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Abstract  

The study was 

conducted to assess 

the spatial distribution 

pattern of petrol filling 

stations in Damaturu 

metropolis against the 

physical planning 

standards set by 

Department of 

Petroleum Resources 

(DPR) and Yobe Urban 

Development Board 

(YUDB). The research 

aim at providing 

information that will  

serve as a guide for 

petrol filling stations 

distribution planning 

to the policy makers of 

Damaturu metropolis. 

The geometrical data 

of filling stations were 

generated using hand 

held Global 
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Introduction  
A petrol station, filling 

station, gas station, 

fueling station, or 

service station is a 

facility which sells 

fuel and lubricant for 

motor vehicles; the 

most common fuel 

sold is petrol and 

kerosene. Fueling 

station is a retail 

establishment where 

motor vehicles are 

refueled, lubricated, 

serviced, and 

sometimes repaired. 

Fueling stations 

should be located not 

only where they are in 

fact accessible but 

where they can be 

easily located by 

strangers and that, in 

details, they should be 

placed where they 

will little danger and 

congestion as, much 

possible most petrol 

stations sell petrol or 

diesel, some carry 

specialty fuels such as  
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Positioning System 

Garmin76CSx receiver, 

and the attribute data 

were generated 

through office records, 

site inspection and 

oral interview. The 

satellite imagery, 

street map, and 

boundary map of the 

study area were 

obtained from Yobe 

State Ministry of Land 

and Housing. The data 

were imported to 

ArcMap environment 

of ArcGIS 10.3 

software. The attribute 

data were linked to 

spatial data to enable 

the researcher 

examine the spatial 

distribution of the 

petrol filling stations, 

which in turn revealed 

their spatial pattern. 

All the analyses were 

performed in ArcMap 

environment using 

spatial analyst and 

proximity tools 

available in the 

software. The findings 

revealed that there are 

66 filling stations 

located along the 8 

roads in the study area, 

of which 89% are 

owned by Independent 

marketers, 8% owned 

by Major Marketers, 

and 3% owned by 

NNPC. However, most 

of the filling stations 

satisfied the minimum 

requirement of 15 

meter from the road 

(98.5%), all the filling 

stations met the 

minimum distance of 

100 meter from the 

health care facilities 

and schools. However, 

many filling stations 

did not meet the 

criteria of 400 meter 

minimum distance to 

other stations where 

located on same road 

side. The point pattern 

analysis revealed that 

the spatial distribution 

pattern of the filling 

stations is clustered. 

The research 

recommends that the 

regulatory agencies 

should look in to the 

issue and take 

appropriate measures 

to ensure that filling 

stations operators 

comply with the 

standards.

 

iquefied petroleum gas (LNG),   liquefied natural gas (LNG), hydrogen, 

biodiesel, kerosene, or butane while the rest add shops to their primary 

businesses, and convenience store (Keeble, 1998). 

Geographic Information Systems (GIS) approaches and related products 

have been widely used in the people’s daily life. GIS provides the 

appropriate tools for analyzing the effective factors on spatial data and 

non-spatial data (Adsavakulcha and Huntula, 2010). It is a powerful 

computer-based tool for the capture, storage, management, retrieval, 

query, analysis and presentation of spatial data. GIS ability as spatial data 
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processing and analyses tools available can be used to manage a wide 

range of information (Mohammed et, al, 2005). 

Nigeria is a blessed nation or country with abundant natural resources of 

which petroleum products play a vital role in Nigeria’s economy (CBN, 

2010). This petroleum products account for 78% of Nigeria’s Gross 

Domestic Product (GDP) and also account for 90% of the Nigeria’s total 

annual revenue and foreign exchange earnings (NBS, 2008). 

Bolen (1988) stated that every location on the surface of the earth has its 

analyzable merits and demerits. Bolen categorized the factor into real 

physical condition and analysis physical condition. Real physical is a visible 

condition of the site in relation to area such as land condition, the wideness 

of the site, and the distance of the petrol service station to the highway. 

Analysis physical condition is physical condition obtained from real 

physical condition such as population analysis, neighborhood factor, and 

competitor analysis. The two factors are needed when sitting location for 

petrol service station, this because while the physical condition can affect 

the nature and type of business to be conducted, analysis physical can 

affect the business performance. 

