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Keeping India’s climate commitments and goals in mind against the backdrop of highways 
as enablers of development, a rapid assessment was carried out to quantify the potential 
emissions of CO2 per km that can be avoided by the National highway operations. 
Using existing data available with the National Highways Authority of India (NHAI) and 
in consultation with experts from Ministry of Environment, Forest and Climate Change 
(MoEFCC), the report has been jointly prepared by CSIR-Central Road Research Institute 
(“CSIR-CRRI”), CSIR-Indian Institute of Petroleum (“CSIR-IIP”),  IORA Ecological Solutions 
(“IORA”) and The Energy and Resources Institute (“TERI”).
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Executive Summary

India has the 2nd longest road network in the world. Amongst the different types of 
roads, the National Highways (NH) extending to 1,44,634 km1 till date has contributed 

more than half of the existing highways (~77,265 kms)2 have been added. This rapid pace 

towns and villages into the national economy.  

Construction and maintenance of roads is known to be a source of CO2, which is over 
and above the  CO2

million tons of CO2 was emitted from the operation of fossil fuel run vehicles in India, 

2 emissions.3 The new and improved state of 
the art NH replacing congested and often circuitous routes, however, can help avoid 
CO2 emissions by reducing fuel combustion in vehicles plying on them. The avenue 
plantations and compensatory afforestation’s (CA) can additionally sequester CO2, thus  
adding to the offset of CO2 emitted from highway operations as a whole. 

1

2 Provided by NHAI
3
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This report presents a methodology for assessing the extent of CO2 that can be avoided 

length of 2,191.5 kms and located in India’s diverse climate zones and topography have 
been applied to estimate the potential CO2

assessment indicates that:

tonnes of CO2 2

2. Felling of trees outside forests and removal of forests done to pave the way for 

2.

if BAU conditions of highways persisted. In the BAU case, the share of petrol in the 

4. In the Improvement case, when the new highways  are operational, it is estimated 

the improvement case as compared to the BAU case. 

of the highways vis a vis  their road characteristics (width, roughness etc.) and wide 

7. Therefore due to vehicles plying on the newly constructed and improved highways, it 

2 will be avoided 
along the entire 2,191.54 kms of NH stretches, which is equivalent to an avoidance 
of 11,493 tonnes of CO2

2

of CO2 avoidance.

thousand tonnes of CO2

9. Adding up the CO2 emissions and sequestrations streams across all the stretches 
considered that together extend to a total of 2,191.54 kms, it is estimated that 

2

2 per km.

tonnes of CO2

equivalent to CO2 sequestered by 45.14 million trees.

11. A total of 77,265 kms of national highway has been constructed till date since 

2 annually and 
642.95 million tons of CO2 2 
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The detailed guidance for estimating tonnes 
of CO2 avoided per km of NH presented in 
this report can form the basis for tracking 
CO2 emitted or avoided due to this activity.  
For the per km CO2 avoided estimates to 

collation of observations post construction of 
NHs is suggested to be carried out and made 
available along with pre-NH construction 
data contained in the relevant EIAs and 
DPRs. Further to continuously enhance 
avoidance of CO2 emissions from this sector, 
it is suggested to develop commensurate 

SOPs that would  integrate the best available 
green technologies in the entire cycle of NH 
construction, operation and maintenance. 
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BACKGROUND 
AND OBJECTIVE

1.0



13

India is rapidly connecting all its states and union territories with National Highways (NH). 

all its states and union territories.  

Such construction activities are often perceived as sources of greenhouse gas (GHG) 
emissions, whereas improved highway capacity and quality may also reduce GHG 

stop-and-go driving), travel distance and time reduction between cities, and improvements 
in road surface characteristics. 

India has voluntarily committed to reduce the GHG emission intensity of its Gross 

fall in line with the requirements of the Paris Agreement, to which India is a signatory. 
Further, with reference to IPCC studies and reports, it is important to develop a procedure 
and associated templates for estimating net GHG values with a reasonable degree of 
accuracy in the context of land-use changes that occur when agricultural land, forests, or 
trees outside forests are acquired for purposes of highway development in India.

