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Executive Summary 
 

Introduction: 
Development has set its eyes upon the rural Sri Lanka, and therefore it is absolutely 

necessary to account for the emissions that could stem from the rural development activities 
from the very beginning, since development that is not sustainable encourages emissions. The 
most essential requirement of rural development, as it is perceived by the rural community, 
the political leadership and by the donors, is the rural road structure.  

Of the 108,000 km Sri Lankan road network, 64,700 km are rural roads, which give the 
rural communities access to provincial roads and national highways, have low traffic volumes, 
and in general are constructed with gravel surfaces. The Ministry of Highways statistics shows 
that about 600 km of rural roads were developed in 2004, the year in which the “Maga 
Neguma” rural road development programme was launched by the Government of Sri Lanka, 
and another 1100 km of roads have been developed since then. The “Maga Neguma” 
programme aims to improve yet another 2000 km of rural roads within this year, at a total 
cost of Rs 1.8 billions.  

Greenhouse gas emissions are part and parcel of a rural road, as it is with any other road. 
Most of the emissions stems from the vehicular use on the rural roads as well as from the 
vehicles, such as tractors, tippers and trucks, used in the transport of materials required to 
construct the rural road from places where the materials are available to the road site. 
Emissions also stems from rollers and excavators that are used at the road site during its 
construction.   

Burning of the fossil fuel in the engines of these vehicles produce CO2 and other GHGs, 
such as methane, nitrous oxide and water vapour. Even though these gases have a greater 
potential to warm up the globe than the equal amount of CO2, the quantity of CO2 produced 
during the combustion of fossil fuels is much greater than the other gases produced. 
Therefore, the other GHGs produced by the combustion are ignored and only the CO2 
emissions stemming from the vehicles used during and after the construction of the rural 
roads are calculated. Also, compete combustion of the fuel in the engines are assumed.  

Of the rural roads considered in this case study, the Mukalangama road in Nikaweratiya, 
the Wellaodara road in Ranna, Tangalle, and the Mosque road in Kirinda are gravel-surfaced 
roads. The Tittawalgolla road in Dambulla is the “metalling and tarring”-type rural road. The 
Kandewatta road in Atipola, Matale and the Hummanaya road in Dickwella Southa are cement-
concrete rural roads.  

 

Key Messages: 
Socio-economic status:  

The socio-economic survey carried out among the villagers using the rural roads 
considered in this study confirmed that the villagers, of course, gain better access to schools, 
hospitals, markets, public offices, and transport with a properly constructed rural road than 
without it. However, the mobility and the accessibility gained by the villagers owing to the 
road constructed, as it is revealed by the survey, do not by default imply that the socio-
economic status of their lives would improve. For instance, electricity supply, water supply and 
communication facilities do not improve because there is a road.  

The survey also revealed the crucial fact that almost all the villagers find in difficult to 
secure themselves a job regardless of the condition of the road they use. It means that, in 
contrary to our beliefs, an improved rural road seems to have little influence on the job 
opportunities for the people living by the road. However, the survey revealed that an improved 
rural road does make the people using the road feel good about their lives even though it may 
not at all contribute towards the people’s ability to find jobs, which is a fundamental right of a 
human. One thing many of the villagers interviewed liked about a rural road being constructed 
is that they get to be employed in the making of the road. Some of the villagers also want the 
road to be upgraded mainly because it would bring the much needed cash to their homes by 
being employed in improving the road.  
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About 40% of the 129 families surveyed do not even own bicycles despite the great 
distances that they must travel on foot to get access to schools and other essentials of life. 
They also said that they would not be able to afford a bicycle regardless of the condition of the 
road. Three wheelers are owned by 4 families and motorcycles are owned by 10 families out of 
the total 129 surveyed. No family surveyed owned a car or a van. The number of families that 
owns a truck or a lorry is 3 out of 129. Just one family out of the 129 owns a land master.  
 
Emissions from the vehicular use on rural roads:  

The minimum CO2 emissions stemming from the vehicular use on the rural roads studied 
is 1.48 kg CO2 per km of rural road per day in the case of Kandewatta road in Atipola. It is 
perhaps due to the fact that a footpath on a hilly terrain has been converted into a rural road 
only recently. Besides, there is no indication of any development activities that would take 
place in this area in the near future. It is a typical Sri Lankan village on a hill that the time has 
forgotten. It is therefore highly likely that the CO2 emissions would remain nearly the same 
well into the future for this rural road. Thus, we take 1.48 kg CO2 per km of rural road per day 
as the minimum CO2 emissions to be expected from the rural road sector in Sri Lanka.           

Mosque rural road in Kirinda has the highest cumulative emissions, 17.11 kg CO2 per km 
of rural road per day, of the roads studied. It may be because the construction of the rural 
road is still underway, and because the terrain is flat and the earth road is already in place. 
Besides, it is a fast developing area with a number of Tsunami housing projects carried out by 
a number of International NGOs located at walking distances from each other. And, many 
families have been brought into this area from outside under the Tsunami-affected families 
relocation schemes.  We could therefore take 17.11 kg CO2 per km per day as the maximum 
possible emissions that may be expected from the rural road sector in Sri Lanka.  

Extending the above numbers to the entire 64,700 km of rural roads in Sri Lanka, it could 
be said that the emissions from rural road sector may lie in the range of 35 to 400 kt CO2 per 
year, which is about 0.6 to 7.4% of the CO2 emissions stemming from the entire transport 
sector in Sri Lanka. Owing to the low socio-economic status of the rural community, 
motorcycles and three wheelers, with their high fuel economies, and bicycles are the most 
popular mode of transport on the rural roads. Since the construction of rural roads only 
marginally affects the socio-economic status of the rural community, it is highly unlikely that 
the vehicular emissions from the rural road sector may experience a significant change in the 
near future.   

 
Emissions from the construction of rural roads:  

Emissions stemming from the construction activities at the road site covers emissions from 
the machine excavation of soil at the road site and from the compaction of the road surface 
using road rollers. It also covers emissions from haulage of material, such as soil, gravel, 
aggregate and cement, to the road site using vehicles and from the supply of material such as 
timber and polythene membranes. Emissions from the transport of machineries, such as road 
rollers and excavators, to and from the road site are also included in the cumulative emissions 
calculated within the boundaries of the rural road construction.  

Since the construction of the road is responsible for the emissions stemming from the 
excavation of the gravel, crusher production of the stone aggregates and production of the 
cement required for the construction of the road concerned, the emissions from these 
activities, known as leakages, must be added to obtain the total emissions from the road 
construction activities.   

The tabulated values below summarises the emissions calculated for five roads considered 
in this study. Leakages are larger for the concrete roads than for the “metalling and tarring” 
roads. It is because of the amounts of cement required to make the concrete roads. Leakages 
are insignificantly small for the gravel roads in comparison with the other types of roads. It 
could also be derived from the tabulated values below that, in the cases of the concrete and 
the “metalling and tarring” roads, emissions from the leakages, falling in the range of 84 to 
93% of the total emissions, far outweigh the emissions from the activities directly involved in 
the road making.   
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CO2 emissions stemming from the different activities related to the rural road construction. 
 

 Road name and location 
Kandewatta 

road, 
Atipola 

Tittawalgolla 
road, 

Dambulla 

Wellaodara 
road, 
Ranna 

Mosque 
road, 

Kirinda 

Hummanaya 
road, 

Dickwella 
South 

Road type  
Concrete 

(Mass C15) 
“Metalling 

and tarring” 
Gravel Gravel 

Concrete 
(Grade C20) 

Length of the road (in km)  0.48 1.00 1.30 1.60 0.26 
Total cost of the road 
constructed  
(in thousands of Rs) 

870 1000 1229.5 1152.7 693.6 

Cumulative emissions from 
the construction activities per 
km of the road constructed 
(in metric tons CO2/km) 

3.15 1.78 5.28 5.06 10.19 

Cumulative emissions from 
the leakages per km of the 
road constructed 
(in metric tons CO2/km) 

43.52 9.19 0.51 0.50 92.78 

Total Emissions per km of 
the road constructed  
(in metric tons CO2 /km) 

46.6 11 5.8 5.6 103 

Total emissions per Rs 
1000/= spent in 
constructing the road  
(in kg CO2 per Rs 1000/=) 

25.7 11 6.1 7.7 38.6 

 
 

This study reveals that the gravel road has the lowest total emissions per km of the road 
constructed, which is about 5.7 metric tons of CO2 per km of the road constructed. The 
“metalling and tarring” road emits twice as much as the gravel road, and the concrete road 
emits 10 to 20 times more CO2 than what the gravel road emits. Of the two types of concrete 
roads studied, the 100 mm thick road made up of Grade 20 cement-concrete emits twice as 
much as the 54 mm thick road made up of Mass C15 cement-concrete.  

 
Baseline and Additionalities:  

When considering factors such as emissions per km of the road constructed, emissions per 
Rs spent in the construction of the roads and the cost of construction per km of the road, it is 
the gravel road that has the lowest among all types of rural roads studied. It is also the most 
prevalent rural road in Sri Lanka. It is therefore gravel road is chosen as the baseline scenario 
for the four roads studied, except for the Kandewatta rural road. These four roads are 
constructed on flat lands that receives moderate amount of rain, and therefore the material 
wastage from the road surface may be considered low. In case of the Kandewatta rural road, 
which is constructed for the use of the economically disadvantaged group of people living in 
the hilly slopes of Atipola receiving heavy rains, the most likely baseline scenario could be no 
road at all. 

The additionalities are calculated for the five cases studies as the difference between the 
emissions from the project activity and the emissions from the corresponding baseline 
scenario, as tabulated below. The positive and near zero values of the additionalities, shown in 
the last column of the table below, reveal that none of the cases studied qualifies for Clean 
Development Mechanism (CDM) project.  

Nevertheless, when considering the fact that there is much enthusiasm among the rural 
road building communities as well as among the politicians to use cement-concrete to build 
the rural roads, this study points out that the gravel and the “metalling and tarring” roads 
have immense opportunities for CDM projects when the much celebrated companion, the 
concrete road, becomes the baseline scenario, which will soon be the case.    
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Additionality estimated for the five rural roads studied. 
 

 Emissions from the 
project activity 

(metric tons CO2 
per km of the road 

constructed) 

Emissions from the 
baseline scenario 

(metric tons CO2 per 
km of the road 
constructed) 

Additionality 
(metric tons CO2 

per km of the 
road constructed) 

Kandewatta road, Atipola 46.6 0 (for no road) 46.6 
Tittawalgolla road, Dambulla 11 5.7 (for gravel road) 5.3 
Wellaodara road, Ranna 5.8 5.7 (for gravel road) 0.1 
Mosque road, Kirinda 5.6 5.7 (for gravel road) -0.1 
Hummanaya road,  
Dickwella South 

103 5.7 (for gravel road) 97.3 

 
 

Recommendations 
The emissions from the concrete roads are high mainly because of the use of cement in 

the concrete mixture, since each tonne of cement produced emits a total of 0.8 tonne of CO2 
into the atmosphere. Despite the heavy CO2 emissions stemming from the construction of the 
concrete roads, concrete rural roads are preferred owing to its durability which requires very 
low maintenance. However, use of cement-concrete for road construction must be discouraged 
since the manufacture of the trendy Portland cement will soon be responsible for 10% of 
global GHG emissions.  

Gravel roads, regardless of its low cost of construction and low emissions during 
construction, are not sustainable because of its unsealed surface. Apart from the dust problem 
associated with the gravel road with unsealed surface, a considerable amount of gravel is lost 
from the road surface due to the action of traffic and rainfall. Annual rates of gravel loss are 
estimated to exceed 5 cm of surface thickness. With the continuous use of gravelling and re-
gravelling rural roads, it is feared that the hauling distances of gravel would increase making 
gravel roads unaffordable to the rural communities. As of late, much concerns have been 
raised about the sustainability of the extensive use of gravel, a non-renewable resource, for 
rural road construction.  

It is therefore essential that if one chooses to make a gravel road, then steps must be 
taken to seal its surface. I would also recommend “metalling and tarring” road whose cost of 
construction and the emissions from the construction are only slightly larger than that of the 
gravel road. Moreover, the sealed surface of these roads prevents material loss. In comparison 
to the concrete rural roads, that perhaps would be the future of rural roads in Sri Lanka owing 
to its much celebrated durability, the “metalling and tarring” road has a doubtless opportunity 
as a CDM project.     

Innovative approaches to rural road construction, such as stabilization of local soils by 
lime, cement and bitumen emulsions, bamboo-reinforced concrete, clay bricks fired using rice 
husks as fuel, and stone surfacing are also considered as options for rural road constructions 
in Vietnam and elsewhere. Use of geopolymeric cement in place of Portland cement could also 
be considered if the economy works out favourably. Sri Lanka could and should look into these 
alternatives, known as green rural road technology, to the conventional rural road construction 
technologies from the emissions and costs point of views. This step is urgent chiefly owing to 
the rural development initiative that has come to the forefront of the political agenda.   
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1. Development of Rural Road Schemes in Sri Lanka  
 
1.1 Background 

Sri Lanka has a road network of about 108,000 km, comprising about 11,700 km of 
national highways, 15,500 km of provincial roads, 64,700 km of local authority roads and 
16,300 km of roads under the ownership of control irrigation, wildlife and land 
development authorities1. The national highways are the roads classified A and B, and the 
construction and the maintenance of these roads are the responsibility of the Road 
Development Authority (RDA). The provincial roads are the roads classified C, D and E, 
and they are the responsibility of the provincial councils. The roads come under the 
purview of the local authorities (the Pradeshiya Sabhas) are the minor roads, generally 
known as the rural or village access roads. Table 1.1 shows the total length of the rural 
roads in each of the eight provinces that make up Sri Lanka.  

 
Table 1.1 Total length of the rural roads in the provinces of Sri Lanka2. 

