Transformation-with the goal of making its urban 

infrastructure more sustainable through the introduction of energy-efficient technologies alongside the 

integration of renewable sources. Sharma & Balachandra, 2020) 

Innovation is also essential to achieve the shift in built environments to sustainable ones since it enables the 

development and adoption of cutting-edge technologies and practices. While Japan's innovation ecosystem is 

characterized by strong connectivity between business, 

academia, and government to foster a wave of breakthrough technologies in the space of advanced construction 
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materials down to smart grid systems, India is essentially characterized by an enabling startup culture and 

grassroots innovation hubs. In this community-powered creation, low-cost, scalable, homegrown solutions are 

developed at the hubs, catering to regional needs. 

Resilience within the built environment refers to the ability to resist or bounce back from sudden impacts and 

long-term stresses of urban systems related to climate change and major natural disasters. Experience in Japan 

seems to indicate that repeated seismic events initiated the institution of strict construction policies and disaster 

management plans that would make the built environment resilient. In India, for example, initiatives toward 

enhanced resilience range from climate-resilient building designs to community-based disaster risk reduction 

approaches. 

Japan and India represent two distinct yet complementary case studies in the global pursuit of decarbonization, 

innovation, and resilience in the built environment, making them ideal for comparative analysis. Japan, as a 

highly industrialized nation with a mature economy, has a well-established framework for sustainable 

development, driven by technological innovation and stringent environmental regulations. The country’s 

experiences with natural disasters, particularly earthquakes, have also shaped its resilient urban infrastructure. 

Programs like the Top Runner Programme and Zero Emission Buildings exemplify Japan's leadership in 

promoting energy efficiency and reducing carbon emissions in the built environment. Japan's integrated 

approach, combining technological advancements, policy support, and societal participation, offers valuable 

insights into how developed economies can achieve a balance between economic growth and environmental 

sustainability. 

In contrast, India, as a rapidly urbanizing developing country, faces the dual challenge of sustaining economic 

growth while addressing environmental concerns. With its vast population and diverse socio-economic landscape, 

India presents a unique context for studying the implementation of sustainable practices in the built 

environment. Initiatives like the Smart Cities Mission and AMRUT illustrate India’s commitment to enhancing 

urban sustainability through innovation, albeit with different socio-economic dynamics compared to Japan. 

India’s grassroots innovation ecosystem, which encourages cost-effective and scalable solutions, provides an 

alternative model for developing economies looking to integrate sustainability into urban planning. 

By comparing Japan’s advanced, top-down approach with India’s emerging, bottom-up strategies, this study 

aims to uncover lessons that are applicable across different economic contexts. The insights derived from this 

analysis will not only contribute to global knowledge on sustainable development but also inform policy-making 

and investment decisions in both developed and developing countries, fostering more resilient and sustainable 

built environments worldwide. 

This research study seeks to uncover crucial lessons and best practices from Japan and India that can drive 

policy-making and investment decisions aimed at supporting sustainable, inclusive, and resilient built 

environments around the world. This study aims to advance the global agenda for sustainable development by 

integrating insights from diverse disciplinary perspectives, such as economics, engineering, and urban planning. 

LITERATURE REVIEW 

Gupta Miyata and Fujita (2018) investigated decarbonisation trends in Japan's construction sector, focusing on 

energy efficiency and catastrophe resilience. Kubota and Sovacool (2020) undertook a comparative research of 

energy transitions in Japan, Germany, and the United States, emphasising measures that promote 

decarbonisation in the built environment. Ang, Zhou, and Poh (2020) investigated the economic consequences 

of decarbonising the built environment, focusing on the potential to reduce greenhouse gas emissions through 

energy- efficient buildings and sustainable urban design techniques. 

Gupta and Saini (2021) highlighted the role of renewable energy integration in India's built environment, 

emphasising the importance of innovative solutions to meet decarbonisation targets. The International Energy 

Agency (IEA) (2019) presented insights into energy technology perspectives, identifying approaches to 

decarbonisation in Japan and India. The United Nations Environment Programme (UNEP) (2020) explored 

sustainable urbanisation in Asia, including decarbonisation measures for Japan and India. Stern (2021) and 
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Zhang et al. (2019) shed light on the economic consequences of carbon emissions from the built environment, as 

well as the advantages of shifting to low-carbon infrastructure. 

Acuto and Musco (2018) investigated the impact of innovation in promoting urban sustainability, emphasising 

the significance of technology advances in renewable energy, smart infrastructure, and green building materials. 

Fujita and Kudo's (2017) study examined the economic impacts of building industry innovation, such as the use 

of Building Information Modelling (BIM) and other digital technologies to improve efficiency and reduce 

environmental impact. 

Nishikido and Kondo (2019) investigated smart grid technologies in Japan, emphasising their importance in 

promoting energy efficiency and sustainability in the built environment. Sharma and Balachandra (2020) 

examined energy-efficient technology in Indian smart cities, focusing on advances that promote sustainable 

urban development. The Organisation for Economic Cooperation and Development (OECD) (2020) examined 

Japan's innovation policies, with a focus on efforts that encourage sustainable development in the built 

environment. The Indian Institute of Technology (IIT) (2018) demonstrated green building innovations in India, 

emphasising their importance to environmental sustainability. The Asian Development Bank (ADB) (2019) 

emphasised the necessity of innovation for climate change adaptation in Asian cities, including Japan and India. 