This report presents a methodology for assessing the potential CO2 that can be avoided 

diverse climate zones and topography in India to arrive at a CO2 that can be avoided per 
km of NH stretches constructed. The methodology can form the basis for formulating 
norms of monitoring/tracking CO2 emitted or avoided from NH constructed and hence 
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The twenty selected stretches of NH spanning 2,191.5 km are located in the mountainous 
regions of North and North-East, hilly regions of Western Ghats on the western coast, in 
Southern India, and in the eastern section of the Deccan plateau. The analysis is based 

Table 1 
below indicates the name, stretch length, number of lanes, and type of pavement. 

Table 1: National Highway Stretches Considered

S. 
No.

NH Section Length 
(km)

No. of 
Lanes 

Pavement 
Type (BT/

CC)

1 Eastern Peripheral Expressway (EPE) NE-2 6 CC

2 93.3 6 BT

3 Ismailabad-Narnual Section (Trans Haryana) NH-152D 6 BT

4 Delhi-Meerut Expressway (NE-3) BT

5 Chenani-Nashri Tunnel Section (NH-44) 2/4 BT, CC

6 Delhi -Agra Section (NH-2)  179.5 6 (4) BT

7 Chennai Madurai Highway (Tindivanam to Ulundurpet 
Section) NH-45  

 72.9 4 (4) BT

 291.1 6 (4) BT

9  94.9 4 (2) CC

Yedeshi-Aurangabad Section (NH-52) 4 (2) BT

11 Hyderabad Bangalore Highway (Thondupalli to Kurnool 
Section) NH-44  

4 (2) BT

12 Pune Solapur Highway (Yavat-Temburni Section) NH-65 4 (2) BT

13 Ranchi-Hazaribagh-Barhi Section (NH-33) 4 (2) BT

14 Guwahati to Nagaon Highway (Khanapara - Dharamtul 
Section) NH-27 

 66.6 4 (2) BT, CC

15 Walayar (KL/TN border)-Edapally Section (NH-544)   124.6 4/6 (2) BT

16 Porbandar-Dwarka Section (NH-51)  117.7 4 (2) CC

17 Pasighat-Bomjur, Arunachal Pradesh (NH-13)  22.2 2 (1) BT

Pasighat-Yingkiang Road (Singer River-Sizoh Nala Section), 
Ar.P (NH-513) 

 23.4 2 (1) BT

19 Delhi Dehradun Expressway 
(Akshardham - Kekhra Section) 

 31.2 6 (6) BT

 22.5 4 (2) BT

Total 2,191.5   

Note: BT- Bituminous, CC- Concrete; Values in the parenthesis in No. of Lanes column represent the lanes before widening; Source: NHAI
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On-ground NH activities follow the steps of construction, plantation and operations & 
maintenance. These three activities can be subdivided into eight sub-activities leading to 
either GHG emissions and  CO2 sequestration (Table 2). In terms of GHG emissions, this 
report accounts for only CO2.

For quantifying CO2 emitted, CO2 avoided and CO2 sequestered, relevant activity data 
have been collated from the Environment Impact Assessment reports (EIAs), Detail 
Project Reports (DPRs) and other Project Design Documents (PDDs) of each of the NH 
stretch considered. Operation data in terms of toll data and maintenance data for some 
stretches also has been sourced from NHAI data base. The methodology of estimation 
and the results are described in Chapter 3, followed by the Conclusion in Chapter 4 and 
the Way Forward in Chapter 5. 

