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1. Abstract:  
The process of urban development is 

becoming more difficult because of the growing 

challenges that face the urban developers and 

negatively interfering with their success. For 

example, the shortage of resources, the 

environmental emissions that are responsible for 

environmental pollution, and the difficulty to 

deal with the effects that take place because of 

the climate change. Hence, urban planners are 

taking decisive actions to encourage the 

development of sustainable cities where they 

will be able to meet the economic, social and 

ecological challenges. Urban Planners and 

developers should evaluate the performance of a 

sustainable city. Life-cycle analysis (LCA), 

input-output analysis (IOA), carbon footprint 

(CF), ecological footprint (EF),  ), cost benefit 

analysis (CBA) and Emergy Analysis (EA) are 

six methods used by planners to conduct such 

evaluation, but each one is used individually. 

This paper aims to set calculation criteria for the 

for mentioned evaluation methods based on 

Geographic information system (GIS) as 

advanced tool to set a pilot method that could be 

applied by planners for evaluating sustainable 

city development. The result sets an integrated 

scientific framework for the six evaluation 

methods divided into three main phases 

inclusive planning phase, towards low carbon 

phase, and final decision-making phase. The 

first phase considers the following evaluation 

methods EF, EA, CBA, IOA, and LCA. The 

second phase uses the following evaluation 

methods CF, IOA, and LCA. Finally, the third 

phase integrates the following evaluation 

methods CBA, CF, EF, EA. 

Keywords: Sustainable City–Sustainable Development–Evaluation Methods–

Integration– GIS. 

2. Introduction 

Cities are one of the most consuming factors of 

resources and producing of waste, especially in 

transportation and building system (The World 

Bank, 2010). Concurrently, the process of urban 

development is becoming more difficult, 

because of the challenges that are facing the 

urban developers and planners (Dong, et al., 

2016, Vera, Mels, Keesman, Rijnaarts, & Huub, 

2011). In these conditions, it is crucial to find a 

solution for the consuming cities to make it adapt 

with the nature, environment and deal no harm, 

leading to an approach called the sustainable 

city. One of the pioneers who adopted the 

concept of sustainable cities is Richard Register 

in 1975. He drew attention to “rebuilding cities 

in balance with nature” (Register, 1987).  

The process of urban development for 

sustainable city is complex (Baynes, 2009). 

Hence, there is no certain evaluation method was 

able to fully assess the overall performance of 

one city (Dong, et al., 2016), as all the evaluation 

methods are being used individualy. Thus, the 

main aim of this paper is to provide an extensive 

literature review on the six well-known 

evaluation methods, through adopting a multi-

criteria mixed approach methodology. The 
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evaluation methods are as follows: life-cycle 

analysis (LCA), input-output analysis (IOA), 

carbon footprint (CF), ecological footprint (EF), 

cost benefit analysis (CBA) and Emergy 

Analysis (EA) (H. Dong et al., 2016).  

Both qualitative and quantitative data are used to 

propose an integrated scientific framework 

criteria based on using GIS as a tool proposed 

for planners  (Pedro, Silva, & Pinheiro, 2019) to 

measure and evaluate the overall performance of 

the sustainable city, and identify its key 

problems, to ease the complex process of 

urbandevelopment.

3. Overview of sustainable city 

Even though the concept of sustainable city 

was proposed a long time ago, it was only 

throughout the past fifteen years planners 

implemented the concept of sustainable city 

claiming that these are the sustainable city times 

(Register, 2009). A large number of macro-scale 

developments are attempting to implement the 

sustainable city concept (Z. Lin, 2018). The term 

“sustainable city” defined as an ecologically 

friendly city that allows its inhabitants to live a 

fulfilling quality of life without neglecting the 

side effects that are harmful for the environment. 

In 1970 Arcosanti; an experimental town in 

Phoenix, Arizona was going to be built in the 

United states by the Cosanti Foundation (Lian 

Koh Asanga Gunawansa Lovleen Bhullar, 

2010). It planned to be the first model of a 

sustainable city. However, the experiment took 

place while the global warming issue and 

ecological greenhouse gas emissions were not 

identified. Hence, neither the public nor the 

financial organizations supported the 

implementation of the town experiment. 

(Grierson, 2016). 