 

Province Western 
North and 

East 
Southern Central Sabaragamuwa 

North 
Central 

Uva 
North 

Western 
Length,  
in km 

11295 10210 9484 8283 8201 7253 5485 4447 

 
Rural roads, which give the rural communities access to provincial roads and national 

highways, have low traffic volumes, and in general are constructed with gravel surfaces. 
Traditionally, rural roads are considered essential in providing the agricultural and other 
products of the rural communities access to the markets, and thereby in improving the 
socio-economic status of these communities. Today, access to well-equipped schools, 
employment opportunities, quality medical facilities and other conveniences in the urban 
settings have also become essential requirements of the rural communities, mainly owing 
to the narrowing of the gap between the aspirations of the urban and the rural 
communities. Thus, the need for rural roads are more pronounced today than ever in the 
past. 

 The rural roads, however, has remained the worst funded and least attended roads 
in Sri Lanka, despite over 70% of Sri Lanka’s population living in rural areas3. This is 
because the Pradeshiya Sabhas, which are the state administrative institutions that are 
closest to the rural communities, in general, are poorly funded by the State. The 
Pradeshiya Sabhas not only lack the funds required to construct and maintain the rural 
roads, they also lack skilled personals to undertake such tasks, unlike in the case of RDA 
constructing the A and B roads.  

It is therefore the rural roads are in general constructed using low cost technology 
with the participation of the community that would benefit from the construction and the 
maintenance of the rural road concerned. Sri Lanka has been well aware of the use of 
community-based, labour-intensive, low-cost rural road construction methods for a few 
decades now4. Labour-based rural road construction method is defined by the 

                                                 
1 The Democratic Socialist Republic of Sri Lanka and The Asian Development Bank. “Memorandum of 
Understanding of the Appraisal Mission for the Proposed National Highways Sector Project.” 29 Aug – 07 
Sept 2005.   
2 Source: Ministry of Highways 
3 Sri Lanka Institute of Local Governance, The International Labour Organization, and The Intermediate 
Technology Development Group. “Sri Lanka Training Needs Assessment for Rural Roads Construction 
and Maintenance.” July 2004.  
4 Mallawaratchie, D.P. “Earth & Gravel Roads: Labour-Intensive Methods.”  Presented at Hambantota 
Integrated Rural Development Programme (IRDP) Workshop on “Labour Intensive Methods of Earth & 
Gravel Roads”. November 1990. 
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International Labour Organization as “the construction technology which, while 
maintaining cost competitiveness and acceptable engineering quality standards, 
maximizes opportunities for the employment of skilled and unskilled labour together with 
the support of light equipment and with the utilization of locally available material and 
resources”5.    

The role of Non-Governmental Organizations (NGOs) in enhancing the use of labour-
based rural road construction technology in Sri Lanka is noteworthy. The contribution of 
Practical Action, Intermediate Technology Development Group (ITDG), is commendable in 
this regard. At present, the RDA 
has also been assisting the rural 
communities in constructing the 
rural roads using the labour-
based technology, under the 
“Maga Neguma” rural road 
development programme 
initiated in 2004 under the 
leadership of the then Prime 
Minister Mahinda Rajapakshe 
when he was holding the 
Ministry of Highways.   

As of late, rural 
development, inclusive of rural 
infrastructure, has moved to the 
main agenda of Sri Lankan 
politics. The Ministry of 
Highways statistics shows that 
about 600 km of rural roads was developed in 2004, the year in which the “Maga 
Neguma” programme was launched by the Government of Sri Lanka, and another 1100 
km of roads have been developed since then. At present, the Government has decided to 
allocate Rs 2.5 millions for each Member of Parliament and Members of Provincial councils 
to expedite the second phase of the “Maga Neguma” rural road development programme 
aiming to improve yet another 2000 km of rural roads within this year, at a total cost of 
Rs 1.8 billions6.  

Rural road development is seen as an essential step towards Sri Lanka attaining the 
Millennium Development Goals by the Millennium Challenge Account which has pledged to 
aid Sri Lanka with 120 million US$ out of the 140 million US$ required to rehabilitate 
19330 km of rural roads during 2005-20087. The World Bank has committed 11.04 
million US$ aid to Sri Lanka for the maintenance and rehabilitation of 635 km of rural 
roads.8 The benefits of investing money in the rural road sector are seen by the 
Millennium Challenge Account as large savings in time and cost of transport, opening of 
new areas to commercial production, and expanding production of high value, perishable 
or time-sensitive products. World Bank puts its money on rural road development since it 
sees that the rural road will pave the way to economic development opportunities for the 
rural poor, thereby help alleviate poverty in Sri Lanka.          

                                                 
5 Johannessen, B. “Labour-based Road Construction Methods: Technical Manual.” First Edition. Vientiane, 
August 1997. Retrieved from http://www.iloasist.org/Downloads/tmlbt.pdf 
6 Daily News Online. “Rs. 2.5 million per MP, PC to Accelerate Maga Neguma.” Retrieved from 
http://www. dailynews.lk/2006/03/07/news15.asp   
7 Department of Development Finance. “Sri Lanka. Millennium Challenge Account (Compact of 
Proposals).” 12th July 2005. Retrieved from http://www.treasury.gov.lk/FPPFM/ddf/programs.htm  
8 World Bank. “Sri Lanka - Road Sector Assistance Project, Vol 1 of 1 - Project Appraisal Document.” Nov 
16, 2005. Report No: 32342-LK.    
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It is therefore obvious that economical development is moving to the rural Sri Lanka, 
as it should. However, since the economical development path chosen by the world today 
is laden with carbon dioxide emissions9, it is imperative to explore the greenhouse gas 
(GHG) emissions potential of the projects designed to yield the rural people the capacity 
required to take them out of the misery of economical deprivation, with the view of 
reducing the GHG emissions from the onset. This project initiated by the Practical Action, 
ITDG is timely in exploring the sustainability, the balancing act of economy, equity and 
environment, of the rural road development schemes of Sri Lanka. 

 
 

1.2 Rural Road Development Schemes  
 

1.2.1 Earth Roads  
Earth roads have traditionally been footpaths converted into roads over a number of 

years with the soil available in the vicinity. In a labour-intensive, engineered earth road 
construction, the construction begins with manual clearing of the bush and sometimes 
cutting down of trees, though cutting down trees is avoided wherever possible by 
deviating from the existing footpath. Clearing vegetation is followed by the removal of 
boulders if there is any on the intended road. If the topsoil at the road site has a depth of 
10-15 cm, organic and much lower in strength than the soil below, it has to be removed 
as well. But in most cases, such as agricultural lands, topsoil is already eroded and thus 
removal of topsoil in not needed. The above activities are followed by earthworks, which 
basically involve manually digging the drains and using the material to build up the 
camber.  

If the area is flat with poor drainage then there is a need for embankment 
construction, which requires large amounts of fill material, which is preferably excavated 
from around the construction site and transported to the road site by baskets and 
wheelbarrows. However, if that is not possible for 
some reason or the other, then the fill material 
must be hauled from some other locations, 
preferably within 5 km radius from the road site, 
by fossil fuel consuming vehicles, such as 
tractors, tippers and trucks. The emissions 
stemming from such haulages can be one of the 
strong sources of greenhouse gas emissions in 
the earth road construction, as could be seen in 
Section 2.1.         

The fill material brought to the road surface is 
first manually spread on the platform, and is then 
compacted choosing from a range of compaction 
techniques and equipment available10. The 
thickness of each fill material layer to be 
compacted depends on the method and 
equipment used for compaction. When 
compacting with the 5-ton vibration roller, for 
instance, the thickness of the layer to be 
compacted should be in the range of 150 to 200 

                                                 
9 Shanthini, R. 2006 “Carbon Dioxide Emissions Laden Economic and Human Development, Will it go 
away making room for Sustainable Development.” Published in the Proceedings (CDROM) of the 
International Conference on Energy for Sustainable Development, held in Phuket, Thailand during March 
01-03, 2006. 
10 International Focus Group on Rural Road Engineering. “Engineered Earth Road.” Retrieved from 
http://www.ifgworld.org/subsites/documents/ 
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mm. If the surface of any layer is dry during compaction, it should be wetted lightly 
before the next layer is placed on it. Proper compaction of different layers of soils during 
the road construction is a must to reduce deformation of the road due to settlements of 
its various layers. Construction of proper drainage system, inclusive of road surface 
drainage, side drains and mitre drains, catch-water drains, scour checks, culverts, 
bridges and drifts11, is crucial for an earth road since water can easily damage the earth 
road by washing away the soil or by making the road loose its road bearing capacity.    

Earth roads may be the lowest cost rural roads both in terms of the construction and 
the maintenance, and they can withstand up to 50 vehicles per day. The people using the 
earth road can repair it themselves when required. However, earth roads generate a lot 
of dust during the dry season, and it is almost impossible to protect an earth road on a 
hilly terrain from being washed away by heavy rain. Besides, poorly constructed or badly 
maintained earth roads and earth roads during the rainy season considerably slow down 
the vehicular traffic. It may even take about 15 to 20 minutes for a vehicle on an earth 
road to traverse even a single kilometre, thus making the vehicles burn more fossil fuel 
than necessary. Therefore, a poorly maintained earth road contributes towards 
unnecessary increase in the GHG emissions.  
 
 
1.2.2 Gravel Roads  

When an earth road received a topping of selected gravely soil, it was referred to as a 
gravel road in the past. Presently, however, gravel road construction is considered an 
improved stage of the earth road. Gravel surfacing of the earth road is to be made with 
the well graded gravely soil having a California Bearing Ratio (CBR) of 20% or more for a 
well-made gravel road. If the subgrade soil type is silty and sandy clays then there must 

be an intermediate layer of gravel surface of 
about 75 mm thickness. If the subgrade soil type 
is heavy clays and silts then the intermediate 
layer shall be of 150 mm thickness. The CBR of 
the intermediate layer for gravel surfaces shall be 
8% or more. Gravelly and sandy soil and clayey 
sands types of subgrade soils of course require no 
intermediate layer of gravel surface. Proper 
compaction of different layers of soils during the 
road construction is a must to reduce deformation 
of the road due to settlements of its various 
layers.  

The maintenance cost of a gravel could be as 
little as Rs 10,000/= per km per year, provided 
that even a small deformation of the road is 
attended to without delay. Maintenance of a 
gravel road is very simple and the villagers 
themselves can attend to that. A well-made gravel 
road needs no maintenance for a year in dry 
weather and for 6 months in wet weather. 

Gravel road shall be taken as the baseline 
scenario for rural road construction since 90% of 

all rural roads in Sri Lanka are gravel roads, and since the rural people definitely need an 
affordable, easily maintainable road to improve the quality of their lives. Gravel roads can 
withstand the load of 50 to 150 vehicles per day. However, dust generated by traffic and 
wind, to a lesser extent, from a gravel road in dry weather is a problem for the people 

                                                 
11 Johannessen, B. “Labour-based Road Construction Methods: Technical Manual.” First Edition. 
Vientiane, August 1997. Retrieved from http://www.iloasist.org/Downloads/tmlbt.pdf 
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living by it or for those using it. Besides, a considerable amount of gravel is lost from the 
unsealed surface of the gravel roads due to the action of traffic and rainfall. Annual rates 
of gravel loss are estimated to exceed 5 cm of surface thickness12. With the continuous 
use of gravelling and re-gravelling rural roads, it is feared that the hauling distances of 
gravel would increase making gravel roads unaffordable to the rural communities. As of 
late, much concerns have been raised about the sustainability of the extensive use of 
gravel, a non-renewable resource, for rural road construction.  

 
 

1.2.3 Bitumen-primed Gravel Roads  
Bitumen-primed gravel roads are well-compacted gravel roads, and the carriage way 

surfaces of which are wetted to obtain better penetration and then cutback bitumen is 
applied on the wet surface as the binder. The cutback bitumen binder is prepared in-situ 
by adding 20-30% kerosene to heated bitumen. In general, 1.5 to 2.5 litres of bitumen 
binder is needed per square meter of the road. Sand or stone clippings is applied to the 
bitumen surface about 15-30 minutes after the binder application.  

Nowadays, the cutback bitumen is replaced by the penetration grade bitumen, which 
varies between 80/100 to approximately 700 penetration. These bitumen types must still 
be heated to about 160 to165oC at the construction site before application. Alternatively, 
slow settling bitumen emulsion designated CSS can be applied cold at a rate of 2 litres 
per square meter to prime the gravel road. After two days, the rapidly settling bitumen 
emulsion designated CRS is applied on the surface at a rate of 0.75 litre per square meter 
and sand or stone clippings sealing follows. The CRS bitumen layer is necessary on rural 
roads having steep gradient or poor surface drainage or in cases where only minimum 
local maintenance is available.  

The bitumen binder acts as a waterproofing layer preventing the entry of surface 
water into the road structure. The sand or stone clippings application on bitumen protects 
the bitumen film from damage by vehicle tyres and helps in forming a durable, skid 
resistant and dust free wearing surface. A correctly designed and constructed surface 
dressing should last at least 5 years and longer on lightly trafficked roads, before 
resealing with another surface dressing becomes necessary13. 

The advantage of having a bitumen-primed and sand (or stone clippings) sealed 
gravel road over the unsealed earth or gravel road lies in preventing the road from 
developing poor traffickability and passability problems on sections of earth/gravel roads 
due to (i) the level or type of traffic causing rutting and deformation of soils, (ii) slippery 
soils in wet conditions, (iii) slow moving traffic on steep gradients causing deformation of 
soils, and (iv) rain causing weakening of soils or slippery conditions/poor traction. 
Besides, bitumen sealing prevents unnecessary loss of gravel, a non-renewable resource, 
from the roads.  

   
 

1.2.4 “Metalling and Tarring” Roads 
Traditionally, an existing earth or a gravel road is converted to a “metalling and 

tarring” road by topping the earth/gravel road with an aggregate base surfaced with 
bitumen application and sand binding, without much consideration for the type and 
compaction of the soil layers considered. It was an ad-hoc procedure which led the road 
ending up with uneven surfaces over years of use and owing to the rain damaging the 
weak top surface.  