Takeuchi and Shaw (2018) gave insights into Japan's catastrophe risk reduction initiatives, focusing on resilient 

building designs and community-based approaches. Mukherjee and Chand (2017) examined urban planning 

techniques in India, concentrating on catastrophe risk reduction and resilience-building activities. Meerow and 

Newell (2019) and Pelling et al. (2015) investigate the concept of resilience in urban planning and infrastructure 

development, focusing on the economic benefits of investing in resilient infrastructure to mitigate the effects of 

climate change and natural disasters. 

The Japan International Cooperation Agency (JICA) (2019) looked at resilient infrastructure development in 

India and Japan, highlighting lessons learned and best practices. The Global Infrastructure Hub (GI Hub) (2020) 

addressed financing for infrastructure in Asia, emphasising the significance of investing in resilient infrastructure. 

The National Institute for Environmental Studies (NIES) (2017) conducted a comparative study of urban 

resilience in Japan and India, identifying significant drivers of resilience. Setiadi et al. (2020) investigated 

the economic benefits of green infrastructure and nature-based solutions for urban resilience, emphasising their 

ability to provide various co-benefits such as improved air quality, increased biodiversity, and higher property 

prices. 

RESEARCH METHODOLOGY 

The methodology adopted for this study entails examining various economic, environmental, and social 

variables for Japan and India from 2000 to 2020. Data is collected on GDP per capita, energy consumption per 

capita, carbon emissions per capita, gross R&D expenditure, patents in environmental-related technologies, per 

capita energy use, per capita renewables, urban population share and total economic damages from disasters. 

Trend analysis is used to detect patterns and changes in these variables over time. Each trend is extensively 

analysed, and the underlying causes of observed patterns are investigated. Economic policies, technological 

improvements, environmental regulations and socioeconomic factors are investigated as potential causes of 

variations or major changes in the variables. 

Correlation analysis is used to investigate the correlations between variables. This entails calculating correlation 

coefficients to identify the degree and strength of association between pairs of variables, so providing insights 

into the relationships between economic progress, energy consumption, environmental effect and other 

elements. 

Furthermore, a comparative analysis is conducted to compare sustainable building practices, policy and 

governance, decarbonisation efforts, building technology innovation, resilience strategies, and the built 

environment in Japan and India, highlighting their respective advantages and challenges. 

Table 1: Variables definitions and Data Source 
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S.No. Variable 
Abbreviation & Unit of 

Measurement 
Data Source 

1 GDP per capita GDP (in USD) World Bank 

2 Energy Consumption per capita EC (in Gigajoules) EnerData 

3 Carbon Emissions per capita CO2 (in tonnes) OECD.Stat 

4 
Gross Expenditure on Research and 

Development 
R&D (% share of GDP) 

BP Statistical Review of World 

Energy 

5 Patents in Environmental related technologies PAT (No. of patents) Our World in Data 

6 Per capita Energy Use EU (in kWh) International Energy Agency 

7 Per capita Renewables REN (in kWh) 
International Renewable Energy 

Agency 

8 Population Density PD Our World in Data 

9 Share of population in urban areas URB Our World in Data 

10 Total economic damages from disasters ED (in USD) Our World in Data 

Source: Author’s Computation 

DATA ANALYSIS 

In India, the trend analysis shows a constant rising trajectory in GDP per capita from 2000 to 2020, with some 

variations. Economic changes, population growth, and technological and infrastructure developments have all 

contributed to this growth (Smith, 2018). However, growth rates vary due to changes in government policies, 

global economic conditions, and domestic difficulties such as income inequality and poverty (Patel et al., 2019). 

In Japan, the trend analysis demonstrates that GDP per capita remained largely steady during the same period, 

with just slight changes. Japan's economy faced issues such as deflation, an ageing population, and slow 

economic growth, all of which had an impact on GDP per capita growth (Ito & Fukao, 2017). Despite these 

issues, Japan's GDP per capita remains comparatively high when compared to other countries, because to its 

highly developed industrial base, modern technology, and trained workforce (Shirakawa & Ueda, 2016). 

 

                              Source: Author’s Computation 

Figure1: Trend Analysis of GDP Per Capita of India and Japan (2000-2020) (in USD) 

In India, the trend analysis of energy consumption per capita shows a progressive growth from 2000 to 2019, 

with a tiny fall in 2020. This increase can be linked to numerous factors, including growing urbanisation, 

industrialization, and population expansion (Gupta et al. 2017). Furthermore, rising demand for energy-intensive 

activities such as manufacturing, transportation, and residential use fuelled the increased trend (Jain & Sharma, 

2018). However, the fall in 2020 could be attributed to the COVID-19 pandemic, which caused a temporary 

reduction in economic activity and energy demand (IEA, 2021). 

In Japan, the trend analysis of energy consumption per capita shows a steadier pattern than in India, with only 

slight changes over time. Energy efficiency initiatives, technical improvements, and government sustainability 

regulations have all had an impact on Japan's per capita energy usage (Ravina, 2019). Furthermore, Japan's 
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emphasis on renewable energy sources and attempts to minimise energy consumption in response to 

environmental concerns and energy security have helped to maintain the reasonably stable trend (Fukuda et al., 

2016). 

