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GRAPHICAL  ABSTRACT 

 

 

Highlight 

 Energy consumption  is 16% higher in urban than suburban neighbourhood. 

 Eutrophication concentration is higher in the suburban area than urban. 

 Demolition phase represents the 2.4% of total environmental impacts. 
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Abstract 

The aim of this research is to determine the most important source of environmental 

change at the two old neighbourhood. The study of multiple scenarios allows us to determine 

their Life Cycle Assessment (LCA) impacts and identify the key variables. The impact of 

storm water management, density, mobility, management of unoccupied space, and the use of 

renewable energies on the environmental balance sheet of two old neighbourhoods located in 

Urban and Suburban zones was quantified. The environmental data comes from several 

interviews with occupants, ECOINVENT database, developed by different research institutes 

based in Switzerland, and the U.S. Department of Energy's Office of Energy Efficiency and 

Renewable Energy which provides weather data for more than 2,100 locations throughout the 

world. Three different software programs were used for studying the different environmental 

impacts. The results showed that the length of daily trips made by the residents, the presence 

of public transportation and bike path has no significant influence on the environment in the 

two old neighbourhoods. The variation of photochemical ozone is important in both 

neighbourhoods. However, the presence of water  retention and distribution systems reduces 

up to 10% the environmental impacts and in particular eutrophication, waste production, 

acidification and damage to health. 

 

Keywords: Life-cycle assessment, old neighbourhoods, Belgium, study. 

 

1. Introduction 

During this decade, the magnitude of the energy and environmental crisis necessitated a 

radical change in the human race in terms of the ecological footprint [1]. The concept of 

sustainable development is not only focused on the protection of the environment, but also 

geared towards of satisfying basic social needs.The concept of sustainable design or 

sustainable architecture is a subsidiary of sustainable development which focuses on 

economic, environmental and socio-cultural factors. The notion of sustainability requires 

ensuring our current needs while ensuring that our decisions and actions do not hinder the 

opportunities of future generations. Sustainable design issues are made up of a broader area 

encompassing human, technical, scientific, financial and political potential [2].At the 

beginning of the twenty-first century, a leap is made in the international awareness of 

environmental problems. 
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The report(2007) of the United Nations Intergovernmental Panel on Climate Change (IPCC) 

is important to this [3]. They claim that humans are 90% responsible for the worsening of the 

greenhouse gas (GHG) effect and this could lead to a rise in water levels of more than 40 

cm[4- 5]. They point to the economic, environmental and social risks that global warming 

could create [6].Nowadays, with the strong pressure of climate change, professionals and 

architects are constantly worrying about the sustainability of buildings. Studies based on the 

bioclimatic approach have adopted passive strategies to reduce energy consumption while 

increasing the energy performance of the building.New building design methods take into 

account the external environment. Indeed, the energy performance of the building takes into 

account only energy in use phase of the building. In 2006, the United Nations Environment 

Program stipulated that the building sector is key to instilling the concept of sustainable 

development. This sector consumed an average of 40% of total energy and produced 30% of 

solid waste [7]. 

LCA allows measuring the environmental impacts of a product (object, building, 

neighbourhood, etc.) from the extraction of raw materials to the disposal of waste, in other 

words, from "birth" to "death" of the product [8-9].Indeed, LCA is the tool most used to 

assess environmental problems arising from the construction, use, demolition and recycling of 

productsbased on [10]. By associating LCA in the different stages of building design, it is 

easier for designers and architects to examine the Life Cycle Assessment, and select the 

components that reduce the negative environmental impacts of the buildings during their life 

span based on [11].The LCA was standardized in the ISO 14040[10] and ISO 14044[11] 

standards. This study takes into account different categories of environmental impacts such as 

fossil depletion, global warming, and human toxicity.LCA study enables sustainable decisions 

to be made to preserve the environment, such as establishing a balance sheet of energy inputs, 

selecting the most sustainable materials, identifying the environmental constraints and 

analysing the results in order to make more mature and accurate decisions [11]. Commonly, 

there are two main types of LCA [10].The LCAs by allocation which determines the impacts 

arising from the production and use of a product at a specific time [11]. The other type is the 

consecutive LCAs which identify the environmental consequences of a proposed decision or 

change in a system under review (future-oriented), showing that the consequences of 

economic and market decisions should be taken into consideration [10].  

The other aspect of the LCA is the social impact which is designed and investigated 

in[12].Several studies have used LCA to investigate the impacts of the buildings on the 

environment which the results varied according to the function unit.Stephanet al. [13] 
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analysed the life cycle energy use in a passive building in Belgium. They showed that the 

implementation of thermal insulation on the roofs and walls, allows to improve the house 

energy efficiency. Cabeza et al. [14] showed the application of LCA and LCE (life cycle 

energy), investigate the environmental effects of traditional buildings. They found that, it is 

often difficult to compare the LCA studies because of the hypothesis which varied of a study 

to another. Some other studies focused on impacts of building construction materials. 