                                                 
12 Gourley, C., Greening, A. Jones, D. and Petts, R. “Paving the Way for Rural Development & Poverty 
Reduction.” 20th Conference of ASEAN Federation of Engineering Organisations. Phnom Penh, Cambodia, 
2 – 4 September 2002.    
13 International Focus Group on Rural Road Engineering. “Provision of Surface Dressing (labour based).” 
Retrieved from http://www.ifgworld.org/subsites/documents/ 
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The “metalling and tarring” road construction today emphasizes on the selection of 
suitable soils and compaction of such soil layers in forming the road, and also for the 
construction of suitable sub-bases. For a strong subgrade condition, two spreads of 1.5” 
(37.5 mm) aggregates are used to form the sub-base. For a weak subgrade condition, 

the two spreads of 1.5” aggregates are placed on 
a single spread of 4” (100 mm) broken rock base. 
In both cases, the aggregate spreads are 
compacted, the former into a total thickness of 75 
mm and the latter into 150 mm. The surface is 
then choked with ¾” (19 mm) key aggregate, 
onto which first the bitumen and then the sand 
are applied.        

These roads, when properly made, can handle 
a traffic between 150 to 300 vehicle per day. It 
costs about Rs 500,000/= per 350 m of rural road 
if the subgrade soil is weak, and about Rs 
500,000/= per 500 m of rural road if the 
subgrade soil is strong. The dust problem 
generated by the earth or gravel roads is solved in 
the “metalling and tarring” road. And these roads 
may require low maintenance. Nevertheless, the 
biggest problem with this type of road is that the 
villagers can’t themselves attend to the 
maintenance of a “metalling and tarring” road if 
the necessity arises owing to the construction of 
aggregate base and the bitumen application.  

 
 

1.2.5 Concrete Roads  
The latest addition to the rural road 

development schemes practised in Sri Lanka is 
the concrete road. It is a concrete surface made 
up of 1:2:4 mixture of cement, sand and 20 mm 
aggregates, respectively, and water. This mixture 
designated as Grade C20 gives a 28-day strength 
of 20 MPa. Concrete made with the ratio 1:3:6 
(designated Mass C15 which gives 15 MPa 
strength) is also common. The concrete mixture is 
layered on a polythene layer placed on a 
compacted broken rock base or on compacted 
earth/gravel.  

Concrete road costs about Rs 300,000 per 100 
m of the road with a 3 m carriage way width, 
which is therefore the most expensive type of 
rural road out of the five types rural roads 
prevalent in Sri Lanka. It is 6 times more 
expensive than the gravel road and about 2 to 3 
times more expensive than the “metalling and 
tarring” road. Despite the high initial cost of the 
concrete road, it is preferred because the 
maintenance costs of concrete roads are very low 
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or nonexistent, and the service life is estimated at more than 40 years14. Also, 
construction of a concrete road uses local skills. Concrete roads are reliable way to 
ensure durable roads on a hilly terrain. However, concrete roads are built on flat terrains 
as well owing purely to the durability of the concrete roads without maintenance for a 
considerably long period.  

Concrete roads made with 300 mm thick concrete layer in case of manual compaction 
can handle a load of 200 vehicles per day (vpd) or more inclusive of moderately heavy 
vehicles. In cases where the load on the road is expected to be much less than 200 vpd 
and it excludes heavy vehicles, then the concrete road is made with a 100 mm thick 
concrete layer or with less than 100 mm thick concrete surfacing on a 100 mm thick 
aggregate or gravel layer, as practiced in Sri Lanka.  

It is noteworthy that the President of Sri Lanka had announced, on the occasion of 
the inauguration of the second phase of the “Maga Neguma” rural road development 
programme held in March 2006, that he planned to develop more rural roads using 
concrete as recommended by the late Dr. A.N.S. Kulasinghe15. Concrete roads use 
cement, and manufacture of cement is one of the heavy GHG emissions sources. Cement 
production creates CO2 is two ways: by the conversion of calcium carbonate to calcium 
oxide inside the kilns, and by burning large quantities of fossil fuels to heat the kilns to 
the 1450oC necessary for roasting limestone. Cement kilns therefore estimated to 
contribute more to the World’s output of carbon dioxide than aircraft, and could soon be 
responsible for 10% of all emissions of GHGs16. Thus, increased use of cement-concrete 
in constructing rural roads considerably enhances GHG emissions from the rural road 
sector, as the calculations carried out in Section 2.5 will reveal.    

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                 
14 Fuchs, F. and Sion, P. “Rural Roads in Cement Concrete: A technique that can be adapted to developing 
regions.”  Appeared in pages 291-297 of Transportation Research Record N1106, Fourth International 
Conference on Low-Volume Roads, Volume 2, 1987. Published by Transportation Research Board, USA.  
15 Wijayapala, R. “Urgent action to tackle COL.” Daily News.lk, Monday 20th March 2006. 
16 Scientific Press. “The Concrete Jungle Overheats: Estimates of carbon dioxide emissions from one of the 
world’s growth industries have been grossly underestimated.” New Scientist, 19 July 1997, page 14.  
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2. GHG emissions from the Construction of Rural Roads in 
General 

 
Greenhouse gas emissions are part and parcel of a rural road, as it is with any other 

road, during its construction and its vehicular use. During the construction of rural roads, 
vehicles, such as tractors, tippers and trucks, are used to transport materials required to 
construct the rural road from places where the materials are available. Vehicles, such as 
rollers, are used for compacting the material laid on the road being constructed. Burning 
of the fossil fuel in the engines of these vehicles produce CO2 and other GHGs, such as 
methane, nitrous oxide and water vapour. Even though these gases have a greater 
potential to warm up the globe than the equal amount of CO2, the quantity of CO2 
produced during the combustion of fossil fuels is much greater than the other gases 
produced. Therefore, we ignore the other GHGs produced by the combustion and 
calculate only the CO2 emissions stemming from the vehicles used during the 
construction of the rural roads. We also assume compete combustion of the fuel. 

 
 

2.1 Emissions from Earth Road Construction 
If the earth road requires no embankment or if the fill material for the embankment is 

obtained from the vicinity of the road being constructed then, as discussed in Section 
1.2.1, there will be no fill material transport to the road site, using diesel-burning 
vehicles from another location away from the road site. As a consequence, emissions 
stemming from the hauling of the material would be negligible. However, there would be 
emissions stemming from, say, the roller used for compacting the earth road.  

Suppose a 4-ton road roller of 1 m width is used for the compaction of the earth road 
that has a 3 m wide carriage way and 1 m wide shoulders on either side of the carriage 
way. The roller starts the compaction near one end of the road platform and compacts a 
1 m wide strip of the road moving the entire length of the road at a speed of 1 km per hr, 
burning about 1 litre of diesel per hour. On its 
return, it will compact another 1 m wide strip, half 
the width of which would overlap with the earlier 
already compacted strip. In this manner, the roller 
must traverse the length of the road at least 9 
times, along 9 different strips, to cover the entire 
width of the platform. A maximum of 8 passes are 
needed to properly compact 1 strip of the road.  

Thus, in compacting a 1 km long road with 5 
m wide platform, the roller must travel a total of 
72 (= 9 x 8 passes x 1 km per pass) km. The total 
time taken for the roller compaction is therefore 
72 (= 72 km / 1 km per hr) hrs, and the diesel 
required by the roller is about 72 (= 72 hr x 1 
litre per hr) litres. Since each litre of diesel upon 
combustion is known to release 2.75 kg CO2

17, the 
total CO2 emissions stemming from the 
compaction of the earth road using rollers would 
be about 198 kg CO2 per km of the earth road 
constructed. It is equivalent to 0.198 metric tons18 
CO2 per km of the road. 

                                                 
17 CO2 emissions factor data are obtained from “Mobile Combustion CO2 Emissions Calculation Tool”, 
June 2003 Version 1.2 by WRI_WBCSD GHG Protocol Initiative.  
18 1 metric ton = 1000 kg 
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For an earth road requiring fill material for the embankment (see Section 1.2.1) be 
transported from a distance, the emissions stemming from the haulage of fill material 
shall be calculated as follows. Let us assume an embankment of 0.8 m average height, 
which is the height of normal flood level plus 0.5 m. A road that is raised above the 
surrounding land should be wide enough for vehicles to pass without destroying the 
edges of the road. It is therefore, we consider the road to have a 5 m wide platform (3 m 
wide carriage way and 1 m wide shoulders on either side of the carriage way) and 1:3 
road side-slopes. The cross-sectional area of the road would then be 5.92 (= 5 x 0.8 + 2 
x ½ x 3 x 0.8 x 0.8) m2. Hence, the volume of the fill material required to construct a 1 
km long road with an embankment of 0.8 m average height throughout the length of the 
road would be 7992 (= 1.35 x 5.92 m2 x 1 km) m3, where 1.35 is taken as the bulking 
factor of the fill material.       

If the fill material is assumed to be transported by tippers (3 tons body weight) that 
carry 2.8 m3 of material per tipper, then the number of tipper volumes to be transported 
becomes 2855 (= 7992/2.8). If the material is assumed to be available at an average 
distance of 5 km from the road site, then the tipper makes a 10 km trip for each tipper 
volume of material. Suppose a diesel tipper with a fuel economy of 6 km/litre19 is used 
for hauling, assuming a CO2 emissions factor of 2.75 kg CO2 /litre of diesel20, we get the 
CO2 emissions from the tipper as 2.75/6 kg CO2 per km of the road travelled. The total 
CO2 emissions from the hauling of fill material would then be 13.09 (= 2855 x 10 km x 
2.75 / 6 kg of CO2 / km) metric tons CO2 per km length of the embankment constructed.   

Table 2.1 shows the CO2 emissions from the earth roads of different average 
embankment heights (denoted by H) throughout the 1 km length of the road. The 2nd row 
of Table 2.1 shows that hauling volumes of 4387.5 to 10800 m3 is required for H values 
in the range of 0.5 m to 1 m, respectively, and the 3rd row shows that the corresponding 
emissions ranges between 7.18 and 17.68 metric tons CO2 per km of earth road 
constructed. Sheet 1 of the Excel file annexed as Annex A is used to obtain the results 
tabulated in Table 2.1. 

When compared to the abovementioned amounts of emissions stemming from 
haulage, the 0.198 metric tons CO2 stemming from the compaction of the earth using 
rollers, calculated in the third paragraph of this section, is negligibly small. It is therefore 
we shall consider only the emissions from haulage in the future calculations of GHG 
emissions from rural road construction.  

 
Table 2.1 CO2 emissions from roads with the embankment of H m average height, 5 m 

platform width and 1:3 road side-slopes. 
 

Embankment Height, H m 1.00 0.90 0.80 0.70 0.60 0.50 
Volume of fill material 
hauled, m3 / km of road 

10800 9355.5 7992 6709.5 5508 4387.5 

CO2 emissions, metric tons 
CO2 / km of road  

17.68 15.32 13.09 10.99 9.02 7.18 

CO2 emissions, metric tons 
CO2 / 20 m of road  

0.354 0.306 0.262 0.220 0.180 0.144 

 
The numbers in Table 2.1 show very clearly why building of embankment is a costly 

affair both in terms of economy and the damage to the environment by emissions.  It is 
therefore, embankment should be avoided or minimized when possible by selecting an 
alignment following higher grounds. However, it is sometimes not possible at all to avoid 

                                                                                                                                                 
 
19 Fuel economy data are obtained from Table 2.2 of “Sustainable Transport options for Sri Lanka”, 
February 2003 by Joint UNDP/ World Bank Energy Sector Management Assistance Programme.  
20 CO2 emissions factor data are obtained from “Mobile Combustion CO2 Emissions Calculation Tool”, 
June 2003 Version 1.2 by WRI_WBCSD GHG Protocol Initiative.  
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embankment, especially in low, flat, agricultural land. In most real cases, the 
embankment takes different values at different cross-sections of the road. If we find the 
average embankment height for every 20 m length of the road constructed, then the 
corresponding emissions could be chosen from the last row of Table 2.1 and simply added 
together to get the emissions from the full length of the road constructed.  

 
 

2.2 Emissions from Gravel Road Construction 
 Table 2.2 shows the procedure for calculating the CO2 emitted in making a 1 km 

gravel road which has a carriage way width of 3 m. The total volume of gravel required 
depends on the quality of the subgrade soil as shown in the table. In Table 2.2, good to 
fair subgrade refers to gravely and sandy soil and clayey sands. Poor subgrade refers to 
silty and sandy clays, and very poor subgrade refers to heavy clays and silts21. In the 
calculations shown in Table 2.2, gravel is assumed to be transported by tippers that carry 
2.8 m3 of loose gravel per tipper. The gravel is assumed to be available at an average 
distance of 5 km from the road site, and thus a tipper makes a 10 km trip for each load 
of gravel. The CO2 emissions from the tipper is taken as 2.75/6 kg CO2 per km of the 
road travelled (see Section 2.1). Sheet 2 of the Excel file annexed as Annex A is used to 
obtain the results tabulated in Table 2.2.  

 
Table 2.2 CO2 emissions from the construction of 1 km gravel road with 3 m wide 

carriage way. 
 