3.1. The Rise of Sustainable City Movement 

Regardless of the fact that cities are 

certainly humanity’s greatest inventions (Stoltz, 

Shafqat, Arias, & Lundqvist, 2014). The impact 

of the design, construction and operation of 

cities is devastating for the environment 

(Newman, 2006). The definition of cities is not 

limited to houses that people use to live in, they 

undoubtedly play a major role in the rapid 

increase of the global urbanization, and a study 

showed that urban areas are housing nearly more 

than 50% of the global population with a rate of 

growth reaching 1.85% every year (Bocquier, 

2005). 

As a result, cities are devastating for the 

global energy system and they will have a great 

impact on the future global energy system 

(Stoltz et al., 2014). For the response of the 

impact of cities in the global energy system, 

planners started to find the best method to use to 

evaluate the development of sustainable cities 

(Pedro et al., 2019). There are three main terms 

that are essential to establish a sustainable urban 

development: the synchronized pursuit of 

economic wealth, environmental quality and 

social justice (Purvis, Mao, & Robinson, 2018). 

Researches suppose that justice should not be 

limited to one generation, as it is believed to be 

the heart of sustainability, it should also consider 

the environmental, economic and social equity 

between future generations (L. Liu, 2018). 

Sustainability will not be achieved unless justice 

is (L. Liu, 2018). 

Since the development of sustainable city 

concept has been carried out by sir Register in 

his book “building cities with balance with 

nature” (R Register, 2002), there has been a 

constant improvement by the urban planners. 

John Blewitt in his book “Understanding 

Sustainable Development” Claims that 

sustainable city development is “a whole 

systems approach integrating ecologically 

efficient industry, administration, aspirations, 

people’s needs, landscapes and harmonious 

culture,  where agriculture, nature and the built 

environment are functionally integrated.” 

(Blewitt, 2008). Nevertheless, the definition of 

sustainable city development and its evaluation 

methods is controversial since there is still no 

certain definition of what a sustainable city is? 

and how to evaluate the performance of it? 

(Datta, 2012; Joss, Cowley, & Tomozeiu, 2013).  

Moreover, there are a lot of conflicts and 

confronts that are attempting to achieve the 

https://www.google.com.eg/search?tbo=p&tbm=bks&q=inauthor:%22John+Blewitt%22


 

70 

 

urban sustainability under the mantle of 

sustainable city construction in China (Pow & 

Neo, 2013). According to Liu the definition of 

sustainable city identifies the sustainable cities 

as “urban areas that have purposely studied and 

applied a plan that seeks to enhance the city’s 

environmental development while taking into 

consideration social and economic 

developments.” (L. Liu, 2018).

4. A comprehensive review on evaluation methods 

There is still no precise definition or 

explanations of what a sustainable city is, or how 

to evaluate and tell if a sustainable city is 

working well (de Jong, Wang, & Yu, 2013). The 

research will illustrate the strengths, weaknesses 

and key problems for each evaluation method 

(IOA), (LCA), (EF), (CF), (EA) and (CBA).  

4.1. Input–output analysis (IOA) method 

This method was first proposed by 

Leontief in the 1930s, it is a top-down economic 

technique done by using the sectoral monetary 

transaction data to measure the relationship 

between different economic divisions (Leontief, 

1970, pp. 262–271). The (IOA) also helps in 

studying environmental problems by providing 

appealing features that could also be used for the 

assessment of different incarnated capital, such 

as incarnated energy (Baral & Bakshi, 2010), 

incarnated/virtual water (H. Dong, Geng, et al., 

2014) and incarnated carbon releases (L. Dong 

et al., 2013; Jiang, Cai, Wan, & Wang, 2015). 

First, a full regional and inter-regional supply 

chain description is provided by the (IOA) 

method, considering preventing the error of 

truncation that is normally found while using the 

bottom-up approaches (Feng, Chapagain, Suh, 

Pfister, & Klaus, 2011). Second, the 

environmental problems designated by the 

(IOA) method and it comes to a final 

consumption instead of the intermediate 

consumption, making it possible to evaluate 

direct as well as indirect effects from the 

perspective of consumption. Nevertheless, this 

method further applied at macrolevels, such as 

regional or national levels, rather than 

microlevels, such as individual products or 

industrial parks, because of the shortage of 

Input-output tables. 

(IOA) method was commonly used for 

carbon footprint, ecological footprint, emergy 

and water footprint. For example, there was a 

regional water shortage problem in Beijing, and 

to alleviate the effects of this problem a water 

footprint study was done by the (IOA) 

method.(Feng et al., 2011; Z. Wang, Huang, 

Yang, & Yu, 2013). The use of the (IOA) 

method recommended Coordinating 

interregional trade closely to help enhance the 

regional water resource consumption. Related 

studies were accomplished in other territories 

that suffered from water shortage, such as 

Liaoning a Chinese State (H. Dong et al., 2012). 

