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Abstract

Converting from mass-production/mass-consumption lifestyles to low-
carbon lifestyles is important for the establishment of a low-carbon society.
Although much research has been conducted, mainly in the urban environment
field, on human behavioral factors in energy consumption, much of this
research has been focused only on direct energy consumption by people in
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their daily lives. In reality, because energy consumption of the industrial
sector is extremely high compared to that of the residential, commercial and
transportation sectors, reducing CO, emissions from industrial activity is the

key to large reductions in CO, emissions. Moreover, because global warming
countermeasures that suppress consumption behavior may induce economic
downturns, it is imperative that consideration also be given to invigorating the
economy and securing employment. Therefore, we are conducting research to
develop a method for designing urban environment systems that achieves a
balance between CO, emissions reduction and economic invigoration. The aim
is to shift industrial structure gradually by leading it toward conversion to low-
carbon lifestyles. With this method, it could be expected that a balance between
CO, emissions reduction and economic invigoration might be achieved without a
heavy burden of cost or suppression of consumption. This method incorporates
a life cycle CO, emissions reduction scenario into research on low-carbon
urban environment planning, which has conventionally been focused on the
residential, commercial and transportation sectors. Furthermore, because the
method gradually shifts industrial structure toward industries with low-carbon
lifestyles through lifestyle conversion, it can be said to provide a soft landing for
the transformation from a mass-production/mass-consumption society.
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consumption may lead to economic deceleration. Because economic
invigoration is a large incentive for local governments, it is difficult
to implement measures that reduce CO, emissions by controlling
consumption. Therefore, it is imperative that consideration be given
to invigorating the economy and securing employment. In order
to generate employment, policies have been made for encouraging
investment in global warming measures under concrete government
guidance (e.g., local Green New Deal funds in Japan [7]). However,
this also generates costs, and thus, the lower the economic capacity
of a local government body, the more difficult it is to introduce such
measures on a large scale. In particular, for measures such as solar-
or wind-generated electricity, where the percentage of initial costs is
high, there might be an outflow of wealth into regions with factories.
Thus, it cannot be denied that regions that introduce such equipment
are likely to become increasingly economically impoverished.

Introduction

Although numerous studies have been conducted on the
establishment of a low-carbon society, the actual amounts of CO,
reduction thus far achieved cannot be considered sufficient; thus,
there is a need to relate research to provide future policies that are
more viable [1,2]. In establishing a low-carbon society, an important
issue is shifting from a wasteful lifestyle in a mass-production/mass-
consumption society to a low-carbon lifestyle [3,4]. Many of the
educational activities aimed at the general public, such as campaigns
encouraging no-carbon lifestyles and electricity conservation, are
based on knowledge obtained from these studies (e.g., Team Minus 6%,
Challenge 25 campaign, Fun to Share campaign [5]). However, most
of this effort has been focused only on direct energy consumption by
peoplein their dailylives (e.g., air-conditioning, private cars, hot water
supply), and does not address CO, emissions by the industrial sector,

which causes a high percentage of CO, emissions. In reality, reducing
CO, emission from industrial activities is extremely important for
conversion from mass-production/mass-consumption lifestyles to
low-carbon lifestyles because energy consumption in the industrial
sector is extremely high, compared to that in other sectors [6]
(Figure 1). Moreover, global warming countermeasures that suppress

Therefore, there is an urgent need to formulate proposals that
reduce overall life cycle CO, emissions for residential, commercial,
transportation and industrial sectors, as well as to construct urban
environment systems for realizing such lifestyles. Thus, this paper
introduces proposals for new urban environmental-planning and
evaluation measures.
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Figure 1: Trends in CO, emission in each sector in Japan (prepared based
on the National Greenhouse Gas Inventory [6]).

Summary of Previous Research and

Proposed Method

Numerous studies have been conducted on low-carbon and
energy-conservation lifestyles in the field of urban environment
research, mainly in architecture, civil engineering, and urban
engineering [8-10]. Most of the activities recommended focus
only on direct energy consumption by people in their daily lives
(e.g., changing air-conditioner settings and promoting the use of
public transportation), and normally targets only the residential,
commercial, and transportation sectors. However, the reality is that
the energy consumption of the industrial sector is extremely high
compared to that for the other sectors. Thus, reducing CO, emissions
from industrial activity is the key to large reductions in CO, emissions.
In this field of research, there are many studies of industrial sector
measures, and on CO, emissions from the perspective of factories
[11], but there is a lack of information from the perspective of
consumers.