 
Gravel road on a 

good to fair subgrade 
Gravel road on a poor 

subgrade 
Gravel road on a very 

poor subgrade 

Gravel required for 
the top layer 

(1.42 bulking factor) 
x (1 km long) x (3 m 

wide) x (100 mm 
thick) = 426 m3  

426 m3 426 m3 

Gravel required for 
the intermediate 
layer  

None 

(1.42 bulking factor) 
x (1 km long) x (3 m 

wide) x (75 mm 
thick) = 319.5 m3 

(1.42 bulking factor) 
x (1 km long) x (3 m 

wide) x (150 mm 
thick) = 639 m3 

Total gravel 
requirement 

426 m3 745.5 m3 1065 m3 

Tipper trips required 
to transport gravel  

(426 m3) /(2.8 m3 
per tipper)  

= 153 tipper trips  

(745.5 m3) /(2.8 m3 
per tipper)  

= 267 tipper trips  

(1065 m3) /(2.8 m3 
per tipper)  

= 381 tipper trips  
Total tipper km 
required to 
transport the gravel 
assuming gravel is 
available within 5 
km radius  

(153 tipper trips) x (2 
x 5 km distance 

travelled) = 1530 km   
  

(267 tipper trips) x (2 
x 5 km distance 

travelled) = 2670 km   
  

(381 tipper trips) x (2 
x 5 km distance 

travelled) = 3810 km   
  

CO2 emitted in 
transporting the 
gravel to the rural 
road construction 
site 

(1530 km) x (2.75/6 
kg CO2 per km) = 

0.70 metric tons CO2 

per km of gravel road 

(2670 km) x (2.75/6 
kg CO2 per km) = 

1.22 metric tons CO2 
per km of gravel road 

(3810 km) x (2.75/6 
kg CO2 per km) = 

1.75 metric tons CO2 

per km of gravel road 

 
The emissions calculated for the gravel haulage for roads with good to fair, poor and 

very poor subgrades are 0.70, 1.22 and 1.75 metric tons CO2 per km of gravel road 
constructed, respectively (see the last row of Table 2.2). If the terrain is such that an 
embankment is to be constructed using fill material brought from elsewhere, as in the 

                                                 
21 Senanayake, D.D. & Mallawaratchie, D.P. “Low volume rural roads in Sri Lanka.” Presented at the 
International Seminar on Rural Transportation. New Delhi, April 26-28, 1989.   
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case of the earth road discussed in Section 2.1, before commencing the construction of 
the gravel road, then the appropriate CO2 emissions from the construction of the 
embankment, calculated in Section 2.1, must be added to 0.70 metric tons CO2 emissions 
(for a gravel road of 3 m wide carriage way on a good to fair subgrade soil), to obtain the 
total CO2 emissions from the gravel road construction with an embankment. If an 
embankment of 5 m platform width, 1:3 road side-slopes and 0.8 m average height is 
assumed, then we get 13.79 (= 13.09 + 0.70) metric tons CO2 emissions per km of the 
gravel road with an embankment constructed.  

 
 

2.3 Emissions from Bitumen-primed Gravel Road Construction 
Bitumen-primed gravel road would emit at least the same amount of CO2 as was 

calculated in the case of the gravel road, as in Section 2.2. In addition, we need to 
evaluate the emissions from the vehicles that transport bitumen to the rural road site. 
Since bitumen originates from the Petroleum Refinery, Sapugaskanda, and since the rural 
roads are everywhere in the country, we shall use an average distance of 150 km for the 
transportation of bitumen from Sapugaskanda to the rural road site.  

The bitumen priming operation requires a first coating of 2.0 litres of bitumen and a 
second coating of 0.75 litres of bitumen per square meter of the road. It gives a total 
bitumen requirement of 8250 litres (= 2.75 litres per m2 x 1 km length x 3.0 m carriage 
way width) per km of the road constructed. Taking 140 litres of bitumen in a barrel, we 
require 59 barrels of bitumen. Since a large truck (15 ton body weight) could 
accommodate 30 barrels, the truck must make at least 2 trips to bring the bitumen 
required from Sapugaskanda to the road site. Since the truck must also make a trip, 
without the bitumen, to the Petroleum Refinery, the total distance travelled by the truck 
to transport bitumen shall be 600 (= 2 x 2 x 150) km. Assuming a diesel truck with the 
fuel economy of 3 litres per km transports the bitumen, the emissions is taken as 2.75/3 
kg CO2 per km, where 1 litre is assumed to release 2.75 kg CO2 upon combustion. The 
total CO2 emitted owing to bitumen transportation is therefore 0.55 (= 2.75/3 kg CO2 / 
km x 600 km) metric tons CO2 per km of bitumen-primed gravel road.  

Sand binding is applied to the bitumen surface to seal it at a rate of 1 m3 of sand per 
125 m2 of road. The sand requirement is therefore 24 (= 1/125 m3/m2 x 1 km long x 3.0 
m carriage way width) m3, which basically requires 9 (= 24 m3 / 2.8 m3 per tipper trip) 
tipper trips. The emissions would therefore be 0.04 (= 9 tipper trips x 2 x 5 km distance 
travelled x 2.75/6 kg CO2 per km) metric tons CO2 per km of the road constructed.  

To find the total emissions in constructing a bitumen-primed gravel road, we need to 
add the 0.55 metric tons CO2 (which is the emissions owing to bitumen haulage) and 
0.04 metric tons CO2 (which is the emissions owing to sand haulage) to the numerical 
values in the last row of Table 2.2 (emissions owing to gravel haulage to construct a 
platform of 3 m carriage width). As a result, we get 1.29, 1.82 and 2.34 metric tons CO2 
per km of bitumen-primed gravel road on good to fair, poor and very poor subgrade soils, 
respectively. Sheet 3 of the Excel file annexed as Annex A is used to obtain the results 
presented in this section.  

If an embankment of 0.8 m average height, 5.0 platform width and 1:3 road side 
slopes were necessary then the emissions would be 14.38 (= 0.55 + 0.04 + 13.79) 
metric tons CO2 per km of road constructed, where 13.79 metric tons CO2 was stemming 
from the construction of an embankment having 5 m wide platform, 0.8 m embankment 
height and 1:3 road-side slope as well as a 3 m wide gravel carriage way (see the last 
paragraph of Section 2.2).  

A leakage in the above calculation would be the GHG emissions resulting from the 
production of bitumen by the refining of crude oil, which is indeed a process with heavy 
GHG emissions. However, bitumen is only a by-product of the crude oil refining process 
to produce other essential fuels such as liquefied petroleum gas, kerosene, petrol, diesel, 
jet fuel and fuel oils, which are being produced at mass scale at the Sapugaskanda 
Petroleum Refinery and elsewhere. Crude oil refining will go on until the fossil-fuel age is 
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replaced by another sustainable energy source, which may not happen in a discernible 
scale in the foreseeable future. Therefore, it is not necessary to accommodate for this 
leakage in estimating the GHG emissions from the bitumen-primed gravel road.           

 
 

2.4 Emissions from “Metalling and Tarring” Road Construction 
“Metalling and tarring” road requires the same bitumen and sand surface finish as the 

bitumen-primed gravel road. The total emissions from transporting these two materials 
would therefore be the same as that was calculated in Section 2.3. In addition, the 
“metalling and tarring” road requires aggregate (see Section 1.2.4) to be transported to 
the road site as well. Table 2.3 
shows the calculation procedure 
adopted for the evaluation of the 
emissions associated with the 
haulage of aggregate required to 
the road sites with strong and 
weak subgrade soils, respectively. 
The emissions from aggregate 
haulage becomes 0.41 to 0.90 
metric tons CO2 per km of the 
road with 3.0 m carriage way 
constructed (see the last row of 
Table 2.3) for the strong and weak 
subgrade soils, respectively. Sheet 
4 of the Excel file annexed as 
Annex A is used to obtain the 
results presented in Table 2.3. 

 
 

Table 2.3 CO2 emissions from the construction of the aggregate layer for a 1 km 
“metalling and tarring” road with 3 m wide carriage way. 

 

 
On strong  

subgrade soil 
On weak  

subgrade soil 
100 mm aggregate required 

for the sub-base 
0 

(1 km long) x (3 m wide) x 
(100 mm) thick = 300 m3 

37.5 mm aggregate required 
for the sub-base 

(1 km long) x (3 m wide) x 
(2 x 37.5 mm thick) 

= 225 m3 
225 m3 

19 mm aggregate required 
for the top layer 

10% of 225 m3 = 22.5 m3 10% of 525 m3 = 22.5 m3 

Total aggregate requirement 247.5 m3 547.5 m3 
Tipper trips required to 

transport aggregate 
(247.5 m3) /(2.8 m3 per 
tipper) = 89 tipper trips 

(547.5 m3) /(2.8 m3 per 
tipper) = 196 tipper trips 

Total tipper km required to 
transport the aggregate 
assuming aggregate is 

available within 5 km radius 

(89 tipper trips) x (2 x 5 km 
distance travelled) 

= 890 km 

(196 tipper trips) x (2 x 5 km 
distance travelled) 

= 1960 km 

CO2 emitted in transporting 
the aggregate to the rural 

road construction site 

(890 km) x (2.75/6 kg CO2 
per km) = 0.41 metric tons 

CO2 per km of the road 

(1960 km) x (2.75/6 kg CO2 
per km) = 0.90 metric tons 

CO2 per km of the road 
 

Adding the emissions from the haulage of bitumen and sand (calculated in Section 
2.3) to the emissions from aggregate haulage, we get the total emissions as 1.00 to 1.49 
metric tons CO2 per km of the road constructed, for a site with strong and weak subgrade 
soils, respectively.  
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If an embankment of 0.8 m average height were necessary then the emissions would 
be 14.09 (= 1.00 + 13.09) metric tons CO2 per km of road constructed, where 13.09 
metric tons CO2 is stemming from the construction of 5 m wide embankment (see Section 
2.1).  

 
 

2.5 Emissions from Concrete Road Construction 
Table 2.4 shows the material requirement for 

the 2 classes of concrete that are used in the 
construction of concrete rural roads in Sri Lanka, as 
discussed in Section 1.2.5. The concrete road to be 
constructed is, say, 1 km long and 3 m wide. 
Concrete must be spread into layers of 300 mm 
thickness if it is to be manually compacted. The total 
concrete requirement is then 900 (= 1 km x 3 m x 
300 mm) m3. Table 2.5 shows the material 
requirement for the road calculated using the 
information provided in Table 2.4. Table 2.6 shows 
the calculation leading to the amount of CO2 
emissions resulting from the material haulage, 
which works out to be 12.8 to 16.7 metric tons of 
CO2 per km (see the last row of Table 2.6) of 
concrete road constructed, for Mass C15 and Grade 
C20 concrete mixtures, respectively. Sheet 5 of the 
Excel file annexed as Annex A is used to obtain the 
results presented in Tables 2.5 and 2.6.  

 
Table 2.4 Concrete mix designs22. 

 
Mix     

Design 
Batching with 50 kg bag of 

cement 
Material Required to make 1 m3 of 

concrete 
Class of 
Concrete 

No of Batching boxes 
of aggregate 

Concrete 
yield 

Cement Fine 
aggregate 

Coarse 
aggregate 

  

cement:  
fine:    

coarse 
Fine Coarse m3 bags-kg m3 m3 

Grade C20 1:2:4 2 4 0.16 6.0-300 0.42 0.84 

Mass C15 1:3:6 3 6 0.24 4.3-215 0.46 0.92 

 
Table 2.5 Material requirement for constructing 1 km (3 m wide) concrete road with 300 mm 

thickness for manual compaction. 
 

For Grade C20 For Mass C15 Material Requirement 
 
 

per 1 m3 of 
concrete 

per 900 m3 of 
concrete 

per 1 m3 of 
concrete 

per 900 m3 of 
concrete 

300 kg 270000 kg 215 kg 193500 kg 
Cement requirement  

6.0 bags 5400 bags 4.3 bags 3870 bags 

Fine aggregate requirement 0.42 m3 378 m3 0.46 m3 414 m3 

Coarse aggregate requirement 0.84 m3 756 m3 0.92 m3 828 m3 

                                                 
22 International Focus Group on Rural Road Engineering. “Concreting.” Retrieved from 
http://www.ifgworld.org/subsites/documents/ 
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Table 2.6 CO2 emissions from material haulage to the road construction site. 
 

 For Grade C20 For Mass C15 
Total truck trips required to haul 
cement assuming a truck load of  
100 bags  

5400 bags / 100 bags per 
truck trip  

= 54 truck trips 

3870 bags / 100 bags per 
truck trip  

= 39 truck trips 
Total truck km required to haul  
cement assuming an average 
hauling distance of 150 km  

54 truck trips x 2 x 150 km  
per truck trip  
= 16200 km 

39 truck trips x 2 x 150 km  
per truck trip  
= 11700 km 

CO2 emissions during cement haulage 
assuming 2.75/3 kg CO2 emissions  
per km of diesel-fuelled truck trip 

16200 km x 2.75/3 kg CO2   
per km travelled  

= 14.85 metric tons CO2 

11700 km x 2.75/3 kg CO2   
per km travelled  

= 10.73 metric tons CO2 
Tipper trips required to haul  
fine aggregate assuming a tipper  
load of 2.8 m3 

378 m3 / 2.8 m3 per tipper 
trip = 135 tipper trips 

414 m3 / 2.8 m3 per tipper 
trip = 148 tipper trips 

Tipper trips required to haul  
coarse aggregate assuming a tipper 
load of 2.8 m3 

756 m3 / 2.8 m3 per tipper 
trip = 270 tipper trips 

828 m3 / 2.8 m3 per tipper 
trip = 296 tipper trips 

Total tipper trips required to haul  
Aggregate  

135 + 270  
= 405 tipper trips 

148 + 296  
= 444 tipper trips 

Total tipper km required to haul 
aggregate assuming availability of 
aggregate within 5 km radius  

405 tipper trips x 2 x 5 km 
per tipper trip = 4050 km 

444 tipper trips x 2 x 5 km 
per tipper trip = 4440 km 

CO2 emissions during aggregate 
haulage assuming 0.458 kg CO2 
emissions per km of diesel-fuelled 
tipper trip 

4050 km x 2.75/6 kg CO2   
per km travelled  

= 1.86 metric tons CO2 

4440 km x 2.75/6 kg CO2   
per km travelled  

= 2.04 metric tons CO2 

Total CO2 emissions during material 
haulage  

16.71 metric tons CO2 12.76 metric tons CO2 

 
The leakage in the calculations would be the sizeable amount of CO2 emissions 

originating from the manufacture of cement itself. Since each metric ton of cement 
manufactured emits 0.8 metric tons CO2

23, calculating the CO2 emissions associated with 
the manufacture of the cement used in constructing the 1 km (3 m wide) concrete road 
gives the following: 216.0 (= 0.8 x 270000 kg of cement required) metric tons CO2 for 
Grade C20 concrete, and 154.8 (= 0.8 x 193500 kg of cement required) metric tons CO2 
for Mass C15 concrete. It is noteworthy that the emissions stemming from the leakage, 
which is the emissions from the manufacture of the cement required, is way above the 
emissions stemming from the project activity, which is material haulage. Adding the two 
gives 233 and 168 metric tons CO2 per km of the concrete road of Grade C20 and Mass 
C15, respectively.  