In 2009 Tonooka and Kanemoto Applied a 

multi-regional input-output model (MRIO) to 

measure the Carbon dioxide releases incarnated 

in the international trade in Japan and concluded 

that releases incarnated in imports to japan 

expanded substantially (Kulionis, 2014). 

Likewise, in 2004 Jackson and Druckman 

examined the carbon footprint of UK houses 

employing a virtual MRIO model and noticed 

that more than one fourth of Carbon dioxide 

releases in a standard UK house were because of 

recreation and leisure areas (Druckman & 

Jackson, 2009). Similarly, Giljum and Hubacek 

also used (IOA) for ecological footprint study 

and determined indirect and direct land 

constraints to produce exports from the fifteen 

countries of the European Union to the rest of the 

world (Klaus & Giljum, 2003).  

4.2. Lifecycle analysis (LCA) method 

This evaluation method is used to carefully 

and fully evaluate the effect of product choices 
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on the natural environment, from the raw 

materials generation process to the wastes 

disposal process, and accordingly making it 

possible to decide the most appropriate and 

least-damaging choice of materials (EEA, 2002; 

Francis, 2003). The (LCA) was first proposed 

between the late 1960s and early 1970s 

(Bengtsson, 2011). The first quantitative LCA 

study was first done for the Coca-Cola company 

in 1969, it was done by collecting statistical 

information about the requirements for 

resources, loads of emissions, and flows of waste 

of different Coca-Cola bottles. 

From then on, LCA has been commonly 

used to assess the impact of dealing and 

discarding of wastes on environment, such as 

food recycle.(Cellura, Ardente, & Longo, 2012), 

waste paper recycle (Liang, Zhang, & Xu, 2012; 

L. Wang, Templer, & Murphy, 2012), waste 

glass recycles (Blengini et al., 2012), Waste-to-

Energy approach (Tunesi, 2010; Vázquez-

Rowe, Marvuglia, Rege, & Benetto, 2014) and 

PET bottle recycle (Song & Hyun, 1999). LCA 

has also been implemented in researches on 

supply reprocessing procedure and sustainable 

cities. For example, a study was done on 

agrochemical complex contained thirteen 

petrochemical and chemical productions in the 

Mississippi, USA by performing an input to 

output life cycle evaluation analysis (LCA) they 

found that LCA is an exceptionally valuable 

implement for the analysis and comparisons of 

diverse proposals of manufacturing ecosystems 

(Singh, Lou, Yaws, Hopper, & Pike, 2007).  

Chen, Xi, Geng and Fujita applied and 

modified the LCA evaluation method on their 

attempt to evaluate the potential ecological 

gains, comprising the decrease of GHG 

emissions and conserving fossil fuels by using a 

variety of plastics recycling technologies 

established by Japanese developers in Shenyang, 

China. (Chen, Xi, Geng, & Fujita, 2011). Hence, 

the LCA evaluation method is unlike the IOA 

method, it is mainly applied at smaller scales 

such as a product or a procedure in which the 

availability of data is present. 
 
 

4.3. Ecological footprint (EF) analysis 

Rees and Wackernagel first established 

the concept of (EF) in the 1990s, in their attempt 

to estimate the organically fertile land and water 

that is required for a certain amount of people to 

achieve the equilibrium state of the consumption 

and production process. As well as taking in a 

small amount of the waste produced by fossil 

and the consumption of nuclear fuel (Bazan, 

1997; Rees, 1992; Wackernagel et al., 2002). 

Ecological footprint analysis mainly divides the 

city sectors to six bio productive areas: use of 

fertile land, use of forest lands, use of 

pastureland, use of productive sea space, use of 

built-up land, and use of forest land (Hoekstra, 

2007). 

Ecological footprint analysis is commonly 

used for assessing the environmental 

sustainability by comparing it to the population 

size, which is characterized as “the ability of an 

ecosystem to produce useful biological materials 

and absorb carbon dioxide emissions.” (Geng et 

al., 2014). If Ecological footprint is larger than 

ecological carrying ability, it means that 

individual actions have exceeded the nature’s 

maximum capability which the environment 

could manage, showing a sign of unsustainable 

development environment. 

Ecological footprint evaluation method is a 

budget efficient tool and can be employed to 

various scales, especially for states and towns. 