 

                Source: Author’s Computation 

Figure 2: Trend Analysis of Energy Consumption per capita of India and Japan (2000-2020) (in Gigajoules) 

In India, the trend analysis of CO2 emissions per capita shows a steady growth over time, with some oscillations. 

Several reasons contribute to this developing tendency, including fast industrialization, urbanisation, and 

increased energy use (Purohit & Michaelowa, 2016). India's reliance on fossil fuels for energy production and 

transportation greatly increases CO2 emissions (Ghose, 2018). Furthermore, the growing population and 

developing economy increase emissions (Chakraborty & Mukherjee, 2019). Despite attempts to promote 

renewable energy and improve energy efficiency, CO2 emissions continue to rise due to the problems of 

balancing economic growth and environmental sustainability (Gupta et al., 2020). 

In Japan, a trend analysis of CO2 emissions per capita indicates a downward tendency over time, indicating the 

country's emphasis on environmental conservation and energy efficiency. Japan has enacted a number of 

policies and measures to reduce carbon emissions, including boosting renewable energy, strengthening energy 

efficiency requirements, and investing in clean technology (Ministry of the Environment, Japan, 2021). 

Furthermore, structural changes in the economy and shifts towards less carbon-intensive industries have helped 

to drive the downward trend in CO2 emissions (Sakurai & Managi, 2017). Despite occasional variations, Japan's 

dedication to environmental sustainability has resulted in lower CO2 emissions per capita. 

 

                  Source: Author’s Computation 

Figure 3: Trend Analysis of CO2 emissions per capita of India and Japan (2000-2020) (in Tonnes) 
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In India, the trend analysis of gross expenditure on research and development (R&D) shows a varying pattern 

across time. Budgetary restrictions and a lesser prioritisation of R&D investments may have contributed to the 

initial reduction in expenditure between 2000 and 2003 (Chadha, 2018). However, beginning in 2004, there was 

a progressive growth in R&D spending, led by government programmes to stimulate innovation and technical 

advancement (Panda and Rao, 2020). The recent swings could be driven by economic variables and 

governmental measures aimed at increasing R&D in important areas (Rao & Reddy, 2019). 

In Japan, the trend analysis of gross R&D expenditure reveals a generally consistent pattern with just slight 

changes. Japan has long been a global leader in R&D investments, thanks to a strong emphasis on innovation 

and technology (Ejima 2017). Government regulations, business alliances, and a robust research ecosystem all 

help to ensure consistent investment in R&D. Despite occasional swings owing to economic considerations, 

Japan's commitment to R&D is unwavering, supporting long-term growth and competitiveness in a variety of 

industries (Arimoto and Nakajima, 2016). 

 

              Source: Author’s Computation 

Figure 4: Trend Analysis of Gross expenditure on R&D of India and Japan (2000-2020) (% share of GDP) 

In India, the trend analysis of patents in environmental technology shows a shifting pattern throughout time, 

with noticeable peaks and troughs. The upward trend till about 2017 demonstrates increased investment and 

interest in environmental innovation and technology (Srinivasan and Bala Subrahmanya, 2020). India's 

emphasis on renewable energy, waste management, and pollution control promotes the need for environmental 

patents (Bhattacharyya & Chakraborty, 2017). However, the recent reduction of patents can be ascribed to a 

number of causes, including regulatory hurdles, restricted R&D funding, and policy uncertainties (Gupta & 

Sharma, 2019). 

In Japan, the trend analysis of patents in environment-related technology shows a reasonably constant and 

growing pattern throughout time, with occasional oscillations. Japan's significant emphasis on environmental 

sustainability and technical innovation is driving the constant increase in patents (Kubo & Sato, 2018). The 

government's funding for research and development in clean energy, climate adaptation, and waste management 

adds to the growing number of environmental patents. Furthermore, collaboration among industry, academia, 

and government institutions promotes innovation and patent applications in environmental technologies (Suzuki 

& Arimura, 2016). 
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          Source: Author’s Computation 

Figure 5: Trend Analysis of Patents in environmental related technologies of India and Japan (2000-2020) 

In India, the trend analysis of per capita energy use shows a progressive growth over time, with volatility in 

specific times. Population growth, urbanisation, and economic development are all contributing reasons to the 

rising trend. India's booming industrial sector, combined with increased urbanisation and electrification efforts, 

has resulted in higher energy consumption per person (Rai & Paul, 2018). Furthermore, government activities 

increasing access to energy, such as rural electrification programmes, contribute to the upward trend in per capita 

energy consumption (Pachauri & Spreng, 2019). 

In Japan, the trend analysis of per capita energy use shows a progressive drop over time, with volatility in 

specific periods. The decreasing trend can be linked to a variety of factors, including energy saving initiatives, 

technical developments, and changes in industrial structure (Ito & Tanaka, 2017). Japan's emphasis on energy 

conservation, renewable energy adoption, and high energy efficiency regulations has contributed to lower per 

capita energy consumption (Nishio & Okushima, 2020). Furthermore, structural changes in the economy, such as 

the loss of energy-intensive industries, have contributed to the declining trend in per capita energy consumption 

(Yamaguchi and Iwafune, 2016). 