Kellenberger and Althaus[15] showed that wooden constructions have a weak impact on the 

environment. Bribiánet al. [16] showed that the impact of material can be significantly 

reduced by applying the new methods of eco-innovation. Vilches et al. [17] explained that in 

several researches regarding LCA, the energy demand and greenhouse gas are two elements 

always studied. Ramesh et al. [18] found that a redundant use of passive characteristics in a 

habitat cannot be profitable, after analysing office and residential buildings from 73 cases 

applied in 13 countries. In 2001, Peuportier[19] explained that in buildings, the living area is 

regularly defined as functional unit which allows comparing several projects. 

In a recent study carried out in a conventional and sustainable neighbourhoods, Nematchoua 

et al.[20] found that the CO2 emissions were up to 36.6% higher in an old neighbourhood than 

a sustainable one; while the energy demand was estimated at 62.6% and 37.4% in an old and a 

sustainable one, respectively. 

Szalay[21] and García-Casals [22] stated in their studies that the energy requirements of 

buildings should normally be taken into account in the planning of environmental 

management. Other studies were shown in [23-25].Currently, a new vision of researchers and 

specialists is to extend the application of LCA, to larger systems, at the occurrence of, urban 

islets or neighbourhoods. In the neighbourhoods, some studies have already been conducted 

nevertheless, the studies of such magnitude are regularly encouraged. 

Loiseau et al. [26] showed that LCA provides an appropriate framework and is the only way 

to avoid transferring environmental loads from one phase of the life cycle to another. 

Anderson et al. [27] showed that LCA is the dominant method for studying environmental 

impact at the urban scale. Olivier-Solà et al. [28] showed that it is highly likely that the 

environmental and energy issues we are currently dealing with at the building level will soon 

be transferred to the urban scale. In a study carried in 10 buildings, Nematchoua et al. 

[29]found that the use phase of building consumes significant amount of life cycle energy 

(from 81.0 to 94.3%), but also, the largest contribution to the life cycle greenhouse gas 

(between 75.6% and 91.3%).The poor definition of current cities limits the implementation of 
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sustainable norms [30]. It was found that each of these tools allowed to have at least one 

important environmental impact found during the LCA. 

A simpler method for estimating solar and heating energy demand in buildings during the 

neighbourhood planning phase was proposed by Trigaux et al. [31].The high-density 

neighbourhoods have lower energy demand, with potential reductions of up to 40% compared 

to low-density neighbourhoods. In Belgium, all neighbourhoods have different characteristics 

and are independent of each other. Studies on life cycle analysis were regularly conducted in 

building scale, but, least at the neighbourhood scale [32]. Therefore, it is required to 

investigate the LCA environmental impacts of old neighbourhood and understand their 

environmental impacts. 

The main objective of this research is to show how to apply LCA on a neighbourhood scale 

and how to conduct our approach in the case of two neighbourhoods of different 

characteristics. 

This research explores a method for analysing the life cycle at the scale of a neighbourhood 

and compares the obtained results with those of other existing research. In addition, this 

research allows to observe the difference of an impact due to the localization of a district on 

the environment. Two sub-studies made it possible to observe the potential of water retention 

systems in these projects and the consequences of the daily journeys of the population. We 

considered several environmental indicators to identify the most important parameters that 

have the greatest impact on the environmental quality of a neighbourhood. 

2.Methodology 

This study is divided into four main parts including(a) investigation and analysis of some 

elements (Building materials, equipment, heating, construction area, roads, public spaces etc.) 

coming from two old neighbourhoods, (b) site modelling and dynamic thermal analysis; (c) 

life cycle assessment and adaptation of new scenarios; (d) habitat orientation impact 

assessment, water management, renewable energy, and population mobility on urban and 

suburbanlife cycle. 

2.1.Studied cities 

Liege is a city located in the Wallonia region in Belgium. This city is characterized by a 

temperate climate, acceptable for outdoor activities throughout the year, even if the most 

favourable period for these includes the end of spring, all the summer and the beginning of 

autumn.  

The two neighbourhood typologies selected for this study are an urban block and a suburban 

block. The first is located in Liege, in the Saint-Léonard district. It is located at the level of 
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Maghin Street, which will be called "Maghin neighbourhood" hereinafter. The second is 

located at Neupre, which will be called" Neupre neighbourhood" hereinafter. They are both in 

Wallonia, more precisely in the province of Liege. 

2.1.1. Urban neighbourhood: Maghin 

Maghin is located in the city centre of Liege, between the Maghin Street, the streets of 

Franchimon to is and Jonruelle. This islet is the only residential while being close to a wide 

variety of services such as shops and public transport. It was built in the 19th century during 

the period of rapid urbanization. It is well representative of the urban islets by its high density 

of buildings, the little free space in the centre of the islet but also by its predominantly 

terraced dwellings.A view of this neighbourhood is shown in Figure 2a. 

2.1.2. Suburban neighbourhood: Neupre 

The Neupre district is located on the outskirts of Liege, 16 km from Liege-Guillemins train 

station and 18 km from the centre of Liege. Like the Maghin neighbourhood, the Neupre 

neighbourhood is only residential but the number of the homes has 3 times less. At the surface 

level, it is noted that the Neupre neighbourhood is almost 4.5 times higher than that of 

Maghin Street. The buildings were built between the years 1860 and the 1990s. There is little 

public transportation in this area. The Figure 2a showed the location of this 

neighbourhood.The Table1 gives some characteristics of these two neighbourhoods.  

