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Abstract

It would not be far-fetched to say that people’s lives depend on their environment and its quality.
With growing urbanization of this dependence is growing increasingly urban environment. Urba-
nization not only balances economic and social development in the cities but also stirs the region-
al ecological imbalances and the natural areas. In addition to these problems, there is disruption
of water, air, soil and environment built on imbalances between urban areas and the lack of social
vitality and frustration. All cities, especially metropolitan with developing economies face to un-
certainty in terms of health, environment and quality of life. This article utilizes the ecological and
environmental issues and integrates it with urban metabolism approach to the study’s revival of
urban ecology, something that results in enhanced quality of life for citizens. This research is the
theoretical and analytical method. In the research process of this study, related domestic and for-
eign literature subsequently of traditional and electronic library resources, books and articles
published in journals have been used. According to the type of research in this study, descriptive
analysis was performed. Based on findings of this study, urban ecology is a tool to control and
guide of urban growth and activities in a way to improve quality of urban environment. Applying
urban ecology in designing cities has provided opportunities to create practical ecological systems.
By using them, natural process, human activities and urban environment could be combined.
Moreover, urban metabolism as an indicator of urban sustainability and a part of urban ecology
includes two main related and non-contra-dictory approaches of odum and MFA. Due to difficul-
ties which modern cities face to, benefiting and applying these approaches seem vital.
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1. Introduction

In this age of ecological attitude, one of the most important issues in the world in sustainable development and
land-use planning, especially in a city, is human population growth [1] [2]. Urban environment faces to urban
population growth and natural ecosystem replacement. So that it is predicted that by 2050, 66 percent of the
world’s population will live in cities [3]. With the growing urban population, large cities are facing numerous
problems such as expensive ground that play an important role in the growth of the city, land-use changes and
restrictions on the development of green spaces and even replacing them with other kinds of land uses such as
residential or commercial inner city and industrial users have been on the fringes of cities.

The importance of water as a common resource is considered in many cities [4]. Nature is rapidly declining,
and this will gradually lead to a shortage of fresh water. While freshwater resources are limited, water shortages
are due to political competitions, the technological and financial barriers, and limited access to water leads [5]. It
promotes urban agriculture programs, as a part of an integrated approach to water it. Also due to agricultural re-
sources, livestock, aquaculture, high consumption and high demand for energy-intensive goods, food security
and self-sufficiency have become a pervasive problem in many areas. Also, due to population growth and higher
standards expected by 2050, global demand for food will increase to 70% - 90% [6]. With urbanization, pollu-
tion and effects of climate change, fertile agricultural areas are declining. Water is running out. Three-quarters
of fish have been exploited. It is expected that in 2050 it will destroy most fish [7]. Rainforests to preserve eco-
systems and carbon sinks are very important, for food production and supply of fossil fuels are now destroyed
and are being destroyed.

Estimation showed that 850 million people would live with starvation while others had to change their lives
and pass up goods and essential services such as health care and education [6] [8].

All the problems and complexities mentioned in urban ecology cause a sense of the need to consider new so-
lutions such as ecological solutions with the metabolic approach as soon as possible, and with such an approach
can reduce the damage to the city.

2. The Purpose of the Study

» Strict attention to the needs of future generations and design approaches metabolism (cycles), and energy
production.
* Reconstructing urban ecology with an emphasis on urban metabolism.

2.1. Eco-City

The concept of ecological city was first proposed in 1971 by the United Nations. “Richard register” was one of
the first writers to define the term Eco-City (Eco-City) in the book “Eco-City of Berkeley: building cities for sa-
lubrious future” in 1987 have been helpful [9] [10], so a precise definition of what could be ecological? Register
defines ecological city (Figure 1 and Figure 2).

“Urban Eco-city is due to environmental impacts it is designed. The people are still concerned to minimize
the energy needed for food, water, and waste heats output, air pollution, carbon dioxide, methane and water pol-
lution has are. “And then states that” sustainable city itself through the natural environment surrounding the
minimum required to feed and benefits of renewable energy (metabolism)” [9].