 

             Source: Author’s Computation 

Figure 6: Trend Analysis of per capita energy use Patents of India and Japan (2000-2020) 

In India, the trend analysis of per capita renewable energy use shows a progressive increase over time, with 

volatility in specific times. This trend is mostly driven by the Indian government's emphasis on renewable 

energy expansion, as indicated in programmes like the National Action Plan on Climate Change (Jain et al., 

2020). India has made major investments in renewable energy infrastructure, particularly solar and wind power, 
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to diversify its energy mix and lessen its reliance on fossil fuels (Sood & Bansal, 2018). Furthermore, 

organisations such as the International Solar Alliance have hastened the adoption of renewable energy 

technology in India (Sinha and Kumar, 2019). 

In Japan, the trend analysis of per capita renewable energy use shows a progressive increase over time, with 

variations in some times. This trend is being driven by Japan's determination to cut greenhouse gas emissions 

and transition to a low-carbon economy following the Fukushima nuclear disaster (Ichinohe & Shirai, 2018). To 

encourage the use of renewable energy, Japan has developed a variety of regulations, including feed-in tariffs 

and renewable energy objectives (Kitasei et al., 2016). Furthermore, technological breakthroughs and lowering 

costs of renewable energy technology have led to the increase in renewable energy consumption in Japan. 

 

            Source: Author’s Computation 

Figure 7: Trend Analysis of per capita renewable of India and Japan (2000-2020) 

In India, the trend analysis of population density reveals a consistent increase throughout time, although at a 

slower rate in recent years. Several reasons contribute to this tendency, including high birth rates, rural-to-urban 

migration, and a scarcity of land for housing and infrastructure development. Rapid urbanisation, particularly in 

metropolitan regions, has greatly influenced India's population density trend (Jain et al., 2015). Government 

attempts to improve urban infrastructure and create job opportunities in metropolitan areas have also driven 

migration to cities, increasing population density (Chakraborty et al., 2019). 

In Japan, trend analysis of population density reveals a reasonably stable pattern with little swings over time. 

This trend is influenced by low birth rates, an ageing population, and rural depopulation (Saito et al., 2019). 

Government programmes encouraging regional revitalization and decentralisation have attempted to address 

rural population decrease while redistributing population concentration from urban to suburban and rural 

areas (Shinoda et al., 2017). 

Furthermore, immigration restrictions have been eased to recruit foreign workers and alleviate labour shortages 

in specific industries (Hirai et al., 2018). 

 
            Source: Author’s Computation 

Figure 6: Trend Analysis of population density of India and Japan (2000-2020) 
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In India, the trend examines the proportion of the population living in urban regions reveals a constant increase 

over time. This trend is mostly driven by rural-to-urban migration, which is influenced by variables such as job 

opportunities, greater access to education and healthcare, and enhanced urban infrastructure (Roy and Kumar, 

2020). Government initiatives such as the Smart Cities Mission and urbanisation laws aimed at fostering 

sustainable urban development have also helped to expand India's urban areas (Sanyal, 2019). 

In Japan, the trend analysis of the proportion of the population living in urban regions indicates a generally 

constant pattern with a modest increase over time. Industrialization, economic expansion, and the concentration 

of job opportunities in urban centres have all had an impact on Japan's urbanisation (Sato & Fujita, 2018). 

However, Japan's ageing population and decreased fertility rates have resulted in slower urbanisation than other 

countries (Nakagawa, 2021). Government initiatives aimed at urban regeneration and sustainable development 

seek to maintain urban quality of life while tackling demographic challenges (Lee & Murakami, 2019). 

 

                  Source: Author’s Computation 

Figure 7: Trend Analysis of share of population in urban areas of India and Japan (2000-2020) 

In India, the trend analysis of total economic damages from disasters as a percentage of GDP has fluctuated 

throughout time. The volatility is attributable in part to the country's vulnerability to natural catastrophes such as 

floods, cyclones, earthquakes, and droughts, all of which cause major economic losses (Sudhakar and Marothia, 

2018). Disasters have a greater impact on India's economy due to limited infrastructure, weak disaster 

preparedness measures, and rising urbanisation (Rasul, 2020). Furthermore, climate change-induced extreme 

weather events add to the variability in economic impacts (Kumar & Ghosh, 2019). 

In Japan, a trend analysis of overall economic damages from disasters as a percentage of GDP reveals a rather 

consistent pattern with occasional surges. Japan's geographical location leaves it vulnerable to earthquakes, 

tsunamis, and typhoons, which can result in severe economic losses (Mimura et al., 2014). However, Japan's 

strong disaster management system, tight construction rules, and investment in resilient infrastructure all assist 

to reduce the economic impact of disasters (Okuyama & Hewings, 2015). Despite these precautions, incidents 

such as the 2011 Great East Japan Earthquake and Tsunami illustrate the ongoing possibility of large- scale 

economic harm from disasters (Funabashi and Kitazawa, 2012). 