Table 2: NH activities leading to CO2 emissions, CO2 sequestration and CO2 emission avoidance 
in NH construction and maintenance 

Phase of NH Activity related to National Highways Considered CO2 emission/ 
sequestration/avoidance

A NH 
Construction

1. Embedded emissions in construction material used Emission 

2. Transportation of Construction material Emission 

3. Operation of Construction Equipment Emission 

4. Biomass loss due to loss of forest areas & 
     Felling of trees outside forests

Emission 

B Plantation 5. Avenue plantation Sequestration 

6. Compensatory Afforestation Sequestration 

C NH 
Operations & 
Maintenance

 
     National Highway stretches

Avoided 

Emission
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3.1 Road Construction and Maintenance 
3.1.1 Methodology

This section highlights the methods available for estimating carbon footprint as well as 
the methodology adopted by TERI for the calculation of carbon emissions during the 
construction and maintenance phases of NH. 

Methods available for estimating GHG emissions from NH construction and maintenance 
include:

1. Environmental Input-Output (EIO): It uses a top-down approach to account for 

at the National level is used to calculate GHG emissions at the industry level based on 
the emission intensity of respective industries. This method is used to model carbon 
footprint and provides a holistic view of the economic interdependence of industries, 

2. Life Cycle Analysis (LCA): It is a process-based and uses a bottom-up or cradle-

outputs and the potential environmental impacts of a product system throughout its 

used throughout the life cycle of the product, including the production, consumption, 
and disposal stages. The limitation of this method is that it does not cover all upstream 

3. Hybrid IO-LCA:
approaches through various types of models, such as tiered hybrid, input-output 
based LCA, and integrated hybrid models.

This report adopts the LCA approach. The major reasons for the selection of the LCA 
approach to undertake this study are:

2. It systematically records and analyses the carbon emissions and carries out an 
integrated assessment throughout the entire life cycle of a product or service.

3. The LCA method has been widely accepted across the world to estimate the carbon 
footprint (CF) of infrastructure sectors, especially roads.

4. An end-to-end analysis of the product/service can be carried out considering all raw 
materials, transportation, production processes, and usage and disposal of the product. 

takes into account the international best practices for carrying out the LCA of road 
infrastructure. The LCA method has been adopted as it is the most widely used method to 
assess the environmental implications of products/services and product carbon footprint 
determination. 



The MS excel-based tool estimates emissions for different representative projects/
stretches, which generates highway-level emissions factors for different types of 
highways during the construction and maintenance phases. These emissions factors 
are then used to determine an estimate for the total CO2 emissions for the selected 
sections of NH. 

A similar excel-based approach has been adopted by the World Bank to estimate the life 
cycle emissions for the construction and maintenance phases of rail and road projects in 
the Democratic Republic of Congo.

Figure 1 highlights the phases and processes involved while calculating the CO2 emissions 
of highways during construction and maintenance phases. 

Table 3 highlights the parameters that need to be considered for estimating CO2 emissions 
from construction and maintenance of NH. It also indicates the parameters that have not 
been included in the present calculations and the rationale thereof.

Direct emissions from machinery, 
movement of labour, materials, 

etc. during C&M phases. Indirect 

sequestration potential lost

PHASES AND 
PARAMETERS 

INVOLVED DURING 
CONSTRUCTION 

AND MAINTENANCE 
PHASES OF NATIONAL 

HIGHWAYS

CONSTRUCTION AND 
MAINTENANCE AT SITE

WORK IN 
PROGRESS

MOVEMENT OF 
LABOUR

TRANSPORT OF 
MATERIALS

PRODUCTION OF 
MATERIALS

MAINTENANCE PHASE 
(ANNUAL + PERIODIC)

Embodied carbon of materials and 
fuel; and consumption of energy for 
transport of materials, labour, etc.

CONSTRUCTION 
PHASE1

2

Figure 1: Phases and processes involved while calculating CO2 emissions due to construction and 
maintenance of highways; Source: TERI
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usage, movement of fuel and material, movement of labour, etc. For the maintenance 
phase, periodic and annual maintenance have been considered to estimate the total CO2 
emissions in tonnes of CO2.