According to Oetomo and Sesulihatein (2012), the factors to take in to 

account hen making a decision about the location of business, including 

customers, transport, the neighborhood, finances and  the longer term 

future. Alesheikh and Golestani (2011), further stressed some of the 

variables to e consider when selecting location for utility are proximity to 

population centres, distance from neighboring stations, the easements of 

using existing utility, and the magnitude of environmental parameters. 

 For instance, if the distance between one station and the other is too close, 

then it then it will lead to decreased turnover on each station (Oetomo and 

Sesulihatein, 2012) 

According to the Department of Petroleum Resources (DPR) procedure 

guide of granting approval to construct and operate a petrol product retail 

outlet (2007), before one begins petroleum retail outlet or filling station 

business, he/she has to submit: 

1. Three copies of approved plan showing the building existing or 

proposed on the site and the relation to the roadways and 

adjoining properties. 
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2. A certificate signed by the Chief Federal/State Fire Officer, or by 

an officer authorized in that behalf, that the arrangements 

proposed for the prevention of fire at the site are satisfactory. 

3. A certificate by the Area /Town Planning Authority for the 

construction of a petrol Filling Station on the proposed site. 

4. A certificate signed by the Divisional Police Officer or a superior 

police officer in-charge of the police motor traffic that he is 

satisfied that the site and the layout of the proposed filling station 

do not constitute an unnecessary traffic hazard. 

5. Evidence that the company applying is duly registered as a 

limited liability company by the appropriate Federal 

Ministry/Corporate Affairs Commission to deal in petroleum 

products. 

6. Tax receipt and/or tax clearance certificate for the preceding 3 

years. 

7. According to DPR manual before operating filling station one has 

to certify some physical planning standards. These standards 

are: 

i. Land should be zoned for commercial/industrial use or be 

designated specifically for the purpose in a subdivision. 

ii. The parcel of land should not be less than 33*33 square 

meters or equivalent of to plots of land allow for the free 

flow of traffic. 

iii. A petrol filling station should be sited 400 meters away 

from the next petrol station. 

iv. A petrol station should be sited 0 meters away in all angles 

of the build-up areas to create a buffer zone for the 

residential house-the buffer zone can be devoted to ant 

non-residential land use. 

v. That the distance from the edge of the road to the nearest 

pump should not be less than 15 meters. 

vi. The total number of stations within 2 kilometer radius of 

the site should not be more than four (4) including the one 

under construction. 
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vii. Filling station should not be located less than 100 meters 

from school, hospital, theatres, clinics, and other public 

and semi-public buildings. 

viii. The site (for filing station) should not lie within 

NNPC/PPMC pipeline right of way or PHCN transmission 

or railroad lines (procedure guide for grant of approvals 

to construct and operate of a petrol products retail outlet 

by DPR, 2007) 

 

This research work focus on the location analysis of filling stations in 

Damaturu Metropolis, the capital of Yobe State. The work adopted the 

definition and concept of metropolis from Cunningham (2005). In this 

work, a metropolis is the chief and sometimes capital, city of a country, 

state, or region, a central or principal place; it is a large and important city, 

usually the chief city in its region. The study is triggered because of the 

rapid increase in human and vehicular population in the town and from 

observation it seems there may be some problems as regard to location and 

distribution of filling stations in the town. In the word of Christeller (1993) 

in Albert, Adams and Gold (1973), there is some ordering principles 

unrecognized that governs the distribution of things and phenomena. Only 

when proper investigation is made that one can explain what is where and 

why, a question that geography holds since the epoch of Eratosthenes, 

since the beginning of geography. 

 

Study Area 

The study area is Damaturu Local Government Area of Yobe State, located 

in the North East Geopolitical Zone of Nigeria. Damaturu Local Government 

is one of the seventeen local government’s areas of the state with its 

headquarters area in the town of Damaturu, the state capital. The Local 

Government Area has an area of two thousand, three hundred and sixty six 

square kilometers (2,366 km2) and a population of about  eighty eight 

thousand and fourteen (88,014) at 2006 census. It is bounded to the north 

by Tarmuwa Local Government, to the south by Gujba Local Government 

Area, and to the west by Fune Local Government’s Area of Yobe State, while 

to the East it is bounded by Kaga Local Government Area of Borno State.  
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The study site is Damaturu metropolis, the capital of Yobe State, it lie 