 

              Source: Author’s Computation 

Figure 7: Trend Analysis of total economic damages from disasters of India and Japan (2000- 2020) 
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The correlation analysis has been conducted on the variables under study for India and the results have been 

presented in Table 2. GDP per capita has strong positive correlations with several variables, including energy 

consumption per capita (0.992), CO2 emissions per capita (0.985), technology patents (0.933), per capita energy 

use (0.992), per capita renewable (0.948), population density (0.988), and urban population share (0.985). This 

implies that higher GDP per capita correlates with higher energy use, CO2 emissions, innovation (as measured 

by patents), energy use, renewable energy adoption, urbanisation, and population density. 

Energy Consumption per capita and CO2 Emissions per capita have very strong positive relationships (both 

greater than 0.98), implying that higher energy consumption causes higher carbon emissions. Furthermore, Per 

Capita Energy Use has a strong correlation with both Energy Consumption per capita and CO2 Emissions per 

capita (both greater than 0.99), demonstrating the consistency of these energy-related variables. 

Gross R&D expenditure has a negative association with various factors, including GDP per capita (-0.586), 

energy consumption per capita (-0.587), CO2 emissions per capita (-0.538), and technological patents (-0.434). 

This implies an adverse link between R&D expenditure and economic progress, energy consumption, carbon 

emissions, and innovation. However, additional research is required to grasp the underlying dynamics. 

Population density and share of population in urban areas have strong positive associations with most variables, 

implying that urbanisation and population expansion are linked to increased GDP, energy consumption, CO2 

emissions, innovation, and economic losses from disasters. 

Total Economic Damages from Disasters have extremely low correlations with other variables such as GDP per 

capita, energy-related indices, innovation, and urbanisation. This shows that factors other than those included in 

this analysis, such as disaster preparedness, infrastructure resilience, and socioeconomic vulnerabilities, may 

have an impact on catastrophe-related economic damages. 

Table 2: Correlation Analysis for India 

 GDP EC CO2 R&D PAT EU REN PD URB ED 

GDP 1          

EC 0.992 1         

CO2 0.984 0.994 1        

R&D -0.586 -0.586 -0.537 1       

PAT 0.932 0.939 0.957 -0.434 1      

EU 0.992 0.999 0.995 -0.583 0.940 1     

REN 0.948 0.945 0.917 -0.741 0.827 0.944 1    

PD 0.988 0.988 0.979 -0.608 0.933 0.988 0.956 1   

URB 0.985 0.986 0.971 -0.670 0.919 0.986 0.971 0.995 1  

ED 0.010 0.040 0.020 -0.396 -0.036 0.0379 0.178 0.066 0.098 1 

Source: Author’s Computation 

The correlation analysis has been conducted on the variables under study for Japan and the results have been 

presented in Table 3. GDP per capita is moderately negatively correlated with energy usage per capita (-0.355). 

This shows that while GDP per capita rises, energy consumption per capita falls, which could be attributable to 

increased energy efficiency and moves towards less energy-intensive businesses. The ssociation between energy 

consumption per capita and CO2 emissions per capita is somewhat positive (0.565). This shows that higher 

energy consumption per capita correlates with higher CO2 emissions per capita, emphasising the environmental 

impact of energy production and consumption. 

Gross R&D expenditure and patents by technology have a positive relationship (0.477). This shows that greater 

expenditure in R&D is linked to increasing innovation and technological improvements, as evidenced by the 

number of patents granted. Per capita energy use has a substantial negative relationship with per capita 

renewable energy use (-0.801). This suggests that when renewable energy usage per capita rises, overall energy 

consumption per capita falls, showing a shift towards cleaner and more sustainable energy resources. 
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There is a substantial positive association (0.831) between urban population share and gross R&D expenditure. 

This shows that urbanisation is related with increased investment in R&D, as metropolitan areas frequently act 

as foci for innovation and technological advancement. Population density has a substantial negative correlation 

with per capita renewable energy use (-0.795). This suggests that locations with higher population densities have 

lower per capita renewable energy consumption, possibly due to space constraints and a lack of renewable 

energy infrastructure in densely populated areas. 

There is a moderate positive association (0.469) between the proportion of the people living in urban and total 

economic damage caused by disasters as a percentage of GDP. This shows that metropolitan regions are more 

vulnerable to disaster-related economic losses, most likely due to increased population, infrastructure, and 

economic activity concentrations. 

Table 3: Correlation Analysis for Japan 

 GDP EC CO2 R&D PAT EU REN PD URB ED 

GDP 1          

EC -0.355 1         

CO2 -0.030 0.565 1        

R&D 0.248 -0.563 -0.174 1       

PAT 0.342 -0.257 0.276 0.476 1      

EU -0.361 0.999 0.560 -0.569 -0.264 1     

REN 0.015 -0.801 -0.655 0.339 0.097 -0.794 1    

PD 0.165 0.573 0.680 0.028 0.333 0.562 -0.848 1   

URB 0.514 -0.803 -0.307 0.831 0.584 -0.808 0.552 -0.109 1  

ED 0.469 -0.149 0.062 0.030 0.222 -0.153 0.035 0.068 0.190 1 

Source: Author’s Computation 

RESULTS AND DISCUSSIONS 

The comparative analysis between India and Japan, as detailed in Tables 1 to 7, provides insights into the varying 