Table 3: Scope of LCA/CF framework for estimating project level/stretch-wise CO2 emissions

Carbon Sources Included Remarks/Sources

Construction Phase

Production of construction materials

Embodied energy and CO2 of construction 
material

Y
International values from Hammond and 

Indirect energy consumption and CO2: 
Energy consumed for constructing 
buildings, manufacturing machinery, etc., 
used for the production of materials

N The rationale for not including Capital 
assets common infrastructure used 
for producing construction materials 
for several projects; embodied energy 
cannot be included in one project

Transportation of construction materials

Direct CO2 due to fuel consumption by 
vehicles transporting construction materials

Y 2 emission factors from 

Embodied energy and CO2 of fuels used Y

Embodied energy and CO2 of vehicles/
transport modes used to transport 
construction materials

N Capital assets; common to several 
projects/non-construction activities.

On-site impacts

Direct CO2 emissions due to on-site fuel 
consumption (by construction machinery)

Y 2 emission factors from 

Embodied energy and CO2 emissions of 
fuel used (by construction machinery)

Y

Indirect energy consumption (energy 
consumed during the manufacturing of 
construction machinery/equipment used 
on-site)

N Rational for not including: Machinery/
equipment are common to several 
construction projects – need to 
proportionately distribute embodied 
energy to all projects where they are 

potential lost
Considered 
in section  

3.4

It is assumed that compensatory 
vegetation will be planted to make up for 
the carbon sequestration potential lost.

Maintenance Phase

Activities associated:
- Annual and periodic maintenance works.
- Material consumption (embodied energy 

and CO2)
- Energy use on-site

Y

Y

Y

International values from Hammond and 

2 emission 

Source: TERI
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The following equations is used for estimating CO2 emissions during the construction and 
maintenance phases:

Assumptions while calculating CO2 emissions during construction and maintenance phases 
are as follows: 

(Diesel)
3 3, Bituminous and concrete 

3

 For fuel consumption, the following factors have been considered:

 » On-site electricity consumption

 » Diesel consumption (generators, machinery and vehicles)

 » Petrol consumption (vehicles & machinery, if any)

 » Others, including the consumption of kerosene, LPG, natural gas and biomass at the 
site

3.1.2 CO2 emissions from road construction and maintenance
The total CO2 2

tCO2. Similarly, for the maintenance phases, CO2 2 to 
6,52,349 tCO2. Notable, the accuracy of the result is dependent on the input parameters, 
namely the quantity of materials consumed, fuel consumption at the site, and energy 
consumption for the movement of materials, staff/labour, etc. As seen in Table 4, the 
values for construction and maintenance of per lane km of NH vary across stretches as 
information provided by NHAI is limited in nature.

Total CO2 emissions = Material Usage + Fuel Usage + Transport of Materials, Labour, 
Fuel, etc.

2

2

2/kg of fuel))

..............................1



23

S. 
No.

NH Section Length considered 
for construction 

and maintenance 
phases (km)

No. of 
Lanes

Total CO2 
emissions during 

Maintenance 
(tonnes of CO2)

Total CO2 emissions 
(tonnes of CO2)