Research that assesses CO, emissions in the industrial sector from
the perspective of consumers is conducted in the life cycle assessment
(LCA) field of research. In this field, CO, emissions resulting from
the production of various industrial products are estimated for the
entire supply chain based on Input Output tables [12,13]. Using these
estimation results, the relationship between consumer behavioral
patterns and indirect CO, emissions is also analyzed [14]. Because this
enables the calculation of CO, emissions resulting from the production
of various industrial products for the entire supply chain, it is possible
to understand the relationship between life cycle CO, emissions and
consumer lifestyles. At this stage, such knowledge has generally been
established, and the number of implementations in the real world is
gradually increasing. (e.g., the CFP program [15]: the environmental
housekeeping book, Ecohana). Such cases have enabled provision of
information (visualization) of CO, emission levels when products
are purchased. They are also beneficial information for supporting
voluntary, environmentally friendly behavior among consumers
that are highly environmentally conscious. However, in order to tie
these measures to concrete government-led policies, it is necessary
to consider their impact on the economy also. In reality, because
suppressing consumption may have adverse effects on the economy,
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Figure 2: Summary of previous research and positioning of proposed
methods.

Environmental
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it is difficult to implement government-led policies that suppress
consumption while attempting to reduce CO, emissions.

Striking a balance between reduction of CO, emissions and
economic invigoration is an important theme in the field of
environmental economics. As a result, a number of pertinent
economic models and evaluation methods have been established.
However, in many of the measures proposed, the policy is to stimulate
the economy with global warming countermeasures, thereby
balancing reduction of CO, emissions and economic invigoration
[16,17]. In brief, these policies seek to establish a balance between CO,
emissions reduction and employment generation. However, it is also
necessary to consider the need for other agents to bear the burden of
cost. In other words, because these policies are mechanisms by which
employment is generated through the implementation of expensive
global warming countermeasures, it is necessary to consider the actual
burden on household budgets and public finance. This approach has
the unavoidable effect of limiting implementation. In many cases,
for the more effective global warming countermeasures related to
generating employment, the costs are generally higher. Therefore, it
is difficult to implement large-scale policies to reduce CO, emissions.

From such background, it can be seen that, although the
information from each field has advantages and disadvantages, it is
evident that they are also mutually complementary. Therefore, this
paper proposes measures that tie together the three research fields
that have thus far been discussed individually (Figure 2).

Proposal for Urban Environment Planning
and Evaluation Measures

We are conducting research to develop a method to solve such
problems by transforming industrial structure while simultaneously
transforming lifestyles. In other words, it is important to encourage
lifestyle transformations that gradually lead to a shift in industrial
structure, toward industries with low carbon emissions that are highly
effective in generating local employment. A typical example would
be a transformation from a lifestyle dependent on manufacturing
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Figure 3: Results of the estimation of CO, emissions from direct energy
consumption.
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Figure 5: Diagram of the proposed methods.
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Figure 4: Results of the estimation of indirect CO, emissions related to daily
life.

industries to a lifestyle dependent on service industries that have
low carbon emissions in relation to their economic ripple effect. If
such lifestyle-guidance policies were to be implemented under the
direction of local government bodies, it is highly likely that a balance
could be established between generation of local employment and
reduction of CO, emissions, without generating a burdensome cost
or curbing consumption. Such policies could provide incentives for
many local government agencies.

Estimates of CO, emissions from direct energy consumption
linked to daily life and behavioral patterns and those from indirect
energy consumption related to the consumption of industrial
goods and services, calculated based on their entire supply chain,
are shown in Figures 3 and 4, respectively. In this study, CO,
emissions caused by electricity consumption were included in direct
CO, emissions in order to differentiate CO, emissions caused by
electricity consumption from indirect CO, emissions accompanying
the consumption of industrial goods and services. CO, emissions
from direct energy consumption (Figure 3) were calculated using
utility cost expenditure data collected by the Household Expenditure
Survey and energy prices collected by the Retail Price Survey and
broken down into energy uses based on climate conditions and urban
conditions by using the estimation method of Hirano et al. [18].
Indirect CO, emissions (Figure 4) were calculated using CO, emission
intensity [12] and Household Expenditure Survey data. These figures
indicate that indirect CO, emissions exceed the CO, emissions from
direct energy consumption. For the CO, emissions accompanying
food and transportation in particular, because multiple alternatives
are available to meet demands for these services, it is assumed that
there is enough room to implement CO, reductions to counter global
warming by changing lifestyles.