For example, a study showed that London’s 

ecological footprint in 1995 was 125 times larger 

than the size of the city itself. This shows that 

London to properly work, it needed an area 

nearly of the size of UK’s largest viable land 

area, to be able to give all the resources the city 

utilizes and to get rid of its contaminants and 

wastes (Wackernagel, Kitzes, Moran, 

Goldfinger, & Thomas, 2006). In addition, in 

2014 a study was done that made a comparison 

between the ecological footprints of a city in a 

country under the developing process and a city 

in a settled and already established country. This 

study showed quick ecological footprint 

expansions in cities in countries under the 

developing process, and unlikely the ecological 

footprint of the cities in established countries 
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was comparatively stable. These findings show 

that more cooperation and support between 

cities at different stage of development is 

needed. And it can be provided by capacity 

building efforts and technology transfer (Geng et 

al., 2014). 

4.4. Carbon footprint (CF) analysis 

 CF originates from the idea of ecological 

footprint, its popularity set off since 2007 with 

the aim of responding to universal warming. It is 

basically “the amount of Co2 equivalent 

emissions caused directly and indirectly by an 

activity.” (Wiedmann & Minx, 2008). Carbon 

footprint studies were performed at several 

ranges, such as countries, towns, homes, 

companies, manufacture processes and goods 

(H. Dong et al., 2016). It can be broken down 

into three categories, first, IPCC which is known 

as the Intergovernmental Panel on Climate 

Change method, input-output analysis (IOA) 

method and lifecycle analysis method (LCA). 

The use of LCA method is focusing on smaller 

scales such as corporations and manufactured 

goods, while IOA and IPCC methods are 

focusing on assessing provincial and town scale 

carbon footprints (H. Dong et al., 2016). 

Several researches on territorial and town 

levels have been done. For instance, greenhouse 

gas secretions linked to the ultimate 

consumption of products, Hertwich, and peters 

measured facilities for 73 states and 14 world 

districts. In addition with the use of multi-

regional input-output (MRIO) model, they were 

able to recognize that national average for each 

individual footprints differ from 1 tCO2e/year in 

African countries while being 30 t/year in the 

United States and Luxembourg (Hertwich & 

Peters, 2009). A comparison of carbon footprints 

in 12 urban areas was proposed by Sovacool and 

Brown in 2010 (Sovacool & Brown, 2010). In 

2011 a study on the carbon footprint was done in 

Shenyang, China by using the IPCC method (Xi 

et al., 2011). In 2013, Lin studied the carbon 

footprint in Xiamen, China employing a hybrid 

method included the integration of both EIOA 

method and IPCC method (Jianyi, Liu, Meng, 

Cui, & Xu, 2015). 

4.5. Emergy analysis method (EA) 

This method was initially offered by Odum 

in the late 1980s, it is basically “the total 

available energy of one kind previously required 

directly and indirectly through input pathways 

to make a product or service.” (Odum, 1988, 

1995). “The quantity of previous work 

undertaken by natural processes to regenerate or 

produce it” is signified as the emergy value of a 

resource (Odum, 2000; Tilley & Swank, 2003). 

Consequently, emergy has the benefit of being 

able to designate principles to investments and 

nature’s environmental efforts, for example: 

deep geothermal heat, solar and gravity, to make 

and assist flows, supplies, and services and to 

make a contribution for the financial scheme 

(Geng, Sarkis, Ulgiati, & Zhang, 2013). Emergy 

helps in offering an integrated quantitative 

process for enumerating the comparative amount 

of energy flows and raw material in the financial 

system and in the ecosystem (Campbell, Lu, & 

Lin, 2014) because it converts all sorts of results 

if it was man-made or natural goods to solar-

comparable Joules.  

Decision makers and planners should raise 

the correct urban development policies by using 

the useful perceptions offered by Emergy 

analysis (Li & Wang, 2009). hence, many 

researches have been accomplished, such as 

sustainable level evaluation (Lei & Wang, 

2008), urban metabolism (Huang & Chen, 2005; 

Huang, Lee, & Chen, 2006; Sun et al., 2015; 

Zhang, Yang, Liu, & Yu, 2011), urban land use 

(Huang, Lai, & Lee, 2001) and urban ecosystem 

health assessment (G. Y. Liu et al., 2009; 

Vassallo, Paoli, Bazzurro, Masciulli, & Fabiano, 

2006). Furthermore, for planners to quantify 

different environment performance, the unique 

emergy assessment signs can be utilized. For 

example, emergy rate of return can signify the 

utilization of local resources from human 

activities, and emergy rate of loadings can 

calculate the pressure of individual actions on 

local environment resultant from the 

overabundant mistreatment of investment or 

nonrenewable resources from outside (Geng, 

Zhang, Ulgiati, & Sarkis, 2010). Emergy 
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sustainability index helps signify the feasibility 
level of the district or town. 