Maintenance Phase

1 Eastern Peripheral Expressway (EPE) NE-2 136 6 6,52,349

2 93.3 6 NE

3 Ismailabad-Narnual Section (Trans Haryana) 
NH-152D 

227 6 2,61,295 NE

4 Delhi-Meerut Expressway (NE-3) 72,656

5 Chenani-Nashri Tunnel Section (NH-44) 2/4 42,962 NE

6 Delhi-Agra Section (NH-2) 179.5 6 47,445

7 Chennai Madurai Highway (Tindivanam to 
Ulundurpet Section) NH-45  

72.9 4 57,427

291.1 6

9
Bypass Section (NH-44) 

93.54 4 NE

Yedeshi-Aurangabad Section (NH-52) 4 99,254

11 Hyderabad Bangalore Highway (Thondupalli 
to Kurnool Section) NH-44  

4 1,12,963

12 Pune Solapur Highway (Yavat-Temburni 
Section) NH-65 

4 45,794 NE

13 Ranchi-Hazaribagh-Barhi Section (NH-33) 114 4 99,431 NE

14 Guwahati to Nagaon Highway (Khanapara - 
Dharamtul Section) NH-27 

66.6 4 NE

15 Walayar (KL/TN border)-Edapally Section 
(NH-544)  

121.49 4/6 NE

16 Porbandar-Dwarka Section (NH-51) 117.7 4 NE

17 Pasighat-Bomjur, Arunachal Pradesh (NH-
13) 

22.2 2 51,167 NE

Pasighat-Yingkiang Road (Singer River – 
Sizoh Nala Section), Ar.P (NH-513) 

23.4 2 NE

19 Delhi Dehradun Expressway 
(Akshardham - Kekhra Section) 

31.2 6 NE

Banihal Section) NH-1A 
16.26 4 NE

Table 4: CO2 Emissions during Construction and Maintenance Phases

2 emissions for some of the stretches could 
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the following assumptions have been made:

 The vehicle types considered are: Cars- Small, Cars-Big, Motorized Two Wheelers 

 Road types mainly considered are: Single Lane, Two Lane, Four Lane Divided, Six Lane 
Divided and Eight Lane Divided

 The Passenger Car Units (PCU) for different vehicle types are considered from IRC 
4

 As fuel consumption equations are not available for CNG vehicles and also CNG 

fuel consumption estimations separately.

 Average values of road quality data (roughness, rise and fall etc.) from the entire section 
have been considered wherever individual sections data is not available.

 Toll data has been considered wherever it is available, but the peak hour phenomenon 
could not be observed in toll data because of the discharge at toll booths depend on 
service time which is almost constant.

 All limitations with respect to toll data are applicable, especially the no-inclusion of local 

the sections have been considered appropriately for estimation of Congestion Factors.

available DPR reports. All limitations of those DPRs are applicable to this study. 

3.2.1 Methodology 

been presented in Figure 2. Majorly, the equations and method of estimation for speed, 
congestion factors and fuel consumption have been considered from IRC guidelines.5 As 
per the equations and procedure given in these guidelines, the average speed has been 
estimated using road characteristics (road width, roughness, rise & fall, etc.) and also 

4

5
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Utilizing the estimated speed, fuel consumption has been estimated from the fuel 

consumption has been estimated for a day. 

These estimations have been made for alternate scenarios i.e. BAU and improved conditions 
(namely widening). Accordingly, the net savings have been estimated from these. The total 
framework is described in Equations (2) to (5).

Estimation of Average 
Speed (km/hr)

 
 Road Width
 Roughness
 Rise and Fall i.e. Gradient

Estimation of Fuel 
Consumption (ml/km)

Fuel Consumption with 
Volume (ml/km)

Total Fuel 
Consumption (ml/day)

 
 Average Speed
 Roughness
 Rise and Fall i.e. Gradient
  

   Power Weight Ratio etc.

 Existing Road (Before) - BAU
 Improved Road (After)

Net Savings 
= BAU - After

 Growth factors
  

 
 
 Road Width

Congestion 
Factor

 Toll Data
 DPR Data

 
 Road Length

Figure 2:
on national highways; Source: CSIR-Central Road Research Institute (CRRI)

Where 
vi 

k

Wk is Road Width (m) for Road type ’k’
RGk is Roughness (mm/km) for Road type ’k’
RSk is Rise (m/km) for Road type ’k’
FLk is Fall (m/km) for Road type ’k’
FCi 

k
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PWRi 

CFi 
k 

k

Ck

- C
k

FCk

Lk

Qi

considered for the estimation of fuel consumption. Utilizing the above methodology with 

period in the cases of Business As Usual (BAU), and Improvement and results are shown in 
Figure 3 (a) and (b) for petrol and diesel, respectively. From these results, it can be inferred 

of Diesel. In the case of the Improvement scenario, it can be inferred that the estimated 

details of these estimations with respect to vehicle wise given in Appendix A. The share 
of different vehicle types is presented in Figure 4 for both BAU and Improvement Cases. 