Table 1. Some characteristics of the neighbourhood. 

 

 

 

Neighbourhood Maghin Neupre 

 

Type Urban Suburban 

Altitude 

(m) 

59 257 

Latitude 50°39’4’’ N 50°32’38’’ N 

Longitude 5°35’18’’ O 5°28’31’’ E 

Area 

(ha) 

0.36 1.59 

Population 92 27 

Number of buildings 30 10 
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Building ages 120-169 29-159 

Building types Residential 

and commercial 

Terraced and semi-detached 

houses, apartment buildings 

Density 

(log/ha) 

81 06 

Building area 

(%) 

44 10 

 

Each of the cases considered has some design characteristics that  influence the ecosystem. 

2.2.Designanalysis 

In these two regions, most of the buildings were constructed about100 years ago which 

indicated that these studied places are classified as “Old neighbourhood". In Maghin 

neighbourhood, the total population was estimated around 92 living in 30 buildings which 

occupied 44% of the total area. While in Neupre neighbourhood, there is, at least 27 people 

distributed in 10 great buildings which only occupied 10% of the total area of the 

neighbourhood. Some characteristics of these buildings are shown in Table2. Most of the 

studied buildings have window beats single glazed aluminium. 

2.3. Data choice 

Some environmental data which, we use come from the ECOINVENT database developed by 

different research institutes based in Switzerland. These data include, for each process and 

material, a life cycle inventory that contains all material and energy flows into and out of the 

system [19]:(i) resources consumed (water, energy,etc.);(ii) Emissions in the different natural 

environments: air, water or soils (ammonia in water, metals in the soil, CO2,etc.);(iii) Wastes 

created (inert, toxic or radioactive). 

We used version 2.2 (2012) of the ECOINVENT database. This version was completed by the 

most recent version, ecoinvent 3.5 (2018), which constitutes all previous versions of the tool. 

The development of this database follows processes that have been certified several times as 

reliable and the contents of this database have been verified and validated by international 

experts. The ECOINVENT Centre is recognized as an international leader in environmental 

sustainability data and is recognized for the transparency of these methods [33]. Other data 

applied in the table 6, come from BELDAM report [34]. Indeed, BELDAM report gives 

somestudies on the mobility in Belgium. 

2.4.Environmental indicators 
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In this study, we assessed twelve (12)impacts of the life cycle: the greenhouse effect(via the 

Global Warming Potential, GWP);acidification(via the Potential of Acidification, 

PA);Primary Energy Demand; the water used; Waste produced; the depletion of abiotic 

resources (via the Abiotic Depletion Potential, ADP);eutrophication (via the Potential of 

Eutrophication, PE); the production of photochemical ozone(viathe Ozone Depletion 

Potential, ODP); damage to biodiversity; Radioactive waste; Damage to health(via the 

Disability Adjusted Life Year, DALYs); Odors(via the Odor Threshold Value, OTV). 

2.5. Scenarios  

To perform a dynamic thermal simulation of each modelled building, the following scenarios 

were defined: 

(1)Occupancy scenario: between 7.00 am, and 6:00 pm, theaveragebuildingoccupancy rate 

was around 25%, and the night, between 7:00 pm and 6:00am, more than 100%. The unit of 

LCA was 6 inhabitants for 100m²,in Maghin islet (urban) and of2 inhabitants for 100m²,in 

Neupre islet (suburban).The Activity of all the occupants was sedentary (1met). 

(2) In the implementation process of this modelling, we define the thermal zones and their 

scenarios of occupancy, in order to carry out our dynamic thermal simulation. Looking at the 

study scale, only three types of thermal zones were created, as it was very difficult to detail 

heat zones room by room for each apartment. We separated the apartments into two zones: a 

day zone and a night zone. In addition to that, we have created an area corresponding to the 

halls. The statistical analysis of the meteorological data showed that in the day zone, the 

heating set point temperature was 16°C between 22:00 hours and 07:00 hours and 19°C 

during the day, whereas, in the night zone, the temperature was about 18°C between 22:00 

hours and 07:00 hours and 16°C during the day. We assumed the area that was occupied 

during the day and unoccupied at night and conversely for the night area. We judged a 

temperature of 18°C was sufficient for the rooms, in case of sleep. The dissipated power 

inside the building was mainly due to the use of electrical equipment generating heat. Their 

values were increased during the daytime, when the occupants' requirement of electrical 

appliances was assumed to be greater. The analysis of the data obtained showed that between 

7:00 a.m. and 10:00 a.m. and between 6:00 p.m. and 9:00 p.m., it was around 5.7 W/m². 

(3) Lighting level scenario: less than 100Lux from 10pm to 5:00 am (hours of sleep), more 

than 300Lux from 6:00 am to 10 pm, corresponding to the rush hour of work.This choice was 

made with respect to the occupation scenario 

(4) Other scenarios: We assume the day area occupied during the day and unoccupied at night 

and conversely for the night area. We judge assumed a temperature of 18 °C is acceptable for 
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the rooms in case of sleep. The dissipated power inside the building is mainly due to the use 

of electrical equipment generating heat. Their values are increase during the periods of the 

day in which occupants' activities requesting electrical appliances are assumed to be greater. 