The above numerical values would have experienced a dramatic increase if we were 
to mechanically compact the concrete layer, since mechanical compaction requires that 
concrete be spread up to 700 mm24 thickness instead of the 300 mm thickness for 
manual compaction. The emissions would have then been 543 and 391 metric tons CO2 

per km of the concrete road of Grade C20 and Mass C15, respectively. It is possible that 
those who construct the road compromise on the above stipulated thickness, which would 
however be done only in the expense of the one and only positive feature of the concrete 
road, that is the durability of the road under the use of moderately heavy traffic. Sheet 5 

                                                 
23 Holcim. “Sustainable Development: Resources Utilization and CO2.” Retrieved from 
http://www.holcium.com/CORP/EN?oid/47529/module/gnm50/jsp/templates/editorial/editorial.html 
24 International Focus Group on Rural Road Engineering. “Concreting.” Retrieved from 
http://www.ifgworld.org/subsites/documents/ 
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of the Excel file attached as Annex A can be used to calculate the emissions for concrete 
layers of different thickness.   

Let us now suppose that the entire 2,000 km rural road under the second phase of 
the “Maga Neguma” rural road development programme is constructed using concrete, 
with a 300 mm concrete layer before manual compaction, then the total CO2 emissions 
stemming from this single activity would be 335 to 465 (=168 to 233 x 2000/1000) kt25 
for Mass C15 and Grade C20 concrete roads, respectively. These emissions figures are 
significantly huge when considering the fact they are equivalent to 66 to 92% of the total 
CO2 emissions from cement manufacturing in Sri Lanka in 2002, and 3 to 4% of Sri 
Lanka’s total CO2 emissions in 200226.  

Even in the case of a 100 mm thick concrete road made for light traffic of very low 
volume, the emissions stemming from the making of a 2000 km concrete road network 
would be equivalent to 22 to 31% of the total CO2 emissions from cement manufacturing 
in Sri Lanka in 2002. It is noteworthy that 2000 km of rural road is just 3.1% of the 
length of entire rural road system in Sri Lanka. Thus, one would seriously want to rethink 
the application of cement-concrete in making of the rural roads.  

 
 

2.6 Summary of the Emissions from Rural Road Construction 
Table 2.7 summarises the emissions calculated in Sections 2.1 to 2.5 for easy 

reference. Going through the data provided in this table, one could see that CO2 
emissions is considerably increased when an embankment is needed to make the rural 
road. Nevertheless, a road with an embankment still emits substantially less amount of 
CO2 than a very simple concrete road without an embankment. Most of the emissions 
accounted for in the making of a concrete road comes from the manufacture of cement 
itself owing to the type of cement that we extensively use today, and the type of process 
employed in the making of the cement.  

The major reason for preferring the concrete road of 100 mm to the other rural roads 
lies in the fact concrete roads could withstand the assault of heavy rain on it. If the 
concrete road concerned has to withstand moderate traffic intensity then it should be at 
least 300 mm thick, which would be considerably larger than the emissions stemming 
from a 100 mm thick concrete 
road.     

It therefore appears a well 
engineered earth road with an 
adequate embankment height to 
make the platform level at least 
0.5 m above the flood level along 
with a fully-fledged drainage 
system coupled with the “metalling 
and tarring” road surface must be 
a better solution than the concrete 
road from the GHG emissions point 
of view.  

However, it must be borne in 
mind that the crusher production 
process of stone aggregates used 

                                                 
25 1 kt = 1000 metric tons = 1000,000 kg 
26 Sri Lanka’s total CO2 emissions in 2002 was 10,351 kt of CO2, of which 507.5 kt of CO2 originates from 
cement manufacture, according to Marland, G., Boden, T.A. and Andres, R.J.  2005. “Global, Regional, 
and National CO2 Emissions.” In Trends: A Compendium of Data on Global Change. Carbon Dioxide 
Information Analysis Center, Oak Ridge National Laboratory, U.S. Department of Energy, Oak Ridge, 
Tenn., U.S.A. 
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in the construction of the concrete roads as well as the “metalling and tarring” roads also 
emits carbon dioxides, which has been incorporated in the emissions calculations of the 
case studies presented in Annexes D, E, F, G and H, and summarised in Chapter 7. 

              
 Table 2.7 CO2 emissions from different types of rural road development scheme 

practiced in Sri Lanka. 
 

Rural Road Type  

Emissions, in 
metric tons CO2 
per km of the 

road constructed 
Earth road 0 
Earth road with 0.8 m average embankment height, 5 m platform width 
and 1:3 road-side slope  

13.09 

On a good to fair subgrade 0.70 
on a poor subgrade 1.22 Gravel road of 3 m carriage way width  
on a very poor subgrade 1.75 

Gravel road with 3 m wide carriage way on an embankment of 0.8 m 
average height, 5 m platform width and 1:3 road-side slope 

13.79 

on a good to fair subgrade 1.29 
on a poor subgrade 1.82 

Bitumen-primed gravel road of 3 m wide 
carriage way  

on a very poor subgrade 2.34 
Bitumen-primed gravel road with 3 m wide carriage way with gravel on 
an embankment of 0.8 m average height, 5 m platform width and 1:3 
road-side slope 

14.38 

on a strong subgrade 1.00 “Metalling and Tarring” road 3 m wide 
carriage way on a weak subgrade 1.49 
“Metalling and Tarring” road with 3.0 m wide carriage way and 0.8 m 
average embankment height, 5 m platform width and 1:3 road-side 
slope 

14.09 

with Mass C15 concrete mixture 55.9 Concrete road of 3 m road width 
and 100 mm thickness with the 
inclusion of the emissions from the 
cement manufacture 

with Grade C20 concrete mixture 77.6 

with Mass C15 concrete mixture 83.9 Concrete road of 3 m road width 
and 150 mm thickness with the 
inclusion of the emissions from the 
cement manufacture 

with Grade C20 concrete mixture 116.4 

with Mass C15 concrete mixture 167.6 Concrete road of 3 m road width 
and 300 mm thickness with the 
inclusion of the emissions from the 
cement manufacture 

with Grade C20 concrete mixture 232.7 
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3. Rural Roads Selected for the Case Studies 
 
3.1 Kandewatta Rural Road, Atipola 
 
 The road is situated in a village named Atipola in Matale District under the Yatawatta 

Pradeshiya Sabha. (The approximate location of the road is marked on the map below 
by a black square.) 

 It was a footpath on a hilly slope converted into a Mass C15 concrete road of 54 mm 
thickness laid on a 100 mm broken rock base, obtained from the road site itself.  

 Length of the road is 480 m and the carriage way width is about 3 m.  
 Built under the “Maga Neguma” programme by community involvement with RDA, 

Matale as the consultant.  
 Construction was started in October 2005, and completed on 13th March 2006.   
 The road construction cost was estimated to be Rs 870,000/=, and the road was 

supposed to be concrete segments alternated by gravel segments in order to keep 
the cost down. However, the contractor has concreted the entire 480 m of the road.  

 About 50 families are benefited by the construction of the road.  
 The density of the houses along the road may be termed moderate. 
 It is a very old village and people have been living here for many generation.  
 Socio-economic survey on this road was carried out by our team on Saturday, the 

28th of January 2006. 
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3.2 Tittawalgolla Rural Road, Dambulla 
 
 The road is situated in a village named Tittawalgolla in Matale District under the 

Dambulla Pradeshiya Sabha. (The approximate location of the road is marked on the 
map below by a black square.) 

 It is a 4 km long gravel road that existed since 1986. Of which, the 1 km end of the 
road starting from the Trincomalee–Kandy highway had been metalled and tarred.  

 The carriage way width of the road is 2.75 m, and the platform width is 4.0 m.  
 Built under the “Maga Neguma” programme by community involvement with RDA, 

Matale as the consultant.  
 Construction of the metalling and tarring of 1 km of the road was started on 2nd June 

2005 and completed on 10th June 2005.  
 Cost was Rs 1,000,000/= for constructing the 1 km tar road.  
 About 220 families are benefited. 
 The density of the houses along the road may be termed low.  
 It is an old village and people have been living here for a very long time. 
 Socio-economic survey on this road was carried out by our team on Saturday, the 

04th  of February 2006.  
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3.3 Mukalangama Rural Road, Nikaweratiya 
 
 The road is situated in a village named Mukalangama in Kurunegala District under the 

Nikaweratiya Pradeshiya Sabha. (The approximate location of the road is marked on 
the map below by a black square.) 

 It is a flat gravel road of 1.3 km long with a 3 m wide carriage way.  
 Built by the community with the involvement of Practical Action, ITDG.  
 Completed in September 2004.  
 Total cost was Rs. 493,150/= plus the community assistance worth a Rs. 244,950/=. 
 About 30 families are benefited. 
 The density of the houses along the road may be termed low.  
 It is a relatively new village.  
 Socio-economic survey on this road was carried out by our team on Saturday, the 

11th of February 2006. 
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3.4 Wellaodara Rural Road, Ranna 
 
 The road is situated in a village named Kahandaduwa under the Tangalle Pradeshiya 

Sabha in Hambantota District. (The approximate location of the road is marked on the 
map below by a black square.) 

 It is a flat gravel road of 1.3 km long with a 3 m wide carriage way. The road has a 
platform width of 4 m.  

 Construction was started on 1st September 2005, and completed on 17th January 
2006.  

 Built by the community with the ITDG involvement. 
 Total cost was Rs 1,229,470/=. Of which, ITDG contributed Rs 983,576/= and the 

community and the Pradeshiya Sabha contributed Rs 245,894/= 
 22 families are directly benefited.  
 The road helps move the farm produce to the market. 
 The density of the houses along the road may be termed very low.  
 There is about 100 cattle use this road.  
 It is a very old village started with 03 land owing families using the road which was a 

footpath.  
 Tsunami-effect was minimal in this area even though seawater had somewhat altered 

the salinity of the soil in which paddy and other crops are being grown. Now the soil 
appears to have regained its old characteristics.   

 Socio-economic survey on this road was carried out by our team on Saturday, the 
18th of February 2006. 
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3.5 Mosque Rural Road, Kirinda 
 
 This road is situated very close to the foothills of the historic Kirinda temple in 

Hambantotta District under the Tissamaharama Pradeshiya Sabha. (The approximate 
location of the road is marked on the map below by a black square.) 

 It is a gravel road of 1.6 km long and 3 m carriage way width and 4 m platform 
width. 

 Built by the community with the ITDG involvement.  
 Still under construction.    
 Total cost is estimated at Rs 1,152,723/= per km. Of which, ITDG contributes Rs 

922,178.40 and the community and the Pradeshiya Sabha contributes Rs 230,544.60 
 More than 200 families are directly benefited by this road, and another 300 families 

living in the old village also use part of this road.   
 The density of the houses along the road may be termed very high.  
 It is a Tsunami-wrecked area, and there are many Tsunami houses being built in the 

vicinity of this road by International NGOs.  
 Socio-economic survey on this road was carried out by our team on Sunday, the 19th 

of February 2006. 
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3.6 Hummanaya Rural Road, Dickwella South 
 
 It is the approach road to Hummanaya (The Blow Hole), which is a tourist attraction, 

situated in Mathara District under Tangalla Pradeshiya Sabha. (The approximate 
location of the road is marked on the map below by a black square.) 

 It is Grade C20 concrete road of 100 mm thickness on a flat terrain by the sea. Its 
length is 260 m length and width is 2.75 m (carriage way) 

 It is chosen because of its inherent GHG emissions potential owing to the use of 
cement in the concrete mixture in making the concrete road, which would have been 
avoided since the road is on a frat terrain. 

 It is a Tsunami affected area. 
 Built by the community with the ITDG involvement. 
 Cost was Rs 693,546/=, inclusive of the Rs 57,346/= contributed to the Rural 

Incubation Centre by the ITDG. 
 About 50 families are benefited.  
 Very densely populated area. 
 Socio-economic survey on this road was carried out by our team on Saturday, the 

18th of February 2006. 
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4. Socio-Economic Survey Results of the Rural Roads Studied 
 
A questionnaire was made (see Annex B for a copy of the questionnaire) by referring 

to a number of socio-economic surveys available on the Internet and elsewhere.  
Information needed to fill the questionnaire was gathered by a team of engineering 
graduates who conversed with the villagers on a 02 graduates per family basis at the 
family’s home. Families living by the rural road scheme concerned were surveyed. 
Families living away from the point where the rural road ends (where applicable) were 
also surveyed. Table 4.1 shows the number of families surveyed with each road scheme 
studied.  

 
Table 4.1 Number of families surveyed per the rural road studied. 

 

Rural Road Scheme Studied 

Surveyed 
number of 

families living by 
the rural road  

Surveyed number of 
families living away 

from the point 
where the rural road 

ends 

Total number 
of families 

surveyed per 
the rural road  

Kandewatta Rural Road 15 10 25 
Tittawalgolla Rural Road  07 19 26 
Mukalangama Rural Road 15 12 27 
Wellaodara Rural Road 18 07 25 
Mosque Rural Road 08 12 20 
Hummanaya Rural Road 06 00 06 
 
Table 4.2 lists the questions on the questionnaire (Item 12 in Annex B), which bring 

out the opinions of the people using the rural roads about the influence that the rural 
roads studied has upon acquiring the necessities required to enhance the socio-economic 
status of their lives. There are 19 questions, and the response to a question before and 
after the road construction will tell us if the road has positively influenced the basic 
necessities required to enhance the socio-economic status of the family responding to the 
question. The last two questions 
(Q18 and Q19), in particular, are 
designed to bring out the feeling 
of the family being interviewed 
about the influence of the road 
upon their lives, since it is not 
exactly the socio-economic status 
of a family but how a family feels 
about their lives is what is crucial.   

Columns 3 and 4 of Table 4.2 
show whether an affirmative or 
negative response to a question 
positively or negatively influences 
the socio-economic status of the 
family. If the response to a chosen 
question has a positive effect on 
the socio-economic status of the 
family we give 1 point to it; 
otherwise the response got a 0 point. When subtracting the point assigned to the 
response to ‘Before the road was constructed’ from the point assigned to the response to 
‘After the road was constructed’, we could determine the opinion of the family surveyed. 
For instance, if we get +1 upon subtraction then it means that the road has positive 
influence. If we get –1 then the road has negative influence. If we get zero then the road 
has no influence upon the families ability to acquire the necessities needed to improve 
the socio-economic status of the family.    
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Table 4.2 Questions incorporated in the Questionnaire (Item 12 of Annex B) to bring out 
the response that the rural road studied has in improving or worsening the socio-

economic status of the family surveyed. 
 