From this definition, it is clear that the aim of reducing the ecological footprint, produce the least amount of

pollution, land use, land allocation efficient, open, use or manufacture of fertilizers, use of materials and tech-
nology to energy waste (Waste-to-Energy) is, therefore, influence the city or area of climate change is minimal.
Three important elements ecological, people, economy and environment of the twenty-first century should be
the new urban design language [11].
This model represents a model “green city.” Optimum interaction of three factors: energy and materials, water
and bio diversity, and urban planning and transportation, improve social and environmental sustainability of ci-
ties is the integrated model that identifies 15 basic principles pays [12].

Bahrain [13] ecological city knows that the following four characteristics:

e Minimum interference in the natural environment.

* The maximum diversity (in terms of land use and activities).
* If possible, a closed system.

e Optimum balance between population and resources.
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Figure 2. Ecological urbanism.

Philine Gaffron and Franz Skala book hallmarks of ecological these cities are shown in Figure 3 these features.
Then Gaffron to five factors related to the development and ecological approaches to the city is: “context” and
four urban developments, which include “urban structure,” “transport,” “metabolism” and “socio-economic as-
pects” have noted. Each component consists of funds that are used to organize and deliver operational goals
(Figure 3).

In addition to the above, definitions should be noted that ecological or eco-city areas are holistic urban design
solutions that improve the lives and health of the residents and communities through an integrated urban plan
ning and management assistance and decrease the ecological benefits of renewable energy with the goal of zero
waste, Zero-Emission pollution control, urban managers to come. Eco district natural asset by paying more eco-
logical city of the future generations to preserve and strengthen an ecological civilization is at its core.

So today seek the deeper meaning of ecological civilization and harmonious life with nature finds it again.
Ecological civilization was the result of deep thought and works in the industrial civilization and ecological city
post-industrial civilization and ecological container and is a vehicle for [15].

The difference between the ecological city and existed cities are shown below (Figure 4).

2.2. Ecological Network

Ecological networks in the cities are often a series of green spaces and water basins (stains), green vectors,
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Figure 3. Hallmarks of an ecological city and the image of the landscape [14].

valleys and water channels (corridors). Larger stains and corridors, in terms of size, could cause the network to
perform better in terms of environmental issues. Green path’s margins vectors water currents cause stains con-
nection to each other, and they play an important role in terms of environmental performance while maintaining
the visual quality of their play [16].

Since the beginning of the 1990s, ecological networks play important roles in promoting processes of eco-
nomic, social and ecological values of urban open spaces. The idea of ecological networks in Europe and in the
United States in the early twentieth century and the green paths to connect the green or urban natural areas and
forest systems have been performed [17].

Protection and development of green space and paths, urban and natural parks are ecological solutions for the
preservation of bio diversity within cities [18]. Since there are the close relationships between the scenery and
landscapes with identity [19], permeability, flexibility and linkages between green regions of cities with expan-
sion of infrastructures and the creation of ecological networks has positive effects on reducing the environmental
problems and promotion of the environmental identity [20].

2.3. Ecological Development

Ecological development tries to comprehend the interaction between environment, economy, politics and social-
cultural factors that are based on ecological principles and will enable people to be in harmony with nature and
will help them to achieve sustainable development [9].
In this way of the development, cities and towns should be designed to promote health and quality of life of their
inhabitants and ecosystems that depend on them remain. Development of ecological citizenship decisions, public
administration, industry, efficient, ecological, needs and expectations of people, cultures and landscapes with
linking and thus nature, agriculture and the built environment can be integrated with each other, healthy applica-
tions (Figure 5).

Different aspects of the ecological development include different aspects of human life, that they could be
presented as follows (all concepts described in Figure 6).

1) Ecological security.

2) Ecological health.

3) Ecological Industrial Metabolism.

4) Ecoscape.

5) Ecological awareness.
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2.3.1. Ecological Development Characters
Finally, the ecological development should have 3 following features:
1) Replicable (a model that is applicable in other regions).
2) Practical (in terms of sustainable economic).
3) Scalable (provided to other large-scale sites vary).

2.3.2. Ecological Aspects of Urban Development
By principles, it would be possible to categorize them in three general aspects:
» Establishing the “ecological” Urban environment (public transport and cycle recycling).
» Creating more efficient utilization of resources (land, water).
» Establishing livable cities (regeneration and urban programs against marginal settlements).