The data analysis allows us to set the occupancy of the studied apartments at 0.033 

inhabitants/m², which corresponds to one occupant per 30 m². 

For each thermal zone, we defined the ventilation parameters. We considered good air-

tightness, resulting in an infiltration of 0.25 vol/hour through the wall. The thermal standards 

limit air infiltration for new buildings to 0.6 vol/hour, however, here, in the case of passive 

buildings, we assumed the air tightness, which was the subject of particular attention during 

the study and its implementation. An annual standard ventilation scenario was chosen with a 

nominal flow rate of 0.3 vol /hour, a double flow controlled mechanical ventilation and a heat 

exchanger with a yield of 85%. This interchange was bypassed between mid-June and early 

September. The hot water generation for the heating system as for the domestic hot water 

(DHW) was provided by a standard condensing gas boiler, with 92% efficiency Lower 

heating value. The heat emitter consists of a heated floor on the ground floor and radiators on 

the first floor. Analysing the characteristics of these systems, we decided to use some data 

found in the software by default. 

2.6. Life Cycle Assessment 

No hypothesis were made at random, everything was defined using reliable sources and 

known to optimize the veracity of this research. Some data used in this study was obtained by 

performing several field surveys, interview of some building owners(occupant, activity ,area, 

buildings, equipment, etc.), but also by analysing the results of some researches in the 

literature concerning this city[33-34]. 

2.6.1. Building scale data 

Some input data in the tools were: (i) The metrics of all building elements and their detailed 

characteristics; (ii) The required energy and water and consumptions resulting from the 

dynamic thermal simulation. Structural that is to say, 100 years). These lifetimes allowed to 

calculate the impacts of the renovation phase. 

The transport distances of the materials that we have taken into account in the LCA are 

contextualized in the case of Belgium and are the following: 100 km between the production 

site and the construction site, and 50 km between the construction site and the discharge. 

The5% material surplus was considered. It corresponded to the average fall rate of the 

different construction products (standard value suggested by modelling software). 
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The energy data were evaluated under the Belgian energy mix in the software. It is 52% 

nuclear, 27% natural gas, 17% renewable and 4% coal (International Panel of Climate 

Change, IPCC 2016). The production system was a natural gas condensing boiler with a 92% 

of the lower heating value (PCI) efficiency. Type of energy for heating: natural gas boiler; 

Type of energy used for domestic hot water: natural gas boiler. 

Regarding water consumption: Performance of the drinking water network: 80%;Cold water 

consumption: 100 litres/person/day (Walloon average, [State of the Environment Unit, 

2018]); Hot water consumption: 40 litres/person/day (Walloon average, [State of the 

Environment Cell, 2018]); No dry toilets. 

Regarding the waste use, the policy of selective sorting of waste is also considered (Less of 

waste.wallonie.be). This sorting is considered equal to 90% for glass waste and 75% for paper 

and cardboard. Thus, this proportion of waste is considered recycled and not land filled. 

According to Belgian statistics, 40% of the 1500g of daily household waste per person is sent 

to incineration with a yield of 85%. The distances from the site to the garbage dump are 

10km, 100km to the incinerator and 50km to the recycling site. We considerate the life time 

of frames and windows: 30 years; the lifetime of coatings: 15 years overall service life of 

equipment: 20 years. 

We also take into account in our study the mobility component. Thus, the environmental 

impact of the occupants' daily trips is calculated. We consider that 80% of occupants make a 

daily commute. For other occupants, an average distance of 20 km is indicated for commuting 

to work. They were carried out 5 days a week, 47 weeks a year. Some characteristics of 

buildings are shown in table2.The windows are in Glass wool (0.9mx0.7m). 

Table 2. Characteristics of buildings. 

 Thickness 

(cm) 

Conductivity 

(λ W/(m.K)) 

Density 

(ρ kg/m3) 

CS 

(Wh/kg.K) 

U 

(W/m².K) 

R 

(m².K/W) 

Outside wall(solid brick) 

Terracotta 34.0 1.150 1900 0.250 3.38 0.30 

Plaster + 

cellulose 

1.3 0.300 1200 0.222 23.08  

Adjoining wall(Solid brick) 

Plaster + 

cellulose 

1.3 0.300 1200 0.222 23.08 0.04 

Terracotta 34.0 1.150 1900 0.250 3.38 0.30 
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Plaster + 

cellulose 

1.3 0.300 1200 0.222 23.08 0.04 

 

Floor(Old floor) 

Light tree 2.5 0.150 500 0.333 6.00 0.17 

Mortar 3.0 1.150 2000 0.233 38.33 0.03 

Floor tile 2.0 1.700 2300 0.194 85.00 0.01 

Roof(Attic) 

Glass 

wool 

20.0 0.041 12 0.233 0.20 4.88 

 

Plaster 

board  

BA 13 

1.3 0.325 850 0.222 25.00 0.04 

 

2.6.2. Neighbourhood scale data 

Once the LCAs of the different buildings were completed, it was important to aggregate the 

results and add all the impacts emanating from the neighbourhood. We are moving here on a 

larger scale. In the same way, as we did for buildings, we provide some key data about the 

site. As, another study carried in the same city [29], we have assumed in this study that: (i) the 

transportation distances between the plant and the waste management site are also the same as 

those specified for the previous buildings, (ii) the rainfall is 1000 l/m².year. Some of this 

water was directed to the network and should be subject to specific treatment. Another part 

was directed to water retention systems; (iii) we consider, in the basic case, the absence of 

rainwater harvesting systems to measure the impact of their presence later, (iv) underground 

water and wastewater networks were considered; (v) After carrying out a rapid survey, we 

count 1200m of pipelines dedicated to drinking water and as much dedicated to wastewater. 