4.6. Cost benefit analysis (CBA) 

Conventional Cost-Benefit Analysis (CBA) 

is “a systematic process used to calculate and 

compare benefits and costs of a project, decision 

or government policy.” (Melichar, Šcasn\`y, 

Hunt, & Navrud, 2009; D. Pearce, Atkinson, & 

Mourato, 2006). Regarding the environmental 

and sustainable development concerns, this 

method measures  the damages on individuals 

healthiness and environment resulting from 

financial events and try to reduce them by 

finding the most efficient ways, along with 

comparing the cost of ecological impairment to 

the cost of alleviation (Bachmann & Kamp, 

2014; Hanley, 2013). Particularly, the 

externality of the environment (Bickel, 

Friedrich, & others, 2004), and social welfare 

(D. W. Pearce et al., 1996) are taken into account 

in the cost–benefit estimation.  

Numerous CBA techniques have been 

utilized to monetize the externality of the 

environment, for example External A (Bickel et 

al., 2004) ready to afford the payment, and 

estimate the cost of the life cycle. In order to 

lower the externality of the environment, 

systematical methods such as circular economy 

have been suggested by ecological economists 

(D. W. Pearce & Turner, 1990) and extensively 

employed in Japan, Germany and China (Geng, 

Zhu, Doberstein, & Fujita, 2008; OECD, 2009). 

Nevertheless, as the mainstay of CBA is to 

monetization, hence, it is limited to quantifying 

some ecological value, ecosystem value and 

social gain. (Kolosz & Grant-Muller, 2015; 

Massiani, 2015; Söderqvist et al., 2015) 

               5. Using Geographic Information System to set a pilot method 

Planners are facing so many challenges to 

improve the evaluation of  sustainable 

development of new cities (Datta, 2012; Joss et 

al., 2013). Hence, this evaluation requires to be 

carried out using new techniques of urban 

planning tools to overcome the difficulty of 

measuring and assessing the development of 

new cities (Pedro et al., 2019). Geographic 

Information System (GIS) could be used as a 

multi-criteria decision support tool (MCDS) (El-

Sayed, Mahmoud, & El-Barmelgy, 2015). This 

will accordingly help with the integration of the 

evaluation methods for a final appropriate 

planning decision. To avoid using each 

evaluation method individually in the 

assessment, the method is based on (GIS) as a 

tool to achieve the precise integrated evaluation 

of sustainable urban development. 

 

                                                     6. Research Method 

The research sets a pilot method using GIS 

to calculate the implications of six evaluation 

methods. These methods are as follows, (IOA), 

(LCA), (EF), Emergy Analysis, (CF), and 

(CBA).  

6.1. IOA and LCA methods 

Since IOA and LCA are considered as 

tool for data collection, accordingly all the 

collected data should be converted into the 

suitable format to be populated in the GIS in 

the form of feature class grouped into different 

feature datasets. After populating the data in 

GIS, it is now considered as geospatial data that 

can be either raster or vector. 

Both IOA and LCA used qualitative and 

quantitative data that are essential in decision 

making and spatial modeling. Using GIS will 

set a rational and precise database that can be 

used and updated. 

6.2. Ecological Footprint: 

The calculations of the ecological footprint 

are divided into two parts. First, calculating the 

biocapacity of the city bio productive areas and 

then, comparing it to the actual ecological 

footprint. This applied through converting their 

units from unweighted hectares to standardized 

global hectares using the yield and equivalence 

factors.  
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First, calculations of the Biocapacity of the 

city will be conducted through using GIS Model 

Builder. The Model Builder is considered as 

programming language used for geoprocessing 

workflows to document the both data 

calculations factors and spatial analysis data. 

Achieving a GIS Model Builder is applied firstly 

by using dataset, maps, equivalence factors and 

yield factors. Then adding each feature class in 

its designed workspace. Followed by visualizing 

the applied calculations in a sequenced diagram. 