economic factors, built environment, sustainable building practices, policy and governance, decarbonization 

efforts, innovation in building technologies, and resilience strategies of the two nations. Table 1 illustrates the 

economic factors where Japan’s mature economy and technological advancements stand in contrast to India’s 

rapidly growing economy, which presents both opportunities and significant challenges. Table 2 compares the 

built environment, highlighting Japan’s efficient urban planning and infrastructure against India’s ongoing 

efforts to manage rapid urbanization. Table 3 explores sustainable building practices, showing Japan's 

established green standards while India is still expanding its sustainable practices. Table 4 on 

policy and governance emphasizes Japan’s comprehensive regulatory frameworks, compared to India’s evolving 

policies aiming to support sustainable development. Table 5 addresses decarbonization efforts, with Japan’s 

long-standing commitment and advanced strategies compared to India’s more recent, yet rapidly evolving, 

initiatives. Table 6 contrasts Japan’s leadership in building technology innovations with India’s growing focus 

on adopting and adapting new technologies to local conditions. Lastly, Table 7 delves into resilience strategies, 

where Japan’s extensive experience with disaster preparedness contrasts with India’s developing resilience 

frameworks. Together, these tables provide a comprehensive overview of the strengths and challenges each 

country faces in their pursuit of sustainable development. 

  



Ipsa Khanna, Pooja Mehra, Sanica Abbott 

 

Journal of Commerce, Economics and Finance 12 

Table 4: Comparing Economic factors of Japan and India: Advantages and Challenges 

Economic JAPAN INDIA 

 Advantages Challenges Advantages Challenges 

GDP growth 

rate 

Stable and steady GDP Low birth rates and an High GDP growth rate Economic disparities 

between urban and rural 

areas, leading to uneven 

development and income 

inequality 

 growth rate, reflecting a aging population 

contribute 

driven by a young and 

 mature and diversified to slower economic 

growth 

growing population, 

 economy  expanding middle 

   class, and increasing 

   consumption 

Employment in Stable employment Shrinking labour force 

due 

Growing employment Informal employment 

and lack of job security 

in the construction 

sector, leading to low 

wages and unsafe 

working conditions 

the construction opportunities in the to aging population and opportunities in the 

sector and construction sector and declining birth rates construction sector, 

related 

industries 

related industries  supporting economic 

   growth and 

   urbanization 

Government Robust government Aging infrastructure and Government 

initiatives 

Limited fiscal space and 

spending on spending on increasing costs of to boost infrastructure competing priorities may 

infrastructure infrastructure maintenance and upgrades development and constrain government 

development 

and 

development and  environmental spending on 

infrastructure 

environmental environmental  sustainability, and environmental 

protection protection  promoting sustainable projects 

   growth  

Source: Author’s Computation 

Table 2: Comparing Japan and India’s Built Environment: Advantages and Challenges 

Built Environment JAPAN INDIA 

 Advantages Challenges Advantages Challenges 

Urbanization rate 

and 

Well-planned urban Aging population and Rapid urbanization Overcrowding and 

strain 

population density areas with efficient declining birth rates driving economic on infrastructure, 

leading 

 infrastructure and leading to population growth and to slums and informal 

 transportation 

systems 

decline and urban decay development of 

urban 

settlements 

   centers  

Housing 

affordability 

High-quality 

housing 

High cost of housing in Affordable housing Backlog of housing 

demand and inadequate 

housing supply, 

especially in urban 

areas 

and quality of 

housing 

with modern 

amenities 

urban areas, particularly schemes and 

stock and efficient use of in major cities, leading government 

initiatives 

 space to affordability issues to improve housing 

  for young people and quality 

  low-income families  



Ipsa Khanna, Pooja Mehra, Sanica Abbott 

 

Journal of Commerce, Economics and Finance 13 

Built Environment JAPAN INDIA 

 Advantages Challenges Advantages Challenges 

Infrastructure 

investment and 

development 

projects 

Advanced 

infrastructure 

networks, including 

transportation, 

utilities, and 

telecommunications 

Government-led 

infrastructure projects to 

support economic 

growth and enhance 

connectivity 

Increasing 

investment in 

infrastructure 

projects to improve 

connectivity and 

economic 

competitiveness 

Challenges in project 

implementation and 

financing, leading to 

delays and cost 

overruns 

Building codes and 

regulations related 

to sustainability and 

resilience 

Stringent building 

codes and 

regulations 

promoting 

sustainability and 

resilience 

Adoption of advanced 

technology and 

construction techniques 

to enhance building 

safety and resilience 

Growing emphasis 

on green building 

standards and 

sustainable 

construction 

practices 

Limited enforcement of 

building codes and 

regulations, leading to 

substandard 

construction practices 

and vulnerability to 

disasters 

Source: Author’s Computation 

Table 3: Comparing Sustainable Building practices of Japan and India 

Sustainable 

Building 

Practices 

JAPAN INDIA 

Sustainable 

Building 

Revolution 

Japan has a long history of embracing sustainable 

building practices, with a strong focus on 

technological innovation and environmental 

stewardship. Green building technologies, 

energy- efficient designs, and seismic-resilient 

construction methods are prevalent. 