The drinking water system was 50% polyethylene and 50% ductile iron. The length of the 

network (Calculated by thinking of the network in the middle of the road and connection for 

each house), was estimated at 774 m (Neupre neighbourhood), and 530m (Maghin).It was 

also considered that the wastewater network had a lifetime of 75 years with the network losses 

estimated at 3%, while the periodicity of maintenance was fixed at 40 years. Open spaces are 

also taken into account and detailed in Table 3. 

Table3. Characteristics of Open Spaces Considered in Neighbourhood LCA. 
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 Road Street Driveway, 

parking 

Garden, green 

area 

Impermeable (%) 95 90 85 40 

Snow 

(day/year) 

0 0 0 0 

Shearing 

(per year) 

0 0 0 5 

Lighting level normal normal normal normal 

Lighting type sodium sodium sodium sodium 

Lighting 

load(kWh/m²/year) 

4.8 4.8 4.8 - 

drinking water 

used  

(l/m²/year) 

10 09 09 60 

Waste(kg/m²/year) 25 25 25 3 

Lifetime 

(year) 

100 100 100 100 

Gain  

(%) 

10 10 10 10 

 

3. Simulation tools  

In this study, we have combined three software such as ALCYONE, COMFIE-PLEIADES 

and nova EQUER. It is important to notice that each of these software as a precise function. 

All these software programs are regularly used by numerous international research 

laboratories and has been clearly validated by the scientific community [36- 42].The Analysis 

chain is as follows (see Figure3). 

ALCYONE is a graphical input tool. It allows describing the geometry of a building to 

represent its solar masks and to define the composition of the walls [39]. In addition, using 

this software, we defined the zoning of the building where the thermal behaviour is 

homogeneous [37].This software is essentially made up of five components: Generals 

(Construction Data, the Project Library, LCA Association, Weather and Horizon); 

Plan;STD,3D; Calculation. 
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COMFIE-PLEIADES allows us to perform the dynamic thermal simulation for buildings 

[39]. The geometry created via ALCYONE can be imported from the information entered 

concerning the materials, the occupation scenarios and the meteorological data. The software 

evaluates the heating and air conditioning needs. It is possible to disaggregate the results by 

thermal zone or by a period of time. The calculation engine is the COMFIE kernel and the 

graphical interface is PLEIADES [43-44]. 

Nova-EQUER is the environmental quality assessment tool. The requirements calculated in 

COMFIE are exported and additional inputs are provided to complete the LCA. It includes 

data such as the energy mix, the mobility of users, the constitution of outdoor spaces and 

networks. The software then performs the LCA of the buildings and presents the results in the 

form of radars compiling different impacts with the possibility of visualizing the part of each 

phase of the life cycle and comparing different variants of the same project [45-46]. 

4.Results 

To facilitate the comparison of the study results, it is necessary to have an equivalent 

functional unit between the two neighbourhoods studied. To do this, it must just indicate in 

"unit of reference" nova-EQUER software that we have 30 buildings forthe Maghin islet and 

10 dwellings in the Neupre neighbourhood. This option of novaEQUER makes it possible to 

reduce the results to the indicated unit of reference and thus to be able to exploit the results. 

4.1. Analysis of dynamic thermal simulation 

In urban areas (Maghin neighbourhood), the heating zone was estimated at 4246.98 m², with 

average heating requirements of 160.7 kWh/m²; while in the suburban area (Neupre),the 

heating area was 2,837.26 m² with an average heating requirement of 195.1 kWh/m². 

These results mean that, the heating energy demand per meter square depends on building 

characteristics and use.In the literature, previous researches showed that a Walloon house 

from the 19th century has a heating requirement between 190 and 200 kWh/m² [34, 48]. This 

confirms that there was no modelling error for the Neupre district. Concerning Maghin 

neighbourhood, it is normal that the need of heating buildings either lower than Neupre 

neighbourhood. It can be due to the presence of terraced houses. The terraced houses are 

contiguous with each other and therefore have at least one wall in common, which reduces 

heat losses and thus the need for heating the house. Globally, acidification, waste product, 

Eutrophication, photochemical ozone, biodiversity damage and health damage are more 

significant in Suburban than urban. 

The table4 shows a comparison of LCA per unit in the two neighbourhoods. 

Table4. Some environmental impacts per unit. 
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Environmental 

impacts 

Neighbourhood per inhabitant per m² dwelling unit 

Greenhousegas 

(kgCO2/year) 

Urban 5083.5 295.2 15589.3 

Suburban 17321.6 294.1 46768 

Energy 

(GJ) 

Urban 96.7 5.6 296.7 

Suburban 275.8 4.7 744.9 

Acidification  

(kg SO2eq.) 