Finally running the model builder using Python 

scripting language. The calculations will be 

applied on six bio productive city sectors as 

follows; Croplands, Forest Lands, Fisheries 

areas, Pasture Lands, Built up areas, 

Sequestration areas or energy biomass 

accumulation areas. The equations used for 

calculation are shown in the following figure. 
The following table shows the equivalence 

and yield factors of different city bio Productive 

areas:
 

Table 2 Peruvian Yield Factors (2001), (Wackernagel et al., 2005) 

Bio productive Area Equivalence Factor [gha/ha] Yield Factor [-] 

Croplands 2.19 0.98 

Forest Lands 1.37 0.82 

Pasture Lands 0.48 1.81 

Built-up area 2.19 0.98 

Inland Water 0.36 2.96 

Marine 0.36 3.39 

  

Second, the calculation of the ecological 

footprint, the calculations are done using the 

footprint calculator which developed by Global 

Footprint Network that allows to calculate the 

footprint for each capita. The results are 

multiplied by the number of people living in the 

city to attain the total ecological footprint of the 

city, it also shows how many earths are going to 

be needed if everyone on earth had similar 

footprint of the calculated ones. 

https://www.footprintcalculator.org/ 

6.3. Cost Benefit Analysis 

CBA on the Macro-Scale is required to be 

performed on a combination of projects to have 

a total cost-benefit analysis of a unified program. 

This could be carried out by employing the “with 

and without” tactic to each project, or to a group 

of projects using two sequenced techniques in 

GIS. The first technique is the Model Builder 

techniques to calculate the cost, then followed 

by Create New Report technique to perform 

comparison reports. These criteria compare 

between the data extracted from the Model 

builder which represent the cost and the data that 

populated in the report structure and represent 

the benefit. 

CBA on the micro scale is to identify if the 

project revenue more than the projected cost. 

The formula of calculating the cost feasibility 

will be the Net Present Value, as it considers the 

discounting variables for more accurate ratio 

(Leonard, 2018). 

NPV = Value/ (1+r) ^t 

NPV is the net present value that will be 

used in the cost benefit ratio equation. Value is 

the benefits of the project, (r) is the discount 

rate, (t): is the time frame of the project. If the 

NPV > 0, then the project is worth the money 

invested, and if the NPV < 0, then the project is 

losing money. This equation will be applied by 

using the GIS Model Builder. 

6.4. Carbon Footprint 

The city is divided into different sectors 

that are responsible for Co2 emission; these 

sectors are as follows; ground-based 

transportation, different building uses along the 

city, industrial zones, and rest of city land uses. 

The GIS Model Builder will be used to apply the 

https://www.footprintcalculator.org/
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equation of calculating the carbon footprint of 

each sector as follows:  

6.4.1. Ground-based transportation 
The ground-based transportation 

emissions are divided according to the vehicles 

type and size as follows: petrol and diesel cars, 

regular taxi Cairo cap, petrol and diesel vans, 

local buses and coaches, motorcycles and 

railways (El-Sayed et al., 2015). To calculate 

Co2 emitted from petrol or diesel cars, or vans, 

or motorcycles: CO2 emission = G.CO2 per Km 

* Length of Street in Km * Number of (petrol or 

diesel cars, or vans, or motorcycles). To 

calculate Co2 emitted from taxis, buses or 

railway: CO2 emission = G.CO2 per passenger 

km * Length of Street in Km * Average 

passenger occupancy * Number of (taxis, or 

trips, or buses). 

6.4.2. Different building uses along the 

city 
It is required to calculate the CO2 

emission according to the area and different 

uses of the Buildings such as (residential, 

administrative, hospitals, commercial, cultural, 

education and entertainment). 

 

6.4.3. Industrial Zones along the city 

It is essential to calculate the CO2 

emission according to the type of industry 

employed by the factory such as (agriculture and 

livestock products, food processing, beverages 

and tobacco, Wood products, building materials, 

chemicals, metals, manufacturing and repairing 

and maintenance centers), and number of 

factories, putting into consideration that the 

factories size and production are average 

 

6.4.4. Land Uses Along the City 

It is required to calculate the CO2 

emission of the different land uses along the city 

such as (oxidation lakes, agriculture lands, 

forests, crusher and public dumps). 

 

                                                   7. Discussion and results 
There was no certain application of a former 

integration in previous studies. Previous 

proposal of an integration of five different 

evaluation methods on the macro scale was 

recommended, but it needed more research and 

required more potential application in new city 

projects. Also, there was an integration on the 

multi scale that aims to achieve a low carbon city 

using a hybrid method (H. Dong et al., 2016). 