Each urban area should be seen as an ecosystem and therefore, construction should be done base on this pers-
pective. It should be noted that these aspects should be used in an integrated form, so they can be led to ecologi-
cal development. These aspects specified the strategies which are necessary to achieve the ecological city.
However, it should be based on the site and scale of projects. At the beginning, access to some could be difficult
but to achieve all these aspects is essential. In this way, they lead to establish a balance between urban growth
and optimum application of natural resources.

3. Principles of Urban Design with Ecological Development Approach

Ecological designed and the concept of sustainability must be consistent. Consequently, the type of design must
be consisted of the following principles [22] (Figure 7).

The design will be community-oriented, small-scale, local, appropriate technology, people-oriented, focused
on users, context and culture, low cost, designed from the bottom up, inclusive seeking freedom and benefiting
from the resources its own region [23].

4. The Concept of Urban Metabolism

The concept of urban metabolism was established by Wolman [24] that was the foundation for the development
of sustainable cities and communities. Urban metabolism can be described as “the set of all technical and socio-
economic processes of growth, energy production and eliminate waste in the cities,” defined [25]. In practice,
the study of an urban metabolism is a “big picture” of quantification (quantity or become number) of inputs and
outputs and stored energy, water, nutrients, and waste material in the city.

The concept of urban metabolism almost has been created by comparison with the metabolism of living or-
ganisms. Cities behave same as living beings in order to consuming materials and waste disposal. Cities convert
raw materials, fuel and water into the built environment and send out biomass and waste [26]. However, cities
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Figure 6. The concept of ecological development.

are more complex than a living organism (city location a large number of organisms, humans, animals and
plants).

So the notion that cities are like ecosystems, it is true. In fact, the models of natural ecosystem are objectives of
the development of sustainable cities. Natural ecosystems generally are self-sufficient in terms of energy inputs
or by permanent and preserved by Saprophagous (insects that break down organic matter and returned to the
food chain.) How supplied each city has the same behavior will be more stable. However, contemporary com-
pared to the natural ecosystem metabolism are more severe. The historical review shows that the movement
maker of the 1970s, interest in urban metabolism almost faded in the 1980s. Then, after the re-emergence in the
1990s, the urban metabolism in the last 10 years grew by more than 30 papers have been produced in this
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connection. In connection with the urban metabolism, two main schools have been set up. The first know meta-
bolism equal to energy based on Odum’s view point. The other includes the broader approach that defines the
flow of water and nutrients in a city equal to the material’s flow.

5. Uses of Urban Metabolism (Application of Urban Metabolism)
5.1. Used as an Indicator of Stability (as an Indicator of Stability)

Urbanmetabolismconsists of series of informationrelatedtoenergyefficiency, material cycling, Waste Managem-
ent and urbaninfrastructuresystem. Generally, parameters of anurbanmetabolism are matchedwithindicators of
sustainablemetropolitanpresentedby McLaren [27] They are scientifically valid (policy on energy and materials),
representative, accountable, relevant to residents and city planners, based on data that are comparable across
time, understandable and transparent [27].

5.2. Data for Measuring Greenhouse-Gas Emissions

By urban metabolism indicators, greenhouse-gas emissions (GHG) could be measured. This application is bene-
ficial for cities aims to reduce these emissions. Carbon dioxide or methane and other gas are emitted directly
from the cities, and they are inevitable. These gases usually have a broader range and include emissions (for
example) or waste resulting from electricity generation in outside the city. What greenhouse-gas emissions
within or outside urban boundaries to happen, it needs to be measured to calculate the consumption of materials
and waste streams in urban metabolism.

In accordance with IPCC, a greenhouse-gas emission is calculated by multiplying the “level of activity” in the
“release agent” for different sectors. For instance, greenhouse-gas emission from electricity generation is equal
to multiplying the consumption level in the intensity of emissions from electricity generation at national, pro-
vincial or regional. Factors released from fuel used for heating, transport or industrial combustion is used well in
the national report greenhouse gas emissions by fuel combustion characteristics are provided (Figure 8).

5.3. Dynamic Mathematical Models for Policy Analysis

While most researchers in the urban metabolism computing framework used as the basis for other researchers to
develop mathematical models for the urban metabolism process. The mathematical model for research on a ma-
terial, metal or nutrient in urban or regional metabolism was developed. For instance, SIMBOX [28] and STAN
[29] is the significant ones. These sub-models, stocks and flows during metabolism and sometimes side by side
with economic input-output model they give.