Urban 17.4 1.1 53.5 

Suburban 50.76 0.9 137.1 

health 

damage(DALYS) 

Urban 0.0036 0.0002 0.0112 

Suburban 0.0145 0.0002 0.0394 

Photochemical 

ozone product  

(kg ethylene eq.) 

Urban 0.68 0.04 2.11 

Suburban 2.53 0.04 6.8 

Odor 

(Mm3 air) 

Urban 105.7 6.14 324.3 

Suburban 288.5 4.90 927.8 

Waste product 

(t) 

Urban 2.87 0.17 8.81 

Suburban 14.22 0.24 38.42 

 

Regarding these two neighbourhoods, the greenhouse effect emission per inhabitant is higher 

in urban islet than suburban. However, the emission of greenhouse effect emission per square 

meter is higher in urban (295.2 kgCO2/year), than suburban (294.1 kgCO2/year).Energy 

consumption per square meter, is 16% higher in urban than suburban neighbourhood. 

Overall,by considering “dwelling unit”,it is seen that, all the different impacts are more 

important in suburban than urban. Large living area and also low density in suburban can be, 

one of origin. Some findings found in this study are similar at those showed by Trigaux et al. 

[56]. In 2013, Buyle et al.[49] showed that the behaviour of the inhabitants is a particularly 

difficult factor to predict which influences the energy consumptions and thus the results of an 

LCA, whatever the quality of this one. 

4.2.Analysis of the influence of the indicators 

We apply to this phase of the study the LCA of the two neighbourhoods was conducted and 

the influencing parameters were identified. This analysis focuses on 12 impact indicators 

representative of the sum of the four phases of a neighbourhood’s life cycle (construction, 

use, renovation, and demolition).The aim here is to determine which of these 12 indicators are 
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most affected by the geographical location of the different neighbourhoods (Urban or 

Suburban). The functional unit is always applied to these results. The LCA results of the 

studied neighbourhoods are shown in Figure4. 

By analysing the Figure 4,compare to an eco-neighbourhood [32], it was noted that the two 

studied neighbourhoods had the most significant and different impacts on most of the criteria, 

mainly eutrophication, except for the greenhouse effect indicators and the production of 

photochemical ozone. Therefore, we particularly focused on the difference in eutrophication 

(its impact is the farthest between the two neighbourhoods). Eutrophication (kg PO4 eq) is the 

major release of nutrients (nitrates, phosphates, and organic matter) into an aquatic 

environment. This has the effect of accelerating the proliferation of algae and aquatic plants 

that will deplete the oxygen medium, and thus kill other living organisms (animals and 

plants). Figure 5 shows each phase of the eutrophication life cycle. Given the importance of 

the use phase, it is interesting to determine which assumptions lead to this difference.Table5 

shows eutrophication in the use phase. 

Table 5. Eutrophication in the utilization phase according to the configured parameters (kg 

PO4 eq). 

Parameter Maghin Neupre Difference 

Heating 3977.86  3081.49  -896.4 

Wastes  3006.39  882.31  -2124.1 

Distribution 45.14  27.95   -17.2 

Water 6597.30  1936.16  -4661.1 

Lighting 398.98  270.04  -128.9 

Hot water 313.93  113.06  -200.9 

Electricity 

(other)  

34.63  0.00  +34.6 

Specific 

electricity  

1657.14  1107.08  -550.1 

Gas  

(other)  

0.00  0.16  +0.2 

Public space  0.00  176.09  +176.1 

Public space  

(waste)  

2536.03  3558.14  +1022.1 

Public space 136431.23  323050.47  186619.2 
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(water)  

Public space 

(electricity)  

298.27  314.65  16.4 

Public space 

(miscellaneous 

transport) 

21.34  29.94  +8.6 

Transport 887.14  520.71  -366.4 

In order to determine which parameter has the greatest influence on eutrophication during the 

use phase, we calculated the eutrophication variation between neighbourhoods according to 

each parameter, as shown in table 4.Thus, we realized that eutrophication is due to the 

watering of public space. In addition, the Neupre neighbourhood has nearly four times more 

public space than the islet of Maghin and more than 70% of this public space is made up of 

green spaces. Indeed, by doing a deep statistical analysis of the data, it was found that in 

Maghin neighbourhood, the public area was estimated from 4479.43 m2 without planning 

ofgreen space, while in Neupre neighbourhood, the public area was estimated from 

17721.20m2, with 12 995.90 m² of green space. It is therefore logical that eutrophication is 

more important for the suburban area than in the urban area. Table 6 givesmore details on the 

phases. 

Table 6. Different phases of LCA. 

 Construction Operation Renovation Demolition 

Urban 4.5% 85.8% 6.2% 3.4% 

Suburban 2.2% 94.1% 2.3% 1.4% 

Both 3.4% 89.9% 4.2% 2.4 

 

As shown in table6, the operation or use phase is the most important (89.9%). This finding 

confirms the results found by Lotteau et al. [50] who showed that the utilization phase of 

building produces the most important environmental impacts quantity. It is interesting to 

notice that the maintenance and demolition rates are more significant in an urban 

neighbourhood than Suburban. 

4.3. Sensitivity analysis 

The previous comparative study did not allow us to answer precisely to our first questions 

which were the influence of the journeys and the development of the public space on the 
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environmental impacts. As a result, we chose to conduct two sensitivity studies on these two 

areas. 