Although it has been operated for quite a few 

studies for low carbon cities (H. Dong, Ohnishi, 

et al., 2014; L. Dong et al., 2013; Jianyi et al., 

2015; J. Lin, Liu, Meng, Cui, & Xu, 2013), but 

it still require to be more endorsed. Finally (H. 

Dong et al., 2016) proposed an integration of 

decision and environmental type methods on the 

micro scale that aims to help the decision makers 

to evaluate the economic feasibility of the 

development of the city by promoting the cost as 

a pivotal factor in the decision-making process. 

This type of integration has not been used or 

advertised. Therefore, it is necessary to 

introduce more advanced integration attempts 

that consider the economic cost feasibility of the 

environmental policies to encourage the 

transition towards sustainable city development. 

The contribution of this study suggests a 

new technique to be used in the implication of 

the previously mentioned integrations, by setting 

a pilot method for the assessment using the GIS 

as a tool for calculating and applying the 

integration. The result conforms to a relevant 

study by (El-Sayed et al., 2015) that made an 

assessment of the carbon footprint of 10th of 

Ramadhan city using the GIS model builder to 

apply the calculation formula. 

 

                                                         8. Conclusion 
The six evaluation methods could be 

integrated as shown in (figure 3.1) on three 

different phases. The first phase involves the use 

of five different evaluation methods (IOA, LCA, 

EA, EF, CBA) on the macro scale and is called 

the inclusive planning phase it involves 
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proposing recommendations on enhancing 

regional bio-capacity and sustainability by 

combining the Ecological Footprint and Emergy 

analysis methods, while using the CBA method 

to clarify the economic viability by considering 

the economic cost. Furthermore, to make the 

assessment more precise and rational, the use of 

LCA and IOA methods is required to provide 

technological and information support. This 

integration can systematically manage the new 

city planning process. The second phase 

(Evaluating Carbon Footprint from a life cycle 

point of view) includes proposing an integration 

of environmental and economic type methods 

(CF, IOA, LCA). The proper low-carbon 

strategies are mainly raised and provided by CF 

method. Nevertheless, it is essential to combine 

the use of LCA and IOA methods with the CF 

method, to be able to have organized assessment 

from a life cycle point of view, and to avoid the 

emissions transfer problems by tracing the 

boundaries of the supply chain. Finally, the third 

phase (Cost as a decisive factor) compromises 

four evaluation methods (CBA, CF, EF, EA) to 

evaluate the economic feasibility of the city 

development, by promoting the cost as a key 

factor in the decision-making process. 

Incidentally, it is required to integrate the CF, EF 

and emergy analysis with CBA to quantify the 

consequent ecological benefits.  GIS is used as a 

tool to set a pilot technique that can be used by 

urban planners to apply the integration and ease 

the process of evaluation. 

Emergy analysis was excluded from the calculations due to the limitations of data. 

 
Fig 1: Integration of Six evaluation methods on three levels, (researcher,2019) 

9. Recommendations 

In response to Egypt’s new vision of 

planning sustainable cities, it is recommended to 

use the above-mentioned integration as a tool to 

help planners fully identify the key problems of 

the city and easily evaluate its performance. 

It is recommended to test the concluded 

pilot technique using one of the Egyptian new 

cities as a model. It is also advised that the 

chosen city belongs to the first or second 

generation of the Egyptian new cities.
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                                                   Appendix A 
Table 1: Petrol and Diesel Car Emission, (El-Sayed et al., 2015). 

Vehicle Type Engine Size Size Label G.CO2 per Km Liter per Km 

Petrol Car <1.41 Small 180.9 12.8 

1.4 – 2.01 Medium 213.9 10.8 

> 2.1 Large 295.8 7.8 

Average   207.0 11.2 

Diesel Car < 1.71 Small 151.3 17.4 

1.7 -2.01 Medium 188.1 14.0 

> 2.01 Large 258.0 10.2 

Average   197.9 13.3 

Table 2: Taxi and Cairo Cap Emission, (El-Sayed et al., 2015). 