India has witnessed a growing interest in 

sustainable building practices, spurred by 

increasing environmental awareness and 

government initiatives. While sustainability is a 

key focus, adoption rates vary across urban and 

rural areas, with traditional methods still common 

in some regions. 

Policies and 

Governance 

Japan has implemented comprehensive policies 

and regulations to promote sustainable 

construction, including building codes, energy 

efficiency standards, and incentives for green 

building certifications such as CASBEE and 

LEED. Financial support and tax incentives 

further encourage adoption. 

India has introduced several policies and 

initiatives to encourage sustainable construction, 

such as the National Building Code, Energy 

Conservation Building Code, and the GRIHA 

certification system. Government schemes like 

the Smart Cities Mission and Housing for All 

aim to promote green building 

practices. 

Certifications Japan offers various certifications to assess and 

recognize the environmental performance of 

buildings, including CASBEE and LEED. These 

certifications evaluate factors like energy 

efficiency, indoor  environment  quality,  and  

environmental 

impact. . 

India's primary green building certification 

system is GRIHA, which assesses buildings 

based on criteria such as energy efficiency, water 

conservation, and waste management. 

Certifications like LEED, IGBC, and EDGE are 

also gaining traction. 

Green 

Building 

Materials and 

Practices 

Japan utilizes advanced green building materials 

and practices, such as cross-laminated timber 

(CLT), eco- friendly concrete, and prefabrication. 

Sustainable practices  like  rooftop  gardens  

and  modular 

construction are common. 

India employs a diverse range of green building 

materials, including bamboo, rammed earth, and 

recycled materials like fly ash bricks. Traditional 

methods like passive design strategies and 

natural ventilation are prevalent. 

Source: Author’s Computation 
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Table 4: Comparing Japan and India’s Policy and Governance: Advantages and Challenges 

Policy & 

Governance 

JAPAN INDIA 

Advantages Challenges Advantages Challenges 

Environmental 

regulations and 

policies promoting 

decarbonization and 

sustainability 

Stringent 

environmental 

regulations and 

policies promoting 

decarbonization and 

sustainability 

High regulatory 

compliance costs and 

potential impact on 

business 

competitiveness 

Growing emphasis 

on environmental 

protection and 

sustainability 

policies, fostering 

green growth and 

development 

Limited enforcement 

capacity and regulatory 

loopholes may 

undermine 

effectiveness of 

environmental 

regulations 

Government 

initiatives and 

incentives to foster 

innovation in the 

built environment 

Government-led 

initiatives and 

incentives to foster 

innovation and 

technology adoption in 

the built environment 

Established innovation 

ecosystem and 

supportive policies for 

research and 

development 

Increasing 

investment in 

innovation and 

technology adoption 

to drive sustainable 

development 

Limited funding and 

resources for innovation 

initiatives and 

technology adoption in 

the built environment 

Institutional 

capacity for disaster 

risk management 

and urban planning 

Strong institutional 

capacity for disaster 

risk management and 

urban planning 

Advanced disaster 

preparedness and 

response infrastructure 

and efficient urban 

planning systems 

Growing institutional 

capacity for disaster 

risk management and 

urban planning, 

improving resilience 

to natural disasters 

Challenges in 

coordinating efforts and 

resources among 

different government 

agencies and 

stakeholders 

Public-private Well-established 

public-private 

partnerships and 

collaboration for 

sustainable 

development goals 

Effective coordination 

and collaboration 

between government 

and private sector 

stakeholders 

Increasing 

engagement of 

private sector in 

sustainable 

development projects 

and initiatives 

Limited experience and 

partnerships and capacity in forming and 

collaboration for managing public-

private  

sustainable partnerships for  

development goals sustainable 

development 

 projects 

Source: Author’s Computation 

Table 5: Comparing Japan and India’s Decarbonatization efforts: Advantages and ChallengesSource: Author’s Computation 

Decarbonization 
JAPAN INDIA 

Advantages Challenges Advantages Challenges 

Carbon 

emissions per 

capita 

Lower emissions due to 

advanced technology 

adoption, efficient 

infrastructure, and energy 

policies 

Aging population 

and economic 

stagnation limit 

emissions growth 

High potential for 

emission reduction 

through policy 

interventions and 

technological 

innovation 

Rapid industrialization 

and urbanization drive 

emissions growth 

Renewable 

energy usage 

High proportion of 

renewable energy in 

energy mix, advanced 

technology 

deployment, and 

supportive policies 

Limited land 

availability for 

large- scale 

renewable 

installations 

Abundant solar and 

wind resources, 

ambitious renewable 

energy targets 

Challenges in grid 

integration and storage 

capacity 

Energy efficiency 

measures 

Energy-efficient 

infrastructure, building 

codes, and industrial 

practices, leading to lower 

energy intensity 

Mature technology 

adoption but limited 

scope for further 

improvements 

Opportunity for energy 

savings through 

improved efficiency 

standards and retrofits 

Implementation 

challenges and lack of 

awareness about energy 

efficiency benefits 

Adoption of clean 

technologies 

Advanced research and 

development capabilities, 

innovative construction 

techniques, and green 

building standards 

Emphasis on 

sustainable urban 

planning and 

infrastructure 

development 

Growing demand for 

green buildings and 

sustainable 

infrastructure 

Limited adoption due to 

cost considerations and 

resistance to change 

Source: Author’s Computation 
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Table 6: Comparing Japan and India’s Innovation in Building Technologies: Advantages and Challenges 