4.3.1.Influence of daily paths 

To determine the influence of transportation on environmental impacts, only the Neupre 

neighbourhood was analysed. Any input data in the nova-EQUER tool was shown in Table 7. 

Table7. Applied data to the different studied cases. 

 Base Case1 Case2 Case 3 

Occupant doing the daily path 

(%) 

100 100 100 50 

Distance of the weekly path 

home-trade 

(m) 

1000 7000 7000 7000 

Distance to the transit system 

(m) 

500 2000 2000 2000 

Distance of daily path home-work 

(m) 

5000 12800 12800 12800 

Presence of cycle path no no yes yes 

 

The case of "Base" corresponds to the first modelling carried out on the Neupre 

neighbourhood for the comparison with the Maghin neighbourhood. The distances are 

therefore those applied by default by novaEQUER. In “case 1”the real distances between 

Home and Workplace(centre of Liege), Home-Trade (district Sart-Tilman) and Home-Bus of 

the district of Neupre was considered. For “Case 2”, only the bike path is added. And finally, 

for Case 3, we considered that only 50% of the population of the studied neighbourhood was 

on a daily path.Figure 5 showed a comparison diagram of environmental impacts. 

This figure shows that the length of daily trips made by the population, but also the presence 

of public transportation and bike path have no real influence on the environmental impacts in 

general. The most important difference is in the production of photochemical ozone. This is 

easily explained because this is due to the decomposition of volatile organic compounds 

(produced by cars) under the effect of solar radiation, this causes "smog" (fine particles and 

ozone) that is bad for the respiratory tract. The paths for cases 1, 2 and 3 are longer, so the 

formation of photochemical ozone increases. For case 3, it decreases slightly because fewer 

people are moving around. 
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4.3.2. The influence of the water management  

For this sensitivity study, we focused on the presence of water retention systems, andthe 

storage of rainwater. These systems make it possible to avoid increasing the volume of 

wastewater during heavy rains. Indeed, in this method: 

(a) The tanks of rainwater recovery are modelled: Rainwater used for watering gardens, 

cleaning outdoor and indoor spaces flushing toilets, and washing machine. Rainwater 

managed by a segregated network consisting of cisterns, bodies of water, valleys, ditches. The 

water of gardens, and alleys,taken by ditches and valleys, then directed to a body of water. 

The water recovered on the roofs is stored in tanks. All of the site's rainwater is managed by a 

sewerage system and no part of this water will be taken over by the wastewater network. Soils 

keep their initial permeability. 

(b) Permeable floors: Alleys, squares and car parks are covered with unrepaired concrete 

pavements and, concrete-grass slabs. The totality of water not infiltrating directly into the soil, 

it is sent to the wastewater network. The total impermeability of the site decreases to 58%, 

once the permeable pavements are used. 

To do this, it was enough to change on nova-Equer the parameter "Runoff of water bodies 

(%)". This parameter refers to the percentage of rainwater that will be redirected to water 

retention systems and not to the storm water system. We conducted this study in Maghin 

(urban district of Liege). Some of the results are shown in Figure 7. 

It is important to note that the presence of water retention systems significantly reduces 

environmental impacts and in particular eutrophication, waste produced, acidification and 

damage to health. This reinforces the trend of importing this equipment into our current 

development projects to minimize the impact on the environment. 

5. Discussion 

It is often easy to quickly make comparative LCA of buildings. At the neighbourhood level, 

the comparative analysis between different studies becomes very difficult. Indeed, the 

working hypotheses vary from one place to another. All the cities are built with different 

plans and structures. A calculation hypothesis used in one study, may not be accepted in other 

research. In this study, the demolition phase represents the 2.4% of total environmental 

impacts.This result is almost similar to conclusion of Blengini[23] who showed that the 

demolition phase represent0.2–2.6% of total impact environmental emission; 

Applied LCA at neighbourhood level requires lot of concentrations and works which lead 

most researchers to carry out their study at the building level. In Figure 4, it is important to 

note that the 12 indicators applied have a significant effect on the environmental impact in 
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both neighbourhoods. Indeed, it is noted that the production of “photochemical ozone", and 

"the greenhouse effect", affected the two neighbourhoods almost the same way, while the 

impact of "eutrophication", is very distant from each other, in both neighbourhoods. The 

Eutrophication concentration is higher in the suburban area than urban, because of the 

presence of an important area of green space. Generally, to conduct studies aimed at 

developing sustainable neighbourhoods, the impact of the built environment (presence of 

vegetation, urban morphology, and selection of design materials) on the demand for energy in 

habitats must be evaluated. The results obtained after the analysing of the twelve applied 

impacts showed that the use phase is the most important of the four studied stages 

(Construction, Use, Renewal, and Demolition). This statement confirms the results found by 

several researchers [48-50].The sensitivity analysis showed that the impacts of different daily 

journeys and the management of public spaces can significantly affect the results of the 

analysis of the life cycle in a neighbourhood. It is possible to increase the energy performance 

of an old building by performing heavy renovation techniques [53-54].This is more important 

as LCA show that the use phase is very crucial in terms of energy consumption. This study 

also highlights the influence of the location and design of a neighbourhood on the 

environment and requires the extreme urgency or the need for global energy analysis, taking 

into consideration both building and transportation, which are rarely highlighted. Despite this, 

it is noted that consumption due to travel between home and work, or between home and 

shopping centre, plays an important role in the LCA, especially when these trips are made 

regularly.Like all other research on LCA of a neighbourhood, this study has several 

limitations that should be solved in future researches[55-56]. Indeed, in the transportation 

sector, all the different types of the journey were not taken into account in the simulation 

tools. Simulation results are still slightly different from reality due to the software's design 

stage and changing weather conditions[57]. The simulation tools admit only a limited number 

of buildings. 