Before the 
Road was 

constructed 

After the Road 
was 

constructed 

 
Question 
Number Questions 

Yes No Yes No 

Q1 Difficult to use vehicles 0 1 0 1 
Q2 Difficult to carry patients to hospital 0 1 0 1 
Q3 Difficult to transport products 0 1 0 1 
Q4 Difficult to transport seeds, fertilizers etc 0 1 0 1 
Q5 Difficult to access schools 0 1 0 1 
Q6 Difficult to access market 0 1 0 1 
Q7 Difficult to access hospitals 0 1 0 1 
Q8 Difficult to access public offices 0 1 0 1 
Q9 Have electricity supply 1 0 1 0 
Q10 Have water supply 1 0 1 0 
Q11 Have communication facilities 1 0 1 0 
Q12 Easy to find jobs  1 0 1 0 
Q13 Public transport pass by this village 1 0 1 0 
Q14 Outsiders come to buy land from this village 1 0 1 0 
Q15 Villagers sell the land to outsiders 0 1 0 1 
Q16 More people have come to live in your village 1 0 1 0 
Q17 Sanitary facilities are good 1 0 1 0 
Q18 Villagers are united 1 0 1 0 
Q19 Life is good  1 0 1 0 

 
In order to get the cumulative response of the total number of families surveyed per 

rural road to a particular question, we added the net point gained for a question by each 
family together, and divided the total by the total number of families surveyed per road. 
Let us call the resulting number as the “Response Index”. In case of all families surveyed 
feeling that the road has positively contributed towards the particular aspect raised by a 
question, the Response Index of that particular question would be +1. If the feeling of all 
families surveyed is that the road has negatively contributed then the Response Index 
would be –1. If the Response Index is 0 then the road concerned has no influence in 
improving or worsening the socio-economic status of their lives.  

Figures 4.1 to 4.6, with the Response Index on the Y-axis, and the question number 
in the X-axis, show the results of the study for each rural road scheme studied, 
respectively. The response indices take either positive values or near zero values for 
almost all cases studied as can be seen in the figures, which implies that the rural road 
construction, in general, has either positively contributed towards improving the socio-
economic status of the lives of the people, or has made no contribution at all. A Response 
Index that lies in between 0 and 1 for a question, say, for example 0.6, means that 60% 
of the families surveyed feels the road’s contribution is positive towards the aspect raised 
by the particular question, while the other 40% feels the road has no influence. On the 
other hand, it could also mean that 80% of the families feels that the road has 
contributed positively and the remaining 20% feels that it has contributed negatively. In 
both cases, when a net 60% feels that the road has contributed positively we get a 
Response Index of 0.6. 

Note that the response indices take negative values, though very small in 
magnitudes, for three questions. The negative response index of Q18 in Figure 4.4 
indicates that the village unity is slightly upset by the construction of the rural road. The 
negative response index of Q15 in Figure 4.5 indicates that the villagers are somewhat 
inclined to sell land to the outsiders.  
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Kandewatta Rural Road, Atipola
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Figure 4.1 Cumulative response of the surveyed villagers using the Kandewatta rural road, 

construction completed, in Atipola. 
 

Tittawalgolla Rural Road, Dambulla
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Figure 4.2 Cumulative response of the surveyed villagers using the Tittawalgolla rural road, 

construction completed, in Dambulla.  
 

Mukalangama Rural Road, Nikaweratiya
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Figure 4.3 Cumulative response of the surveyed villagers using the Mukalangama rural road, 

construction completed, in Nikaweratiya.  
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Wellaodara Rural Road, Ranna
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Figure 4.4 Cumulative response of the surveyed villagers using the Wellaodara rural road, 

construction completed, in Ranna.  
 

Mosque Rural Road, Kirinda
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Figure 4.5 Cumulative response of the surveyed villagers using the Mosque rural road, still 

under construction, in Kirinda.  
 

Hummanaya Rural Road, Dickwella South
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Figure 4.6 Cumulative response of the surveyed villagers using the Hummanaya rural road, 

construction completed, in Dickwella South. 
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The features common to all the six figures above is that the villagers in general find 
the road to be useful in the aspects addressed by Q1 to Q8, which are regarding the 
road’s ability to improve the basic mobility and accessibility of the villagers live by the 
rural road. The responses to Q9 to Q18 are near zero in all cases except two, and the 
response to Q19 is somewhat positive in all cases. In interpreting the response indices of 
the above figures, we could see that the fact that the villagers have access to schools, 
hospitals, markets, public offices, and transport need not by default imply that the socio-
economic status of their lives would improve.  

For instance, the responses to Q9 to Q11, which are about having electricity supply, 
water supply and communication 
facilities, the response index is 
near zero except in the case of 
the electricity supply for the 
Mosque rural road in Kirinda. It 
is a Tsunami wrecked area and 
quite a number of houses with 
modern facilities is being built 
now in this area by several 
International NGOs, such as 
World Vision, Care International 
and Terre des Hommes 
Netherlands.  

It is noteworthy that the 
response to Q19 which states 
“Life is good’, is positive in all 
cases studied. This indicates that 
an improved rural road does 
make the people using the road feel good about their lives even though it may not at all 
contribute towards the people’s ability to find jobs, which is a basic right of a human, as 
can be seen in Table 4.3.  

This table lists the cumulative response of the people to Q12, Q18 and Q19 of Table 
4.2, before and after the road construction in each scheme studied. The response being 
zero or near zero means that the cumulative response of the villagers is absolutely 
negative to that question. The response being unity means that the cumulative response 
of the villagers are very positive to that question. Any value between 0 and 1 shall 
indicates the net percentage of people feeling positive about the issue raised by the 
question. 

 
Table 4.3 Cumulative response of the families surveyed for Q12, Q18 and Q19 per rural 

road studied. 
 

Rural Road Scheme Studied 
Q12 

‘Easy to find jobs’ 

Q18 
‘Villagers are 

united’ 

Q19 
‘Life is good’ 

 
Before 
road  

After 
road  

Before 
road  

After 
road  

Before 
road  

After 
road  

Kandewatta Rural Road 0 0 0.84 0.84 0.52 0.88 
Tittawalgolla Rural Road  0.04 0.08 0.50 0.50 0.23 0.77 
Mukalangama Rural Road 0 0 0.78 0.78 0.19 0.48 
Wellaodara Rural Road 0.04 0.04 0.68 0.60 0.44 0.60 
Mosque Rural Road 0 0 0.65 0.65 0.15 0.40 
Hummanaya Rural Road 0 0 0.67 0.67 0 0.33 
 
Column 2 of Table 4.3 shows near zero entries before and after the road is being 

constructed. It means that almost all of the villagers find in difficult to secure themselves 
a job despite the condition of the road they use. It means that, in contrary to our beliefs, 
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an improved rural road has absolutely no influence on the job opportunities of the people 
using the road. Most of the villagers are economically poor and they depend on being 
employed in the fields of a handful of landlords living among them, which is for a few 

months a year. Or, they fish for those 
who own boats. These villagers told 
us during the interviews that it would 
be better for the government to put 
up an industry or two in their areas 
and to employ the villagers there. It 
is my opinion that some rural 
industries could be set up in some of 
these areas to give the people 
employment. A survey on the type of 
industries that could be set up by 
these rural roads is a must as a first 
step towards improving their socio-
economic status.  

The entries in column 3 of Table 
4.3 take values that are well above 
average except in one. It shows that 

the unity among the villagers have been above average irrespective of the status of the 
road, perhaps as a result of their low socio-economic status on average which demands 
that people help each other to help themselves. In the Kandewatta, Atipola village, in 
which the villagers are least urbanised out of the 6 schemes surveyed by us, we found a 
ceramic water filter placed on a tall stool by the roadside so that the children and people 
using the road in the hilly terrain on a hot day could stop and drink water. However, 
owing to the blasting of the rocks to lay the base for the concrete road, the filter has 
been removed from the roadside on the day we carried out our survey. In case of 
Tittawalgolla rural road situated 4 km from the Dambulla city centre, in which the 
villagers are most urbanized, the unity of the villagers are found to be 0.5 (see column 3 
of Table 4.3) which is average.     

The entries in column 4 of Table 4.3 show a remarkable difference in their values 
before and after the road construction. These entries clearly indicate that the feelings of 
the villagers about their lives in general have enhanced with the road construction, 
perhaps as the result of the extra 
money that they make during the 
road construction among other 
things, such as their improved 
mobility and the relatively easy 
access that they have for the 
essential requirement for a decent 
life. One thing many of the villagers 
like about a rural road being 
constructed is that they get to be 
employed in making of the road. 
Some of the villagers also want the 
road to be upgraded mainly because 
it would bring the much needed cash 
to their homes by being employed in 
making or improving the road.  

Table 4.4 shows the percentage of families living in the rural schemes surveyed in 
different types of employments. Even though the percentages of unemployed families are 
zero in all roads surveyed except in two cases according to the last column of Table 4.4, 
this information is somewhat misleading. We understood during our interviews and 
informal chats with the villagers that most of the villagers employed in the paddy or 
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agriculture sector for daily wages has an employment only for a few months in a year, 
the rest of the period they remain practically unemployed.   

 
Table 4.4 Percentage of families surveyed in different types of employment. 

 

Rural Road Scheme Studied 
Paddy or 

Agriculture Fishing 

Employed in 
the private 

or 
government 

sector 

Self-
employed Unemployed 

Kandewatta Rural Road 72% 0 20% 8% 0 
Tittawalgolla Rural Road  42.3% 0 15.4% 30.8% 11.5% 
Mukalangama Rural Road 61.5% 0 7.7% 11.5% 19.3% 
Wellaodara Rural Road 60% 8% 12% 20% 0 
Mosque Rural Road 5% 80% 5% 10% 0 
Hummanaya Rural Road 0 50% 0 50% 0 
 
Employment in the private or government sector in general means working in the 

armed forces at the low end of the hierarchy or working in a very low level of 
employment as a labourer. Self-employment in general means having a shop, or working 
as a labourer on a daily wage basis when there are employment opportunities, which are 
very rare in the rural areas except in cases such as rural road building. Despite the little 
money that the families make, they could afford somewhat decent lives, as they told as, 
owing to the availability of free fuel, housing and water in addition to growing or finding 
their own food at no cost or at very low cost in the rural environment.  

The exceptions are people who 
own paddy or acres of land, whom 
the villagers call landlords. They 
are people who are relatively well 
off in the rural settings, but very 
few in numbers. For example, no 
family owned a car or a van out of 
the total 129 families surveyed in 
this project. The number of 
families that owns a truck or a 
lorry is 3 out of 129. Just one 
family out of the 129 owns a land 
master. Three wheelers are owned 
by 4 families, motorcycles are 
owned by 10 families and bicycles 
are owned by 63 families out of the 
total 129 families surveyed. About 
40% of the 129 families surveyed 
do not even own bicycles despite 
the great distances that they must 
travel on foot to get access to 
schools and other essentials of life.  

Despite all these depressing 
socio-economic statistics, the most 
breathtaking aspect of our visit to 
these rural settings is the 
abundance of humanity that is 
alive and kicking in these villages. 
We could not help feeling envious 
about that.      
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5. Load Pattern on the Rural Roads Studied 
 

Load pattern on the rural roads are not uniform across the days and across seasons. 
We therefore gathered the load pattern information from those using the roads during the 
interviews (as outlined in Chapter 4). The average load pattern on a weekly basis is 
reported in Table 5.1.  

 
Table 5.1 Load on rural roads, given as number of vehicles per week. 

 

Type of vehicle 
Kandewatta 

Rural  
Road 

Tittawalgolla 
Rural  
Road 

Mukalangama 
Rural  
Road 

Wellaodara 
Rural  
Road 

Mosque 
Rural  
Road 

Hummanaya 
Rural  
Road* 

Bullock carts 0 0 0 0 0 0 

Bicycles  26 132 467 315 444 0 

Motorcycles 24 40 368 206 350 0 

Three Wheelers 30 30 65 101 168 0 

Land Masters 7 23 32 25 70 0 

Trucks  0 0 0 0 0 0 

Cars/Vans/Jeeps 0 7 0 140 70 0 

Lorries/Trucks 3 17 3 32 32 0 

Buses  0 0 0 0 0 0 

Total number of 
vehicles per day, 
excluding bicycles  

 9 17 67 72 99 0 

*This 200 m road is also the approach path to the Blow Hole, which is a tourist attraction, and no 
vehicular traffic is permitted to use this road.   

 
From the numbers provided in Table 5.1, it is noteworthy that bullock carts have not 

been used by anyone of the rural communities surveyed, despite it being a mode of 
transport that consumes no 
fossil fuel and a considerable 
amount of agricultural produce 
and other materials can be 
transported by it. The 
disappearance of the no-fossil 
fuel consuming bullock carts is 
to be blamed upon the CO2 
emissions laden development 
path that the developing 
countries, such as Sri Lanka, has 
chosen to follow imitating the 
development models set by the 
high-income economies27.     

It appears that the three 
wheelers, which on average 
have a fuel economy of about 24 
km per litre of petrol, have 
replaced the bullock carts. Bicycles still remain the most popular mode of transport, and 
motorcycles with the fuel economy of 41 km per litre of petrol (or more in some cases) 
come next. It should be noted that, despite the high fuel economies of the petrol three 

                                                 
27 Shanthini, R. 2006 “Sri Lanka’s Unique Human Development Path as identified by the Modified Human 
Development Index.” Accepted for publication as a Chapter in Sri Lanka: Challenges of a Society in 
Transition. A publication of Faculty of Graduate Studies, University of Colombo, Sri Lanka.    
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wheelers and petrol motorcycles, they have emissions higher than the 2003 
hydrocarbons and carbon monoxide emissions test standards28.  