Although the models used to determine the reserve available materials and processes, it can also be used to
predict the result of an intervention or policy changes for the future reconstruction of the city. These models are,
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in fact, to identify environmental solutions beyond just putting purifier approach at the end of the course (end of
pipe).

5.4. Urban Metabolism as a Tool for Sustainable Design

Potential use of the concept of urban metabolism, urban design theme is relatively new. Perhaps the first serious
effort to promote the study of design analysis Netzstadt book by Oswald and Baccini [30] is described. Fernan-
dez and his students at MIT School of Architecture tried to redesign New Orleans based on the perspective of
urban metabolism, moreover; civil students of the University of Toronto studied city metabolism to design in-
frastructure of a city.

In Netzstadt, Oswald and Baccini were trying to prove how they can be combined morphological and physio-

logical tool for “a long process of rebuilding towns.” They used this starting point that the center-periphery
model of urban (downtown advanced, and the other regions are least developed) is outdated, and a new urban
development is not sustainable.
Then they proposed four principles to redesign cities, including plasticity, stability, reconstruction and re-spons-
ibility. Five main factors of quality in cities include identification, diversity, flexibility and self-sufficiency de-
grees in resource that are considered in the design of urban metabolism. Four main activities of a city (nourish-
ing and recovery, cleaning, settling and working, and moving and interacting) have been studied by Baccini and
Brunner [31] based on four main urban metabolism sections (water, food (biomass), construction materials and
energy). Lots of examples have demonstrated connection between morphological and physiological viewpoints.

The urban metabolism has been used in reconstructing of New Orleans by students from the University of
Toronto. John Fernandez and his students at MIT used material flow analysis to offer more sensitive design to
ecology for the city [32].

The University of Toronto also used students faced design challenges in local scale that integrates various in-
frastructures using the concept of neighborhood’s metabolism [25] [33] [34]. Students benefited from the best
design approaches for green buildings, sustainable transport and alternative energy systems in their work. By
following the flow of water, energy, nutrients and materials in an urban system, a loop or ring could be

Favorable unit Components of urban metabolism
GWh Total power consumption
TJ for each type of Heating and industrial fuel consumption by fuel

fuel type
For example, natural gas, fuel oil, coal, LPG

includes fuels that are used to generate heat and

electricity.
Million liters for Total consumption of fuels used in transport
each type of fuel (gasoline, diesel and other) based on their sales
data

The volume of aviation fuel at the airport based on
the placement of the city used

The volume of fuel used in ships in the port (if
any)

Tonnage (quantity in tonnes) and composition of
landfilled waste (% of the food, paper, wood,
textile and industrial) of all segments and our
percentage of burial

Tonnage of waste burned (if any)

Million liters
Million liters

Tons and percent

Ton

Ton The accumulation of iron, cement and other

materials or chemical products in which the
production gas emissions

Figure 8. The components of urban metabolism that requires in greenhouse-gas emis-

sions of a city or a community.
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designed that causes fewer resources consumption and less waste.

6. Conclusions

The city as a functioning ecosystem with a cycle of natural resources and human interaction has always been
considered as the biggest centre of consumption. Urban development with the ecological approach is a tool to
control and guide the development of activities and improve the quality of the urban environment. Benefiting
ecological approaches to urban development provide opportunities to create practical systems could be used for
integration natural process, urban environment and human activities.

Eco-city uses lands in the best possible way. In this type of city, the compromise with nature is happened by
using materials based on the regression model (metabolism) rather than a linear model and also considering the
efficiency of material. Energy, work, food, recreation and housing are used based on their relations with each
other. In this city, people do shopping and go to work with limited distance from their home, and also this city
has a good system of bike paths and sidewalks. By creating such a structure and inducing a sense of belonging to
the environment in citizens’ minds, they feel more responsible and could change identification of the place.

In the past decade, significant advances happened in terms of architecture and urban design regarding green
and sustainable flows of energy and materials in scale of a building to community whether there were bigger ob-
stacles toward architects, engineers and urban designers. Research topics related to the resource development in
the countryside or in the city should be the main goal. Besides, urban designers need to engage more in fields
such as energy and material flow. Urban metabolism design is faced with challenge of sustainable cities.
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