6. Conclusion 

This research aims to conduct a LCA in two old neighbourhoods located in urban and sub-

urban areas over 100 years and located in the Liege region. LCA is a tool that can serve as a 

decision aid, but also allows to target the phases of the life cycle of a product that would need 

to be reworked with an eye to the environment. LCA allows performing different types of 

comparative studies. Despite the novelty of the LCA application at the neighbourhood level, it 

is considered the most reliable method. It is a challenge and a fascinating research topic to test 

the application of the LCA method applied to buildings at the neighbourhood scale. The 
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difference in environmental impact between an urban and suburban district is linked to 

transportation, or to the daily paths of the populations, but especially to the management of 

public space (water treatment, waste). The 90% of the environmental impact rate comes from 

operation phase of the life cycle. The typical problems of urban development are to be treated 

as a priority, given their considerable influence on the LCA of a neighbourhood.Thus, once 

these urban issues are taken into account, the parameters influencing the scale of the building 

become in significant.This study was focused on a theme that was urgent to study but, many 

other parameters remain to be studied in order to provide designers with complete lines of 

conduct. Thus, this work remains open and will be completed at the scale of a great 

metropolis and a country. A deepen comparison of the different environmental impacts 

coming from Old and New neighbourhood, is an important outlook for this study. 
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Figure1. Location of the two studied neighbourhood in the Province of Liege. 

 

 

 

Figure 2a. Maghin urban neighbourhood , Saint Leonard district, Liege (Belgium) 
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Figure2b. Suburban neighbourhood  of Neupre(Belgium) 

 

 

Figure3. Chaining inputs /outputs between evaluation tools. 

 



Jo
ur

na
l P

re
-p

ro
of

28 
 

 

 

   Figure4. Comparative diagram of the environmental impacts of the two studied 

 neighbourhoods  . 

          

Figure5. Eutrophication for each phase of the life cycle for both studied neighbourhoods. 
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Figure 6. Comparative diagram of environmental impacts based on daily trips made. 

 

 

   Figure7. Comparative diagram of environmental impacts based on the presence of 

water retention systems.  
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Appendix 

 

Appendix1. Global result 

Impact Maghin Nepreu 

Greenhouse gas(100year)  

(tCO2 eq.) 

46767.99 46768.31 

Acidification  
(kg SO2eq.) 

103697.12 137066.84 

Cumulative Energy Demand 

(GJ) 

890057.00 744864.51 

Waste water 
(m3) 

853641.58 645104.70 

Waste product 

(t) 

26433.70 38420.74 

Depletion abiotic resource 
(kg antimony eq.) 

325657.06 280476.66 

Eutrophication 

(kg PO4 eq) 

160474.06 338115.54 

Photochemical ozone product 
(kg ethylene eq.) 

6344.67 6854.02 

Biodiversity damage 

(PDF.m2.year) 

3170051.89 4088092.63 

Radioactive waste 
(dm3) 

959.99 784.32 

health damage 

(DALYS) 

33.57 39.39 

Odour 
(Mm3air) 

972758.16 778960.61 
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Appendix 2. One example of the detailed result: Greenhousegas (100year) (tCO2 eq.) 

Stage Use Maghin Nepreu 

Construction 1660.31 995.99 

 Equipment 299.31 103.21 

 Window 37.50 16.05 

 Wall 992.49 504.01 

 Public space: coating 161.31 200.61 

 Public space: various transportation 26.03 31.07 

 Public space: wastes 2.25 2.69 

 Door 0.15 0.05 

 Floor 115.19 124.91 

 Transport 26.08 13.39 

Utilisation 43581.60 45089.40 

 Heating 24414.26 18912.77 

 Wastes 1584.73 465.08 

 Distribution 54.95 34.03 

 ECS 2572.01 926.30 

 Water 401.28 117.77 

 Lighting 485.74 328.76 

 Specific electricity 2017.50 1347.82 

 Public space: Electricity 363.14 127.88 

 Public space: various transportations 15.32 383.07 

 Public space: Wastes 5652.14 21.49 

 Public space: Water 5418.45 12855.72 

 Transport 602.09 1638.54 

Renovation 1431.16 602.55 

 Equipment 1197.24 412.84 

 Window 75.01 32.11 

 Wall 50.89 33.73 

 Public space: coating 71.54 83.81 

 Public space: various transport 21.89 25.64 

 Public space: wastes 11.35 13.30 

 Door 0.31 0.10 

 Transport 2.95 1.02 

Demolition 94.91 80.38 

 Wall 25.68 14.04 

 Public space: various transport 21.69 25.89 

 Public space: wastes 22.51 26.86 

 Transportations 25.03 13.59 

 