Figure 5 depicts a conceptual diagram, being developed by the
authors, of the planning and evaluation methods for realizing such
measures in concrete terms. This method proposes using urban

and regional environmental planning and lifestyles, to implement
measures for balancing the environment and economy. This is
to be achieved by linking consumer lifestyles with CO, emission-
reduction measures for entire supply chains with LCA, and economic
invigoration and/or employment generation.

The outline of this proposal is explained below. First, using
various survey materials related to lifestyle as well as survey materials
related to consumption, a list of various lifestyle activities and the
accompanying demand for services was created. An exhaustive
list of human behavior, for example, shopping, travel, food, and
entertainment, was created (lifestyle menu). Next, lifestyle-generated
CO, emission amounts were calculated using energy consumption
surveys, the LCA database, and other sources. In particular, the
relationship between industry and final demand was identified in
detail. The CO, emissions caused by the consumption of industrial
goods in factories were also linked to human behavioral factors of
consumers. Furthermore, in accordance with the lifestyle menu,
changes in industrial structure, accompanying CO, emission-
reduction effects, and employment generation effects were examined
using macroeconomic and input-output models. Using the results
from these analyses, lifestyles that have economic effects but generate
low carbon emissions were selected, and urban environments that
establish these lifestyles were designed. For example, in the case that
food service demand is envisioned, alifestyle menu comprising various
selections such as local restaurants, food-processing factories, and
home cooking was prepared. Those items that have economic effects
but generate little carbon are selected as low-carbon lifestyles. Here,
for example, if “local restaurants” were selected, urban designs that
increase the convenience of local restaurants would then be created.
In the urban environment field, much research has conventionally
been conducted on low-carbon lifestyles with regard to the use of
activities such as lighting, air-conditioning, and transportation. The
aim of this research method is to include not only such direct energy
consumption but also reductions in life cycle CO, emissions from the
consumption of products or services. This research method proposes
a future society where reduction in CO, emissions is balanced with
economic invigoration by depiction of lifestyles that gradually shift
industrial structure toward industries that have economic effects but
generate little carbon. Although changing and improving lifestyles
that are currently wasteful in a mass-production/mass-consumption
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society is an important issue, in reality, this approach is essential for
reducing industrial CO, emissions from the perspective of consumers
and is expected to contribute greatly to environmental policies.

The gradual shift in the industrial structure to industries with low
CO, emission levels through a transformation in lifestyles could also
be considered a way of providing a soft landing for the transformation
of society to a better alternative than mass-production/mass-
consumption. Although it has been a long time since “breaking
away from a mass-production/mass-consumption society” was first
mentioned in the discussions of environmental issues, this phrase
has been applied to waste prevention rather than global warming. In
contrast, although one often encounters the concept of “establishing
low-carbon lifestyles” in the field of global warming countermeasures,
what the general public has been broadly called on to reduce is not the
consumption of industrial products but direct energy consumption.
Therefore, it seems apparent that despite its importance, discussion
of the method for reducing CO, emissions resulting from the
consumption of products and services by transforming lifestyles has
been insufficient.

Conclusion

In this paper, we propose methods for planning urban and
regional environments, and lifestyles that realize measures for
balancing CO, emissions reduction and economic invigoration by
linking knowledge from the fields of urban environment, LCA, and
environmental economics. This method presents an image of a future
society where reduction of CO, emissions is balanced with economic
invigoration by establishing lifestyles that gradually shift industrial
structure toward industries that generate low lifestyle carbon per
economic activity. Through this method, it could be expected that a
balance might be established between local employment generation
and reduction of CO, emissions without creating a large burden of
cost and without curbing consumption. The method incorporates
lifestyle CO, emission-reduction menus that include research on low-
carbon urban environments, which have conventionally been focused
on the residential, commercial and transportation sectors.

In future studies, we aim to solidify this knowledge using a variety
of case studies. Moreover, we intend to relate this knowledge to
contributions based on academic reasoning, toward formulation of
policies for actual urban environmental construction, and of urban
planning for disaster reconstruction.
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