Figure 5, and the share of different vehicle types in fuel savings is shown in Figure 6. It can 
be seen from Figure 6 that major fuel consumption (savings) has been observed from the 
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Figure 3: Estimated fuel consumption on different NH sections for BAU and Improvement Case
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Figure 4: Share of fuel consumption of different vehicles types for BAU and Improvement Cases
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Figure 5: Estimated Fuel savings on different NH sections after improvement
Source: CRRI

Source: CRRI
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Figure 6: Share of fuel savings of different vehicle types after improvement

in Table 5. From Table 5, it can be seen that the estimated avoided fuel consumption is 

Table 5: Fuel saved and avoided CO2 emissions on selected NH stretches 

S. 
No.

NH Section Length 
(km)

Fuel Saved (Million 
Litres in 20 Years)

Fuel Saved 
(in %)

Petrol Diesel Petrol Diesel

1 Eastern Peripheral Expressway (EPE) 
NE-2 

2
(NE-1) 

93.3

3 Ismailabad - Narnual Section (Trans 
Haryana) NH-152D 

36.15 1,239.23

4 Delhi - Meerut Expressway (NE-3) 9.21

5 Chenani-Nashri Tunnel Section (NH-44) 5.23

6 Delhi - Agra Section (NH-2) 179.5 15.53

7 Chennai Madurai Highway (Tindivanam 
to Ulundurpet Section) NH-45  

72.9 4.46

Fuel Saved

LCV 4%

HCV 23%
MCV 53%

Auto 1%
MTW 2%

Bus 8%

Cars-Diesel
4%Cars-Petrol

5%
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S. 
No.

NH Section Length 
(km)

Fuel Saved (Million 
Litres in 20 Years)

Fuel Saved 
(in %)

Petrol Diesel Petrol Diesel

291.1 316.67

9
Bypass Section (NH-44) 

94.9 7.93 673.93

Yedeshi - Aurangabad Section (NH-52) 

11 Hyderabad Bangalore Highway 
(Thondupalli to Kurnool Section) NH-44  

12  Pune Solapur Highway (Yavat - 
Temburni Section) NH-65 

25.41

13 Ranchi-Hazaribagh-Barhi Section 
(NH-33) 

6.62 1,365.64

14  Guwahati to Nagaon Highway 
(Khanpara - Dharamtul Section) NH-27 

66.6

15  Walayar (KL/TN border) - Edapally 
Section (NH-544)  

124.6

16  Porbandar to Dwarka Section (NH-51) 117.7

17  Pasighat to Bomjur, Arunachal 
Pradesh (NH-13) 

22.2 3.59

Pasighat – Yingkiang Road (Singer River 
– Sizoh Nala Section), Ar.P (NH -513) 

23.4 5.25

19  Delhi Dehradun Expressway 
(Akshardham - Kekhra Section) 

31.2

- Banihal Section)  NH-1A 
22.5 16.46 53.26

Total 2,191.5 644.60 9,128.77

3.2.3 CO2 emissions avoided 
The estimated quantity of fuel saved/avoided, i.e. petrol and diesel due to new construction 

converted into CO2 based IPCC emission factorising fuel emissions by u (IPCC, 1996 and 
6.

Further, CO2

quantity of fuel saved /avoided into energy terms, which in turn is converted into CO2 by 
7 The calculation steps are 

given in Equation (6). 