The last row of Table 5.1 shows that the load on the first five rural road schemes 
surveyed take a minimum of 9 vpd for Kandewatta rural road, Atipola to 99 vpd for 
Mosque rural road, Kirinda. This load pattern indicates that well-maintained gravel roads 
are adequate to handle the load. In the case of Hummanaya rural road, the load is 
virtually non-existent despite the number of local and foreign tourists using the road. 
Hence, using concrete to construct the rural road at Hummanaya could have been 
avoided. The GHG emissions associated with the load on the rural roads studied is 
calculated and presented in Chapter 6. 

 
 

                                                 
28 Environment Systems Products of USA, Industrial Services Bureau and Hayleys Ltd. “Remote Sensing 
of Vehicle Emissions in Sri Lanka.” January 2005 
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6. GHG emissions from the Vehicular Use on the Rural Roads 
Studied 
 
Burning of fossil fuel in the engines of the vehicles using the rural road produces CO2 

and other GHGs, such as methane, nitrous oxide and water vapour. As for the reasons 
stated in the first paragraph of Section 2, we ignore the other GHGs produced by the 
combustion and calculate only the CO2 emissions from the vehicles using the rural roads. 
We also assume compete combustion of the fuel.  

Table 6.1 shows the fuel economy of the different vehicles that uses the rural roads, 
as well as the CO2 emissions factor for petrol and diesel fuels. It is noteworthy that 
Motorcycles have the best fuel 
economy and the three wheelers 
come next. The most common 
fossil fuel burning vehicles on 
the rural roads are indeed 
motorcycles, which is owing to 
the limited economic status of 
the people using the rural roads. 
Three wheelers come next, and 
they also have commendable 
fuel economy. Increasing the 
socio-economic status of the 
rural dwellers would definitely 
put the less fuel-efficient 
motorcars on the rural roads, 
which is unfortunately the way 
development is perceived in the 
world of today.    

 
Table 6.1 Fuel economy and CO2 emissions factor used for the emissions 

calculations in this study. 
 

Vehicle Type Fuel 

Fuel 
economy 

in 
km/litre29 

CO2 emissions 
factor in 

kg CO2 /litre30 

CO2 emissions 
factor in 

kg CO2 /km 

Motor cycle (two/four stroke) petrol 41 2.38 0.058 
Three wheeler petrol 24 2.38 0.099 
Land vehicle diesel 6 2.75 0.458 
Lorry diesel 3 2.75 0.917 
Car  diesel 9 2.75 0.306 
Car  petrol 10 2.38 0.238 
 

Using the data provided in Table 5.1 and Table 6.1, we could evaluate the vehicular 
CO2 emissions on the rural roads studied. The details of the calculation procedure are 
shown clearly in the Excel sheet appended as Annex C. The final results summarized in 
Table 6.2 show the CO2 emissions from different type of vehicles using the rural roads 
studied as well as the cumulative CO2 emissions stemming from the rural roads per km 
per day.  

                                                 
29 Fuel economy data are obtained from Table 2.2 of “Sustainable Transport options for Sri Lanka”, 
February 2003 by Joint UNDP/ World Bank Energy Sector Management Assistance Programme.  
30 CO2 emissions factor data are obtained from “Mobile Combustion CO2 Emissions Calculation Tool”, 
June 2003 Version 1.2 by WRI_WBCSD GHG Protocol Initiative.  
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Table 6.2 Vehicular emissions on the rural roads, given in kg CO2 per km per day. 
 

Type of vehicle 
Kandewatta 

Rural  
Road 

Tittawalgolla 
Rural  
Road 

Mukalangama 
Rural  
Road 

Wellaodara 
Rural  
Road 

Mosque  
Rural  
Road 

Bullock carts 0 0 0 0 0 

Bicycles   0 0 0 0 0 

Motorcycles 0.199 0.332 3.052 1.708 2.902 

Three Wheelers 0.425 0.425 0.921 1.431 2.380 

Land Masters 0.458 1.506 2.095 1.637 4.583 

Cars/Vans/Jeeps 0 0.306 0 6.111 3.056 

Lorries/Trucks 0.393 2.226 0.393 4.190 4.190 

Total 1.475 4.794 6.461 15.078 17.112 

 
It could be seen in the last row of Table 6.2 that the cumulative CO2 emissions 

stemming from the rural roads studied falls in the range of 1.475 to 17.112 kg CO2 per 
km of rural road per day. Kandewatta rural road in Atipola has the lowest cumulative 
emissions, which is perhaps due to the fact that a footpath on a hilly terrain has been 
converted into a rural road only since late 2005, and the road construction was 
completed only on March 13, 2006. This road is being populated by people living in this 
area for generations, and there is no indication of any development activities that would 
take place in this area in the near future. It is a typical Sri Lankan village on a hill that 
the time has forgotten. It is therefore highly likely that the CO2 emissions would remain 
nearly the same well into the future for this rural road. Thus, we take 1.475 kg CO2 per 
km of rural road per day as the minimum CO2 emissions to be expected from the rural 
road sector in Sri Lanka.           

Mosque rural road in Kirinda has the highest cumulative emissions. It may be because 
the construction of the rural road is still underway, the terrain is flat and the earth road is 
already in place. Besides, it is a fast 
developing area with a number of Tsunami 
housing projects carried out by a number of 
International NGOs located at walking 
distances from each other. And, many families 
have been brought into this area from outside 
under the Tsunami-affected families relocation 
schemes.  And, the case of Kirinda’s rural road 
with 17.112 kg CO2 per km per day therefore 
might represent the maximum possible 
emissions that may be expected from the rural 
road sector in Sri Lanka. It should be noted 
that environmentally irresponsible 
developmental activities almost always 
increase the CO2 emissions.   

The total length of the rural roads in Sri 
Lanka is estimated to be about 64,700 km. 
The minimum CO2 emissions emanating from 
the vehicular traffic on the total rural road 
network in Sri Lanka shall thus be 95 (= 1.475 
x 64,700 / 1000) metric tons CO2 per day. 
This works out to be about 35 kt CO2 per year. 
The maximum shall be 1107 (= 17.112 x 
64,700 / 1000) metric tons CO2 per day, 
which is about 400 kt CO2 per year. 
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The CO2 emissions from the internal transportation sector, which includes emissions 
from combustion of fuels for road, rail, air and other forms of transportation and 
agricultural vehicles while they are on highways, is estimated to be 5490 kt CO2 per year 
in 200131, which is the latest estimate available. The rural road sector’s vehicular use 
contribution towards CO2 emissions stemming from the transport sector in Sri Lanka 
therefore lies in the range of 0.6 to 7.3%, representing 35 to 400 kt CO2 per year.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                 
31 Obtained from “Carbon Dioxide Emissions by Economic Sector 2005” from the Earths Trends Data 
Tables: Climate and Atmosphere.   
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7. GHG emissions from the Construction of the Rural Roads 
Studied 

 
The basic steps involved in the calculation of the emissions stemming from the 

construction of different types of rural roads in general have been dealt with in detail in 
Chapter 2. In this chapter, I detail the calculation steps for the emissions from the 
construction of the rural roads chosen for the case studies. The Kandewatta rural road 
and the Hummanaya rural road are concrete roads of two different types, Mass C15 and 
Grade C20, respectively (see Section 2.5). The Tittawalgolla rural road is the “metalling 
and tarring” type road (see Section 2.4). The Wellaodara rural road and the Kirinda 
Mosque rural road are gravel roads (see Section 2.2). These are the five roads chosen for 
the emissions studies. The Mukalangama rural road in Nikaweratiya, being yet another 
gravel road, is not considered for the emissions calculations. 

 
 

7.1 Assumptions  
The emissions calculations reported in this chapter are based on the information 

made available to me through the Bill Of Quantities (BOQs) of the rural roads studied, 
and thus the emissions estimates can only be as accurate as the BOQs are. However, the 
BOQs do not carry all information needed for the emissions calculations, such as 
excavation rates of soil and gravel, number of passes of rollers used for compaction, fuel 
consumptions of the excavators, rollers and the haulage vehicles used, and electricity 
requirement in the machine production of aggregates. Most of these information 
applicable for the Sri Lankan cases are also not available in any literature. The only way 
to gather such information was to talk to the people involved in the construction of the 
rural roads studied.  

I therefore gathered these information during my visits to the road sites to carry out 
the socio-economic surveys, and by visiting and phoning the individuals who had worked 
with the roads studied. Wherever I could not get such information, I made realistic 
assumptions. I also double checked all the numbers that I have gathered by these means 
by talking to a different set of people in the business of rural road construction, such as 
engineers, contractors, technical offices of the RDA and ITDG, and those who hire road 
machineries.  

The data used for the emissions calculations reported in Annex D to Annex H are 
provided in Tables 7.1 to 7.8 to aid easy reference.  

 
Table 7.1 Road roller data used. 

 
Width of 4-ton roller 1.00 m 

Fuel usage of the 4-ton roller 1 litres per hr 

Width of 8-10 roller 1.50 m 

Fuel usage of the 8-10-ton roller 2 litres per hr 

Number of passes on one strip of the road to compact soil and 37.5 mm 
aggregate 

8 Nos 

Number of passes on one strip of the road to compact 19 mm aggregate 2 Nos 

Maximum thickness of the layer compacted 150 mm 

Speed at which the roller moves  1 km per hr 

 
Table 7.2 Excavator data used. 

 
Excavation rate, assuming hard material  28 m3 per hr  

Fuel usage of the excavator in field 10 litre per hr 
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Table 7.3 Road roller and excavator carrier (on-road) data used. 
 

Fuel usage of the carrier on lane 3 litres per hr 

Speed of the carrier on lane 40 km/hr 

Distance travelled (one way) to bring the road roller to the road site, 
assumed value 25 Km 

Distance travelled (one way) to bring the excavator to the road site 
(assumed value) 50 km 

 
Table 7.4 Soil, aggregate and bitumen haulage vehicles data used. 

  

 3-ton diesel 
tipper 

4.5-ton diesel 
truck 

 

Volume of soil hauled by one vehicle (loose 
volume) 

2.8 6 m3 per vehicle   

Volume of aggregate hauled by one vehicle  2.8 6 m3 per vehicle   

Volume of bitumen hauled by one vehicle  10 20 barrels per vehicle 

Fuel economy of the vehicle 6 4.5 km per litre 

 
Table 7.5 Cement haulage vehicle data used  

 
Bags of cement per vehicle 100 bags per large truck 
Haulage distance (one way), assumed value 150 km 
Fuel economy of the vehicle  3 km per litre 

 
Table 7.6 CO2 emissions factor used. 

 
CO2 emissions factor of the fuel used 2.75 kg CO2 per litre of diesel fuel used 

 
Table 7.7 Data for haulage distances and for the camber made on the Wellaodara gravel 

road in Ranna and on the Mosque gravel road in Kirinda. 
 

Distance across which gravel is transported (one way), assumed value  10 km 

Distance across which borrow material is transported (one way), assumed value 5 km 

Average height of the camber made before compaction, assumed value  75 cm 

Average width of side drain excavated, assumed value  60 cm  

Average depth of side drain excavated, assumed value  60 cm 

 
Table 7.8 Data for haulage distances to the Hummanaya road. 

 
Distance across which membrane and joints are transported (one way), assumed 
value 

150 km 

Distance across which timber is transported (one way), assumed value 10 km 
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7.2 Emissions from the Direct Road Construction Activities 
The BOQs and the emissions calculation procedures of the Kandewatta, Tittawalgolla, 

Wellaodara, Kirinda Mosque and Hummanaya rural roads are shown clearly in the Excel 
sheets annexed as Annex D, E, F, G and H, respectively. Sheet 1 of all five Excel sheet 
annexed as Annex D to Annex H show the road data and the BOQs. The emissions 
stemming from different aspects of the rural road constructions are calculated in sheets 
numbered 2 and above.  

Each of these calculation sheets is titled clearly, and the titles are followed by the 
data required for the emissions calculations. In case of uncertainty in the value of a 
datum, an assumed value is used stating clearly that it is an assumed value. All user 
entered data entries are in light green cells. These values may be changed if necessary. 
Units are in the light yellow cells. Auto-calculated values are in the magenta cells, and 
they should not be altered.      

The emissions calculated in sheets numbered 2 and above are transferred 
automatically back to the bottom of sheet 1 of the annex concerned. These entries start 
where the BOQs ends on sheet 1. The emissions are added to the final value which is 
recorded as the last entry of sheet 1. Thus, sheet 1 carries all information needed by the 
reader of the report. Other sheets are helpful if one wants to know more about how the 
emissions calculations are carried out. 

The calculated emissions available in sheet 1 of Annex D to Annex H are automatically 
transferred to Annex I, for easy reference. A part of the data in Annex I is reproduced in 
Table 7.9.  

 
Table 7.9 CO2 emissions stemming from the different activities related to the rural road 

construction. 
 

Activity leading to CO2 
emissions  
(in metric tons CO2)  

Kandewatta 
road, 

Atipola 

Tittawalgolla 
road, 

Dambulla 

Wellaodara 
road, 
Ranna 

Mosque 
road, 

Kirinda 

Hummanaya 
road, 

Dickwella 
South 

Construction activities at the 
road site  

0.13 0.50 0.40 0.49 0.34 

Haulage of material needed 
for the construction to the 
road site  

1.35 1.25 6.45 7.59 2.30 

Transport of machineries 
used for the construction to 
and form the road site  

0.03 0.03 0.01 0.01 0.01 

Cumulative emissions 
from the construction 
activities  

1.51 1.78 6.86 8.09 2.65 

Length of the road (in km)  0.48 1.00 1.30 1.60 0.26 
Cumulative emissions 
from the construction 
activities per km of the 
road constructed 
(in metric tons CO2/km) 

3.15 1.78 5.28 5.06 10.19 

 
The entries in the first row of the table give the emissions stemming from the 

construction activities at the road site itself. It covers machine excavation of soil at the 
road site and compaction of the road surface using road rollers. The entries in the second 
row give the emissions from haulage of material, such as soil, gravel, aggregate and 
cement, to the road site using vehicles and form the supply of material such as timber 
and polythene membranes. The entries in the third row give the emissions from the 
transport of machineries, such as road rollers and excavators, to and from the road site. 
These are indeed taken as emissions within the boundaries of the rural road construction.  
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The entries in the fourth row Table 7.9 shows the cumulative emissions stemming 
from the three major activities mentioned above, and the entries in the last row shows 
the cumulative emissions per km of the road constructed. Owing to the large quantities of 
earth and gravel brought to the road sites to build gravel roads, Wellaodara and Mosque 
rural roads have the highest cumulative emissions (about 7 to 8 metric tons) from the 
construction activities of the five roads studied. However, the emissions, when considered 
per km of the road constructed basis, is the highest for the Hummanaya rural road, which 
is a concrete road of 100 mm thickness made of Grade C20 concrete.    