between latitude 11º 39ʹ 55ʺN to 11º 47ʹ 01ʺN   , and longitude   11º 55ʹ 

04ʺE to   12º 01ʹ 47ʺE.  The town is on A3 highway and has an estimated 

population of forty four thousand, two hundred and sixty eight (44,268) at 

2006 census. The climate area can be described under Sahel Savannah 

which often characterized with short wet season that last for four months 

and long dry season of about eight months. The wet season occurs between 

August and September, with mean annual rainfall of 350-500mm. The 

temperature is fairly consistent, and the hottest months are March, April, 

and May with temperature ranges from 39ºc-40ºc. The vegetation cover in 

Damaturu is directly related to environmental factors such as soil, rainfall, 

and human intervention. The entire area fall within the Sahel Savannah; 

short grasses, thorny shrubs and trees are found dotted around. The study 

site is pluralistic in ethnic composition. Agriculture is the main occupation 

of the people, mainly crop production, livestock keeping. Inhabitants are 

mostly public servants, businessmen, and farmers. Map of Yobe State 

showing the seventeen local government areas is shown in figure 1, while 

the study area map is shown in figure 2 below. 

  
Figure 1: Map of Yobe State 
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Figure 2: Map of Study the Area 

Source:  Figure 1-Ministry of Land and Housing, Damaturu, Figure 2-   

Authors 

 

METHODOLOGY 

In this study a reconnaissance survey was carried out in order to identify 

and document the number of filling stations in the study area. This 

provided the researcher with the knowledge of the study area and guide 

on the nature of data required and preparation for the field work. Street 

maps of Damaturu metropolis at a scale of 1:2000 and Quickbird imagery 

of 2016 at 2.5 meter resolution were acquired from the Yobe State Ministry 

of Land and Housing. These data were integrated in order to produce the 

updated street map of the study area. Some attribute data of the filling 

station was acquired from the Department of Petroleum Resources (DPR), 

a department responsible for registering and regulating the activities of the 

filling stations in Nigeria. From the data, filling station names, type, and 

area (street) of their location were identified. This served as a guide for 
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verification and acquisition of the Geometrical data using hand held Global 

Positioning System (GPS) receiver.  

The obtained street map was scanned, imported into ArcMap environment 

of ArcGIS 10.3 and then georeferenced using map to image georeferencing 

method. The Quickbird image 201 of the study area was used as a slave 

image for the georeferencing. The georeferenced maps were also rectified 

and then given same coordinate system with the image. 

Shapefiles were created in ArcCatalog environment of the ArcGIS 10.3 

software with same coordinate system with that of the image and maps. 

The shapefiles were later imported into the ArcMap environment and used 

to digitized the street map and landuse map separately. Fields were 

created for name and type of the road, and to calculate the length of the 

roads in meters.  

A simple checklist was used to source the detailed information on the filling 

station, and their coordinates were obtained using hand held GPS (Garmin 

76CSx) receiver. 

The attribute data obtained from DPR and field visitation were used to 

create a simple database in Microsoft Excel (2007). Columns were used as 

field to store information on filling station which was saved in the project 

folder. The data was later exported to ArcMap environment of ArcGIS 10.3 

software. The numbers of filling station in each road were determined. To 

map out the filling stations, different symbolization was used. In addition 

tables and charts created in Microsoft Excel were used to present the 

inventoried data. Buffer and proximity analysis were carried out in 

ArcMap, in order to compare location of the filling stations. Different 

queries were performed to obtain the desire results. 

Buffer of 15 meters as created on the roads to enable the researcher know 

the stations that falls within the buffer zone. The selected features were 

highlighted and layer was created from the selected features. Charts were 

created to see the properties of the filling stations that do not meet this 

criterion. Another query as performed to show the location of filling 

stations those are within 400 meters from each other. 

 Schools (being a public building) database was also imported into ArcMap 

environment and a query by location was performed. The software was 

commanded to find out and highlight all stations that are within 100 
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meters from any school. The selected stations were highlighted as those 

not meet the criteria of 100 meters from public place. A similar operation 

was also carried out using Hospitals shapefile to identify those filling 

stations that not meet the criteria of 100 meters from hospitals. 

Worshiping place (either public or semi public) were not identified in this 

work because of lack oh their data (both spatial and non spatial), and the 

fact that anybody familiar with the study area, mosques are built 

everywhere including the premises of the filling stations. This fact prove 

that the analysis to be very difficult and verily impossible. 

 

RESULTS AND DISCUSSION 

Inventory of Filling Stations by Road 

The finding revealed that there are Sixty Six (66) filling stations at the time 

of the study. These filling stations are located along the Eight roads in 

Damaturu metropolis (Table 1). However, the filling stations are not 

equally distributed between the roads as can be observed from the table. 