6 IPCC, 1996. Revised guidelines for national greenhouse gas inventories, Intergovernmental Panel on Climate Change (IPCC), 

7

Co2  Emissions(kg) =  Factor (   — )kg .................6
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Avoided CO2 Emission

Figure 7: Estimated avoided CO2 emissions on different NH sections due to improvement; Source: CSIR - IIP
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Table 6: CO2 emissions saved in selected NH stretches 

S. 
No.

NH Section Length 
(km)

CO2 Emission 
Saved (Tonnes) 

- 20 Years

CO2 Emission 
Saved (Tonnes 

per km) - 20 
Years

Green Field

1 Eastern Peripheral Expressway (EPE) NE-2 

2 93.3

3 Ismailabad - Narnual Section (Trans 
Haryana) NH-152D 

14,553.42

4 Delhi - Meerut Expressway (NE-3) 2,544.17

5 Chenani - Nashri Tunnel Section (NH-44) 

Brown Field

6 Delhi - Agra Section (NH-2) 179.5

7 Chennai Madurai Highway (Tindivanam to 
Ulundurpet Section) NH-45  

72.9

291.1

9
Bypass Section (NH-44) 

94.9

Yedeshi - Aurangabad Section (NH-52) 

11 Hyderabad Bangalore Highway 
(Thondupalli to Kurnool Section) NH-44  
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S. 
No.

NH Section Length 
(km)

CO2 Emission 
Saved (Tonnes) 

- 20 Years

CO2 Emission 
Saved (Tonnes 

per km) - 20 
Years

12 Pune Solapur Highway (Yavat - Temburni 
Section) NH-65 

41,444.77

13 Ranchi-Hazaribagh-Barhi Section (NH-33) 35,66,376.17

14 Guwahati to Nagaon Highway (Khanpara - 
Dharamtul Section) NH-27 

66.6

15 Walayar (KL/TN border) - Edapally Section 
(NH-544)  

124.6

16 Porbandar to Dwarka Section (NH-51) 117.7

17 Pasighat to Bomjur, Arunachal Pradesh 
(NH-13) 

22.2 9,661.73

Pasighat – Yingkiang Road (Singer River – 
Sizoh Nala Section), Ar.P (NH-513) 

23.4

19 Delhi Dehradun Expressway (Akshardham 
- Kekhra Section) 

31.2 64,474.42

Banihal Section)  NH-1A 
22.5 1,75,447.16

Total 2,191.5 2,51,86,977.61 11,493.03

3.3 Carbon Loss due to Loss of Green Cover
3.3.1 Methodology

Green cover here refers to forest area and trees outside forests (ToF). The biomass lost 
due to felling of  ToF and clearance of forests that pave the way for construction of National 
Highways in most cases, lead to CO2 emissions. The biomass  pools can be divided into  
Above Ground Biomass (AGB), Below Ground Biomass (BGB), and Soil Organic Carbon 
(SOC). Deadwood and litter also form part of the biomass pool.  Equation 7 below depicts 
the methodology used for estimating CO2 emissions from loss of biomass due to removal 
of forests and felling of ToF. Note that the deadwood and litter biomass pool has not been 

9).

CO2 emitted due to loss of green cover is expressed as:

CO2 emitted from loss of green cover =

i=1

 ………………………………….(7)

from https://fsi.nic.in/carbon_stock/cover.pdf
9

Source: CSIR - IIP
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Here i indicates the stretches of NH                                                                                                

AGB: Above Ground Biomass

BGB: Below Ground Biomass

SOC: Soil Organic Carbon and

44/12 is the CO2-C ratio for converting C to CO2

3.3.2 CO2 emissions due to loss of forest area and felling of trees outside 
forests

The basic data required pertaining to loss in forest area and TOFs felled is sourced from the 
EIAs and DPRs of NIAH for the corresponding projects. The number of ToFs felled have 

equation 1,  and taking per ha values of C stock in AGB, BGB and SOC of ToF and forests 
from FSI’s Carbon reports, the total Carbon loss is 1st calculated of the it is estimated 
which is then converted to CO2 using the CO2-C ratio. CO2 emission estimated as a result 

2. 
Table 7 details the area lost, and corresponding C and CO2 emitted due to the felling of ToF 
and loss in forest areas.