Innovation 
JAPAN INDIA 

Advantages Challenges Advantages Challenges 

Research and High R&D expenditure 

reflects commitment to 

innovation and 

technology 

development 

Mature innovation 

ecosystem, but facing 

competition from 

emerging economies 

Increasing investment in 

R&D to foster 

innovation and 

economic growth 

Limited R&D 

investment and 

infrastructure compared 

to developed countries 

development 

(R&D) 

expenditure as a 

percentage of GDP 

Number of patents Leading in the number 

of 

Strong intellectual Increasing emphasis Limited resources and 

related to green patents related to green property protection, on innovation and institutional support for 

technologies and technologies and fostering innovation in technology adoption in patent registration and 

sustainable sustainable construction sustainable practices sustainable enforcement 

construction   construction  

Adoption of Adoption of advanced 

green building materials 

and construction 

techniques 

Stringent building 

codes and regulations 

may limit innovation 

in construction 

practices 

Growing demand for 

innovative building 

solutions to address 

sustainability challenges 

Limited awareness and 

market acceptance of 

new building materials 

and techniques 

innovative building 

materials and 

construction 

techniques 

Investment in 

smart 

Leading in investment 

in 

Advanced 

infrastructure 

Growing investment in Challenges with 

city technologies smart city technologies and technology smart city initiatives to infrastructure funding 

and infrastructure and infrastructure adoption, fostering improve urban and implementation, 

  innovation in urban governance and limited scalability of 

  development services projects 

Source: Author’s Computation 

Table 7: Comparing Japan and India’s Resilience strategies: Advantages and Challenges 

Resilience 
JAPAN INDIA 

Advantages Challenges Advantages Challenges 

Disaster 

preparedness and

 res

ponse capabilities 

High level of 

disaster 

preparedness and 

response 

infrastructure 

Advanced warning 

systems and 

evacuation 

procedures 

Increasing focus on 

disaster 

management and 

response systems 

Limited resources and 

capacity for effective 

disaster preparedness 

Infrastructure 

resilience to 

natural disasters 

Well-developed 

infrastructure 

resilient to earthquakes and typhoons 

Stringent building 

codes and standards 

for seismic 

resilience 

Growing 

investments in

 res

ilient 

infrastructure 

projects 

Vulnerable 

infrastructure and 

limited funding for 

retrofitting 

Availability of 

green spaces and 

urban planning 

Abundant green 

spaces and parks in 

urban areas 

Urban planning 

policies promoting

 

green infrastructure 

Increasing emphasis 

on green urban 

planning and 

development 

Challenges with rapid 

urbanization and encroachment  on  green 

spaces 

Access to social 

safety nets and 

community 

resilience measures 

Strong social safety 

nets and 

community- based 

disaster response 

systems 

Community-based 

initiatives for 

disaster risk 

reduction 

Growing awareness 

and participation in 

community 

resilience programs 

Limited access to 

social safety nets and 

resources in vulnerable 

communities 

Source: Author’s Computation 

CONCLUSION 

Japan and India should both develop strong renewable energy policies to hasten the shift to cleaner energy 

sources. This includes establishing dedicated renewable energy targets, offering incentives for renewable energy 

investment, and streamlining regulatory processes to facilitate renewable energy deployment (Garg et al., 2020; 
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Nishio & Okajima, 2019). Governments in Japan and India should prioritise investment in research and 

development (R&D) to promote innovation and technical improvements in the built environment. This can be 

accomplished through financial grants, tax incentives for R&D operations, and encouraging collaboration across 

academic, industrial, and government research institutes (Goyal and Pal, 2018; Kato & Shrestha, 2019). 

Enforcing strict energy efficiency standards for buildings and appliances can dramatically reduce energy usage 

and emissions in both countries. Japan and India should implement mandatory energy efficiency labelling 

programmes, offer financial incentives for energy- efficient devices, and raise public awareness about energy 

conservation (Sugiyama & Fukasawa, 2018; Sharma et al., 2020). Given the vulnerability of both countries to 

natural catastrophes, investing in resilient infrastructure is critical to reducing economic losses and 

strengthening the built environment. This involves strengthening infrastructure to withstand extreme weather 

events, enhancing urban planning and zoning rules, and incorporating nature- based disaster risk reduction 

strategies (Fujii and Kajitani, 2020; Mukherji et al., 2019). 

Japan and India should expand international cooperation and exchange of knowledge in order to utilise best 

practices, share technological expertise, and solve common concerns such as decarbonisation, innovation, and 

resilience in the built environment. This can be accomplished through collaboration with international 

organisations, joint research projects, and participation in global initiatives like the Paris Agreement and the 

Sustainable Development Goals (SDGs) (Arora & Gambardella, 2017; Joshi et al., 2019). 

By following these policy suggestions, Japan and India may accelerate their transition to more sustainable and 

resilient built environments, while also contributing to global efforts to combat climate change and promote 

equitable growth. 
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