Potiskum road has the highest number of filling stations (19), followed by 

Maiduguri  road and Gashua road with (16)and (8) each respectively, while 

Gujba road has 7 filling stations, these four roads account for more than 

one-third of the filling stations in the area (representing  75.76%). This 

result is not surprising because the four roads are the major roads within 

the metropolis; these are the longest in terms of length and linked 

Damaturu with major cities of Nigeria. 

Equally Gashua-Maiduguri bye-pass road, Maiduguri-Gujba bye-pass road, 

Gujba-Potiskum bye-pass road, and Potiskum-Gashua bye-pass road, have 

significant number of filling stations as can be observed from the table. On 

the other hand, short and access roads have no single filling station. In deed 

this finding has corroborated with that of Mohammed, Musa and Jeb 

(2014) and that of Dogara (2017), where they reported that filling stations 

are not built in town centers but rather on exit roads. 

 

Table 1: Distribution of Filling Stations by Road 

S/n Road Name Road 
Type 

No. of Filling 
Stations 

Percentage 

1 Potiskum Road Major 19 28.79% 



 

INTERNATIONAL JOURNAL OF ENV. DESIGN & CONST. MGT. 

(VOL. 13 NO.4) DECEMBER, 2020 EDITIONS 

 
  
 
 

115 

2 Potiskum-Gashua bye-
pass  

Minor 2 3.03% 

3 Gashua road Major 8 12.12% 
4 Gashua-Maiduguri 

bye-pass  
Minor 6 9.09% 

5 Maiduguri  road Major 16 24.24% 
6 Maiduguri-Gujba bye-

pass  
Minor 5 7.58% 

7 Gujba road Major 7 10.61% 
8 Gujba-Potiskum bye-

pass  
Minor 3 4.54% 

 Total  66 100% 
 

 
Figure 3: Existing Filling Station by Road Type in Damaturu Metropolis 

 

Map of the Study Area 

Map of the study area showing the location of petrol filling stations was 

produced as shown in the figure 4, their spatial pattern is shown in Table 

2. 

Series1, Major, 
75.76, 76%

Series1, Minor, 
24.24, 24%

Series1, Access, 0, 
0%

Existing Filling Stations by Road Type

Major Minor Access
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Figure 4: Map of Damaturu Metropolis 
 

 
Table 2: Attribute Table 
Source: Field Work, 2020. 
 

Distance from Road 

According to the physical planning standards set by DPR (2007) procedure 

guide for grant of approvals to construct and operate a petrol products 
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outlet, the distance from the road to the filling station pump should not be 

less than 15 meters. Since filling stations were presented as point facilities 

and roads as line feature, a buffer of 15m was created on the road and data 

query by location as made in the ArcMap environment. The query assisted 

with ‘selecting all locations that are completely within 15 meters road 

buffer’. The result is presented in figure 5. The result revealed that only one 

station (1.5%) did not meet the criteria of 15m minimum distance from 

road (figure5). The station that did not meet the criteria is Africa 

Petroleum (AP) along the major road as a result of expansion of the road 

in the year 1992. The result confirmed that majority of the filling stations 

meet the standard criteria of locating the nearest pump 15 meters distance 

from road. Among the filling stations that did not meet this criteria 0% are 

independent marketers, 100% are major marketers, and none is NNPC. 

 
Figure 5: Station and 15m Standard Distance from Road. 

 

Distances between Filling Stations 

Distances between filling stations in the study area were determined in 

ArcMap environment using proximity analysis tool. The finding revealed 

that the longest distance between neighboring filling stations was about 

2,740 meters (2.74km). This was found between Alin Baffa and Bamus all 
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along Maiduguri road. Apart from the two mentioned, the mean distance 

between neighboring filling stations was about ww  meters. The shortest 

distance of less than a meter was observed, were neighboring filling 

stations lied back to back, this was found between MRS and Bamus along 

Maiduguri road. The result also only fifteen filling stations were less than 

400 meters to their neighbors. However, only about 23% of the stations 

could not meet the minimum distance of 400 meters from their neighbors 

(with no road separation).  

In a null shell less than one quarter of the filling stations did not satisfy the 

standard of 400 meters distance from the nearest neighbor (figure 6). The 

filling station that did not satisfy this standard were found in most roads. 