 
 

7.3 Emissions from the Leakages 
We, however, could not consider the emissions values on the last row of Table 7.9 as 

final since the construction of the road is responsible for the emissions stemming from 
the excavation of the gravel, crusher production of the aggregates and production of the 
cement required for the construction of the road concerned.  

The emissions from the machine production of stone aggregates are gathered from a 
few stone crushing enterprises situated in and around Kandy and the emissions from 
cement production is gathered from the literature cited in Section 2.5. The data so 
gathered and used for the emissions calculations are produced in Table 7.10 for easy 
reference. Table 7.11 reproduces the emissions from leakages calculated in Annex D to 
Annex H for the five roads considered, and automatically transferred to Annex I.   

 
Table 7.10 Emissions from productions of cement and aggregate data used.  

 
Electric power requirement to manufacture one m3 of 37.5 mm stone 
aggregate 964.3 MJ  

Electric power requirement to manufacture one m3 of 19-20 mm stone 
aggregate  28.9 MJ 

CO2 emissions stemming from the consumption of one GJ electricity in Sri 
Lanka, assumed value 50.00 kg CO2  

CO2 emissions stemming from the manufacture of one metric ton of cement 0.8 metric ton  

 
Table 7.11 CO2 emissions stemming from leakages related to the rural road construction. 

 

Leakages leading to CO2 
emissions  
(in metric tons CO2)  

Kandewatta 
road, 

Atipola 

Tittawalgolla 
road, 

Dambulla 

Wellaodara 
road, 
Ranna 

Mosque 
road, 

Kirinda 

Hummanaya 
road, 

Dickwella 
South 

Gravel excavation  0.14 - 0.66 0.80 - 

19/20 mm aggregate crusher 
production  

- 0.03 - - 0.12 

37.5 mm aggregate crusher 
production 

7.33 9.16 - - - 

Cement production 13.42 - - - 24.00 
Cumulative emissions 
from leakages 

20.89 9.19 0.66 0.80 24.12 

Length of the road (in km)  0.48 1.00 1.30 1.60 0.26 
Cumulative emissions 
from leakages per km of 
the road constructed 
(in metric tons CO2/km) 

43.52 9.19 0.51 0.50 92.78 
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Leakages are larger for the concrete roads than for the “metalling and tarring” roads 
and for the gravel roads, because of the amounts of cement required to make the 
concrete roads. It could be derived from the entries in the last rows of Tables 7.9 and 
7.11 that, in the cases of the concrete and the “metalling and tarring” roads, emissions 
from the leakages, falling in the range of 84 to 93% of the total emissions, far outweigh 
the emissions from the activities directly involved in the road making.   

 
 

7.4 Comparing the Emissions 
The first row of Table 7.12 shows the total emissions stemming from the road 

construction activities as well as the leakages. In order to aid comparison among the 
emissions stemming from the construction of the five roads studied, the total emissions 
must be divided by the respective road lengths. The entries in the 3rd row of Table 7.12 
shows the emissions per km of the road constructed. The gravel roads have the lowest 
emissions per km of the road, and the concrete roads have the highest.  

Of the two concrete roads, the Hummanaya road has almost double the emissions 
when compared to the Kandewatta road. It is because Hummanaya road is 100 mm thick 
and Kandewatta road is only 54 mm thick. Besides, the Grade C20 concrete used in 
making of the Hummanaya road requires 50% more cement per concrete volume than 
that required by the Mass C15 concrete used in making the Kandewatta road (see Annex 
D and Annex H).  

However, when it comes to the durability of the road constructed, which is the very 
purpose for which the road is made with concrete, Hummanaya road will do better than 
the Kandewatta road. The cost of achieving the durability of the rural road constructed 
lies in the huge amount of CO2 emitted to construct the road, which is 10 times larger 
than the emissions for the “metalling and tarring” road, and 20 times larger than the 
emissions for the gravel road.  

The entries in the last row of Table 7.12 shows the emissions from the road 
construction in kg CO2 per Rs 1000/= spent to construct the road. The gravel roads have 
the lowest emissions per cost of the road, and the concrete roads have the highest.  

 
Table 7.12 CO2 emissions per km and per Rs of the roads compared. 

 

 
 

Kandewatta 
road, 

Atipola 

Tittawalgolla 
road, 

Dambulla 

Wellaodara 
road, 
Ranna 

Mosque 
road, 

Kirinda 

Hummanaya 
road, 

Dickwella 
South 

Total emissions  
(in metric tons CO2) 

22.40 10.97 7.52 8.89 26.77 

Road length (in km) 0.48 1.00 1.30 1.60 0.26 

Total Emissions per 
km of the road 
constructed (in 
metric tons CO2 /km) 

46.6 11 5.8 5.6 103 

Total cost of the road 
constructed (in Rs) 

870,000/= 1,000,000/= 1,229,470/= 1,152,723/= 693,546/= 

Total emissions per 
Rs 1000/= spent in 
constructing the road 
(in kg CO2 per Rs 
1000/=) 

25.7 11 6.1 7.7 38.6 
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7.5 Baseline and Additionality 

When considering factors such as emissions per km of the road constructed, 
emissions per Rs spent in the construction of the roads and the cost of construction per 
km of the road, all values available in Table 7.12, it is the gravel road that has the lowest 
among all types of rural roads studied. It is also the most prevalent rural road in Sri 
Lanka.  

It is therefore I choose the gravel road to be the baseline scenario for the four roads 
studied, except for the Kandewatta rural road. These four roads constructed on flat lands 
that receives only moderate amount of rain, and therefore the material wastage from the 
road surface may be considered low. In case of the Kandewatta rural road, which is 
constructed for the use of the economically disadvantaged group of people living in the 
hilly slopes of Atipola receiving heavy rains, the most likely baseline scenario could be no 
road at all. 

The average emissions from the gravel road baseline scenario may be taken as 5.7 
metric tons of CO2 per km of road constructed, and 6.9 kg of CO2 per Rs 1000/= spent 
for the road construction. These values are taken from Table 7.12 itself. Emissions from 
the no road scenario is, of course, zero. The additionalities are calculated for the five 
cases studies as the difference between the emissions from the project activity and the 
emissions from the corresponding baseline scenario (see Table 7.13).  

 
Table 7.13 Additionality estimated for the rural roads studied. 

 
 Emissions from the 

project activity 
(metric tons CO2 

per km of the road 
constructed) 

Emissions from the 
baseline scenario 

(metric tons CO2 per 
km of the road 
constructed) 

Additionality 
(metric tons 

CO2 per km of 
the road 

constructed) 
Kandewatta road, Atipola 46.6 0 (for no road) 46.6 
Tittawalgolla road, 
Dambulla 

11 5.7 (for gravel road) 5.3 

Wellaodara road, Ranna 5.8 5.7 (for gravel road) 0.1 
Mosque road, Kirinda 5.6 5.7 (for gravel road) -0.1 
Hummanaya road,  
Dickwella South 

103 5.7 (for gravel road) 97.3 

 
The positive and near zero values of the additionalities, shown in the last column of 

Table 7.13, reveal that none of the cases studied qualifies for Clean Development 
Mechanism (CDM) project. Nevertheless, when considering the fact that there is much 
enthusiasm among the rural road building communities as well as among the politicians 
to use cement-concrete to build the rural roads, this study points out that the gravel and 
the “metalling and tarring” roads have immense opportunities for CDM projects when the 
much celebrated companion, the concrete road, becomes the baseline scenario, which 
will soon be the case.   
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8. Conclusions & Recommendations 
 

Greenhouse gas emissions are part and parcel of a rural road, as it is with any other 
road. Most of the emissions stems from the vehicular use on the rural roads as well as 
from the vehicles, such as tractors, tippers and trucks, used in the transport of materials 
required to construct the rural road from places where the materials are available to the 
road site. Burning of the fossil fuel in the engines of these vehicles produce CO2 and other 
GHGs, such as methane, nitrous oxide and water vapour. Even though these gases have 
a greater potential to warm up the globe than the equal amount of CO2, the quantity of 
CO2 produced during the combustion of fossil fuels is much greater than the other gases 
produced. Therefore, the other GHGs produced by the combustion and calculate only the 
CO2 emissions stemming from the vehicles used during and after the construction of the 
rural roads are ignored. Also compete combustion of the fuel in the engines are assumed. 

Cumulative CO2 emissions stemming from the vehicular use on the rural roads 
studied falls in the range of 1.48 to 17.11 kg CO2 per km of rural road per day. Extending 
the above numbers to the entire 64,700 km of rural roads in Sri Lanka, it could be said 
that the emissions from rural road sector may lie in the range of 35 to 400 kt CO2 per 
year, which is about 0.6 to 7.4% of the CO2 emissions stemming from the entire 
transport sector in Sri Lanka. Owing to the low socio-economic status of the rural 
community, motorcycles and three wheelers, with their high fuel economies, and bicycles 
are the most popular mode of transport on the rural roads. Since the construction of rural 
roads only marginally affects the socio-economic status of the rural community, it is 
highly unlikely that the vehicular emissions from the rural road sector may experience a 
significant change in the near future. 

The socio-economic survey carried out among the villagers using the rural roads 
considered in this study confirmed that the villagers, of course, gain better access to 
schools, hospitals, markets, public offices, and transport with a properly constructed rural 
road than without it. However, the mobility and the accessibility gained by the villagers 
owing to the road constructed, as it is revealed by the survey, do not by default imply 
that the socio-economic status of their lives would improve. For instance, electricity 
supply, water supply and communication facilities do not improve because there is a 
road.  

The survey also revealed the crucial fact that almost all the villagers find in difficult to 
secure themselves a job regardless of the condition of the road they use. It means that, 
in contrary to our beliefs, an improved rural road seems to have little influence on the job 
opportunities for the people living by the road. However, the survey revealed that an 
improved rural road does make the people using the road feel good about their lives even 
though it may not at all contribute towards the people’s ability to find jobs, which is a 
fundamental right of a human. One thing many of the villagers interviewed liked about a 
rural road being constructed is that they get to be employed in the making of the road. 
Some of the villagers also want the road to be upgraded mainly because it would bring 
the much needed cash to their homes by being employed in improving the road.  

  When considering the emissions stemming from the rural road construction 
activities, the gravel road has the lowest total emissions per km of the road constructed, 
which is about 5.7 metric tons of CO2 per km of the road constructed. The “metalling and 
tarring” road emits twice as much as the gravel road, and the concrete road emits 10 to 
20 times more CO2 than what the gravel road emits. Of the two types of concrete roads 
studied, the 100 mm thick road made up of Grade 20 concrete emits twice as much as 
the 54 mm thick road made up of Mass C15 concrete.  

Despite the heavy CO2 emissions stemming from the construction of the concrete 
roads, concrete rural roads are preferred owing to its durability which requires very low 
maintenance. However, use of cement-concrete for road construction must be 



 46

discouraged since cement manufacture will soon be responsible for 10% of global GHG 
emissions32.  

Gravel roads, regardless of its low cost of construction and low emissions during 
construction, are not sustainable because of its unsealed surface. Apart from the dust 
problem associated with the gravel road with unsealed surface, a considerable amount of 
gravel is lost from the road surface due to the action of traffic and rainfall. Annual rates 
of gravel loss are estimated to exceed 5 cm of surface thickness33. With the continuous 
use of gravelling and re-gravelling rural roads, it is feared that the hauling distances of 
gravel would increase making gravel roads unaffordable to the rural communities. As of 
late, much concerns have been raised about the sustainability of the extensive use of 
gravel, a non-renewable resource, for rural road construction.  

It is therefore essential that if one chooses to make a gravel road, then steps must be 
taken to seal its surface using materials recommended34 or otherwise. I would also 
recommend “metalling and tarring” road whose cost of construction and the emissions 
from the construction are only slightly larger than that of the gravel road. Moreover, the 
sealed surface of these roads prevents material loss.  

The additionalities calculated for the roads studied show that there is no CDM 
opportunities in the rural road sector since the cost effective, and thus the most common, 
gravel rural road has the least emissions in both per km basis and in Rs basis. 
Nevertheless, when considering the fact that there is much enthusiasm among the rural 
road building communities as well as among the politicians to use cement-concrete to 
build the rural roads, this study points out that a “metalling and tarring” road has a 
doubtless opportunity as a CDM project.     

Innovative approaches to rural road construction, such as stabilization of local soils by 
lime, cement and bitumen emulsions, bamboo-reinforced concrete, clay bricks fired using 
rice husks as fuel, and stone surfacing are also considered as options for rural road 
constructions in Vietnam and elsewhere. Use of geopolymeric cement in place of Portland 
cement could also be considered if the economy works out favourably. Sri Lanka could 
and should look into these alternatives, known as green rural road technology, to the 
conventional rural road construction technologies from the emissions and costs point of 
views. This step is urgent chiefly owing to the rural development initiative that has come 
to the forefront of the political agenda.   

 
 

                                                 
32 Scientific Press. “The Concrete Jungle Overheats: Estimates of carbon dioxide emissions from one of the 
world’s growth industries have been grossly underestimated”. New Scientist, 19 July 1997, page 14. 
33 Gourley, C., Greening, A. Jones, D. and Petts, R. “Paving the Way for Rural Development & Poverty 
Reduction.” 20th Conference of ASEAN Federation of Engineering Organisations. Phnom Penh, Cambodia, 
2 – 4 September 2002.    
34 The World Bank. “Surfacing Alternatives for Unsealed Rural Roads,” September 2005 
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