 

 

 

 Average Passenger 

Occupancy 

G.CO2 Per Passenger Km 

Taxi 1.4 161.3 

Cairo Cap 1.5 175.7 

Average 1.45 168.5 
Table 3: Vans Emission, (El-Sayed et al., 2015) 

 

 

 

Van Fuel Van size G.CO2 per Km 
Petrol Up to 1.25 tone 224.4 
Diesel Up to 3.5 tone 271.8 

Average  266.1 

Table 4: Buses Emission, (El-Sayed et al., 2015) 
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Bus Type Average Passenger Occupancy G.CO2 per passenger Km 

Local Bus 8.9 115.8 

City bus 13.5 81.8 

Average bus 9.7 107.3 
Table 5: Motorcycle Emission, (El-Sayed et al., 2015) 

 

 

Vehicle Type Engine Size Size Label  G.CO2 per Km Liter per Km 
Petrol Motorcycle Up to 125 cc Small 72.9 31.6 

125 to 500 cc Medium 93.9 24.5 
Over 500 cc Large 128.6 17.9 

 Average  105.9 21.9 

Table 6:  Railway Emission, (El-Sayed et al., 2015) 

 G.CO2 per Passenger Km Average Passenger Occupancy 

Railways  40.2 90 
Table 7: CO2 emissions associated with the use of different types of buildings, (El-Sayed et al., 2015) 

 

 

Building Type G CO2/m2 
Mixed Residential Above Average 30 

Average 24 
Economic 20 

Administrative 67 
Hospital 88 

Commercial 164 
Cultural 35 

Education 13 
Entertainment 80 

Religious 56 
Utilities 125 

Table 8: CO2 emission per factory, (El-Sayed et al., 2015) 

 

 

Type of Industry CO2 emitted per Factory Ton per 

Year 
Number of Factories 

Agriculture and livestock products 310.7 - 
Food Processing, beverages and 

tobacco 
303.4 - 

Textiles, garments and leather 277.7 - 
Wood and wooden products 987.6 - 

Paper, printing and publishing 949.9 - 
Chemicals 5977.8 - 

Building materials 2176.5 - 
Metals 10578.2 - 

Engineering, electrical and 

electronics 
789.5 - 

Manufacturing 1767.6 - 
Repair and maintenance centers 473.8 - 
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Table 9: CO2 emission for different land uses, (Source: Chang, T.C., 2000. Determination of greenhouse gases 

by open-path gas-type FTIR spectroscopy. Food Sci. Agric. Chem.) 

 

 

Land Use Co2 Emission 

Oxidation Lakes 1300 mg/ m2 * H 

Agriculture Land 11.2 Kg/ m2 

Forests 52 gm/ m2 

Crusher 0.5 ton 

Public Dumps 220/ m2 * H 
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نحو إطار شامل لتقييم التنمية المستدامة في المدن المصرية الجديدة باستخدام نظم  

 المعلومات الجغرافية كأداة

 
 الملخص:

أصبحت عملية التنمية الحضرية أكثر صعوبة بسبب التحديات المتزايدة التي تواجه المطورين الحضريين والتدخل  
سلبًا في نجاحهم. على سبيل المثال ، نقص الموارد ، والانبعاثات البيئية المسؤولة عن التلوث البيئي ، وصعوبة التعامل مع  

، يتخذ المخططون الحضريون إجراءات حاسمة لتشجيع تنمية المدن المستدامة    الآثار التي تحدث بسبب تغير المناخ. ومن ثم
حيث سيتمكنون من مواجهة التحديات الاقتصادية والاجتماعية والبيئية. يجب على المخططين والمطورين الحضريين تقييم أداء  

، البصمة   (CF) ، البصمة الكربونية (IOA) ، تحليل المدخلات والمخرجات (LCA) المدينة المستدامة. تحليل دورة الحياة
هي ست طرق يستخدمها المخططون لإجراء مثل هذا   (EA) الإيمرجي وتحليل (CBA) ، تحليل فوائد التكلفة (EF) البيئية

التقييم ، ولكن يتم استخدام كل واحد على حدة. تهدف هذه الورقة إلى وضع معايير حساب لأساليب التقييم المذكورة بناءً على  
كأداة متقدمة لوضع طريقة تجريبية يمكن تطبيقها من قبل المخططين لتقييم التنمية المستدامة   (GIS) نظام المعلومات الجغرافية

للمدينة. تحدد النتيجة إطارًا علميًا متكاملًا لطرق التقييم الستة مقسمة إلى ثلاث مراحل رئيسية هي مرحلة التخطيط الشامل ،  
 و CBA و EA و EF ون ، ومرحلة اتخاذ القرار النهائية. تتناول المرحلة الأولى طرق التقييم التاليةالكربتقليل نحو مرحلة  

IOA و LCA.    تستخدم المرحلة الثانية طرق التقييم التالية بينما CF و IOA و LCA.   وأخيرًا ، تدمج المرحلة الثالثة
 .EA و EF و CF و CBA طرق التقييم التالية

 