The highest number of those not meet the standard of 400 meters between 

the location of filling stations was observed in Maiduguri road (6 filling 

stations), and Potiskum road (6 filling stations), which are major roads 

linking Damaturu to other major Nigerian’s cities (figure 6). The likely 

reason for these playout may be due to the market along these areas and 

the fact that regulators bend rule and give waver to the filling stations (as 

regard the standard) in heavy traffic roads.  

 
Figure 6: Filling Station in Relation to 400m to other Filling Stations. 
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Distance to Health Facilities 

According the criteria set by the DPR, filling stations are not allowed to 

operate adjacent to public institution, like hospital. In case they are to 

operate, the minimum distance of 100 meters has to be maintained. Thus a 

comparison was made between the location of filling stations and their 

distance to hospital. The findings revealed that all the sixty six (66) 

stations, making 100% of the stations meet this standard (figure 7). In 

essence distance of filling station to hospital is a major criterion the 

regulators do not play with.  

 

 
Figure 7: Filling Station Distribution in Relation to 100m Distance to Health 

Facilities. 

 

Distance to Schools 

According to the criteria set by the DPR, filling stations are not allowed to 

operate adjacent to schools. In case they are to operate, the minimum 

distance of 100 meters has to be maintained. Thus, a comparison was made 

between the location of filling stations and their distance to the schools. 
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The finding revealed that all (100%) of the filling stations meets this 

standard (figure8). These stations are major and independent marketers, 

and NNPC outlet. 

 
Figure 8: Filling Station Distribution in Relation to 100m Distance to 

School. 

 

Point pattern analysis 

This can also be called dot map. It was use to display the distribution of 

petrol filling stations events as data locations visual inspection of spatial 

clusters, and analyzing the facilities distribution pattern. 

 
Figure 9: Average Nearest Neighbor Summary 
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The average nearest neighbor summary of the point pattern analysis of the 

petrol filling stations in Damaturu metropolis is shown in figure 9. 

Average Nearest Neighbor (ANN) Tools were used to calculate the distance 

between each feature and its nearest neighbor, then compute the average 

for all nearest neighbor distances and then compares the computed 

average distances to periodic ones that will be obtain if the points were 

randomly inside a circle within the same area. 

The result in the HTM output result under the result in the ANN tools shows 

that the filling stations are clustered. The numeric output in the ANN tool 

indicates that the filling stations are clustered. The result indicates 

statistically significant clustering. The result shows the nearest neighbor 

ratio of 0.504807, the Z-Score of -7.696222, and P value of 0.000000. Z-

Scores are standard deviation and can be plotted on a normal curve as 

shown in figure. The smaller the number, the further down on the tail of 

the normal curve the Z-Score falls. 

 

CONCLUSION AND RECOMMENDATION 

In this study, the spatial distribution patten of petrol filling stations in 

Damaturu metropolis was sucessfully generated from satellite imagery, 

geometrical and attribute data using ArcGIS software. Filling stations in 

Damaturu metropolis are conccentrated along the major road (high ways). 

The major road are Maiduguri road, Potiskum road, Gashua road, and 

Gujba road. These four roads account for 100% of the filling stations in the 

study area. The result revealed that the spatial distribution pattern is 

clustered. Even though most filling stations complies to the standard 

regarding distance from the road and public buildings specifically schools 

and hospitals, many stations did not meet the minimum distance of 400 

metre from other station. Some stations were observed lie back to back. 

This was observed along Maiduguri road. The most important feature of 

image based measurement is that none of the objects are being touched 

during measurement. However, with the emerging of modern technology 

such as Geoinformatics, this non-contact measurement can be used to 

produce the spatial distribution of facilities. The satellite imagery, 

geometrical and attribute data were used as input data in ArcGIS software. 
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The potentials of GIS technology in database design and creation has also 

been demonstrated and found to be more efficient than the manual 

approach. GIS is also a key in evaluating filling station facilities planning 

through providing spatial relationship information. 

Finally the paper conclude with the following recommendations. 

1. That there is need for more studies on filling station especially on 

issues related to site selection and optimazation. 

2. The distance of filling station to other public institution like mosque 

has not been consider by this study simply because they are too 

many in the study area: this can be area for future research. 

3. With regard to the compliance with standards discripancies were 

observed, as such regulatory agencies need to look into the issue and 

take appropriate measures. 

4. Finally, the use of GIS tecnology in planing, management and 

decision making on filling station facilities should be encouraged for 

optimal  location of the facilities for efficient service delivery and 

safety of the community. 
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