Table 7: CO2 emitted due to loss of forest area and felling of trees outside forests

 S. 
No.

NH Section Stretch 
Length 

(km)

Forest 
Area 
loss 
(ha)

ToF 
area 

felled 
(ha)

Carbon 
Loss in 

AGB

Carbon 
Loss 

in BGB 
(tonnes)

Carbon 
Loss 

in SOC 
(tonnes)

Total 
CO2 Loss 
(tonnes)

1 Eastern Peripheral 
Expressway (EPE) NE-2 

136 6 252 29 3,925 

2
Expressway (NE-1) 

93 NO NO NE NE NE NE

3 Ismailabad-Narnual 
Section (Trans Haryana) 
NH-152D 

227  59 

4 Delhi-Meerut 
Expressway (NE-3) 

 52 

5 Chenani-Nashri Tunnel 
Section (NH-44) 

11  65  NO  1,932  5,446 

6 Delhi-Agra Section 
(NH-2) 

 177  1,494  9,316  14,616 

7 Chennai Madurai 
Highway (Tindivanam 
to Ulundurpet Section) 
NH-45  

73  ND  ND  NE  NE  NE  NE 
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 S. 
No.

NH Section Stretch 
Length 

(km)

Forest 
Area 
loss 
(ha)

ToF 
area 

felled 
(ha)

Carbon 
Loss in 

AGB

Carbon 
Loss 

in BGB 
(tonnes)

Carbon 
Loss 

in SOC 
(tonnes)

Total 
CO2 Loss 
(tonnes)

Section (NH-44) 
291  1,163  ND  4,567 1,13,413

9 MP/MH Border to 

Bypass Section (NH-44) 

95  ND  ND  ND  NE  NE  NE 

Yedeshi-Aurangabad 
Section (NH-52) 

 2  1,136  454  22,233 

11 Hyderabad Bengaluru 
Highway (Thondupalli to 
Kurnool Section) NH-44  

 ND  631  635  5,557 

12 Pune Solapur Highway 
(Yavat-Temburni 
Section) NH-65 

 22  31  667  267  2,574 

13 Ranchi-Hazaribagh-
Barhi Section (NH-33) 

114  36  1,137  9,537 

14 Guwahati to Nagaon 
Highway (Khanpara 
- Dharamtul Section) 
NH-27 

67  32  592  232 

15 Walayar (KL/TN border)-
Edapally Section 
(NH-544)  

125  7  5,954  16,674 

16 Porbandar-Dwarka 
Section (NH-51) 

 266  ND  3,793 

17 Pasighat-Bomjur, 
Arunachal Pradesh 
(NH-13) 

22  45  ND  327  4,459  6,374 

Pasighat-Yingkiang 
Road (Singer River – 
Sizoh Nala Section), 
Ar.P (NH-513) 

23  ND  292  1,172 

19 Delhi Dehradun 
Expressway 
(Akshardham - Kekhra 
Section) 

31  11  ND  152  453  665 

Highway (Quazigund - 
Banihal Section) NH-1A 

23  19  1,973  5,562 

 Total 2,192  2,179  32,699  42,855  14,229 1,84,719 6,52,601 

ND= No data, NO= Not Occurring, NE = Not estimated; Source: IORA
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3.4 CO2 Sequestration due to Avenue Plantations and  
 Compensatory Afforestation
3.4.1 Methodology

Avenue plantations, median plantations and Compensatory Afforestation (CA) offer CO2 
sequestration opportunities to offset Carbon loss due to felling of trees and clearance of 
forests during NH construction. In India, such plantations are done as per the guidance 

9

parameters to estimate the total CO2 that can be sequestered by avenue plantations and 
CA over a twenty year period. The period of sequestration chosen here is line with the 

 for stored carbon to 
reach its equilibrium. This period is also in line with the time period of economic analysis of 
highway projects. Data for the assessment is availed from EIAs and DPRs of the respective 
projects from NHAI.

11 Information available for 
the National Highway stretches for Compensatory afforestation is the number of trees 

Here 

AGB = Above Ground Biomass
BGB = Below Ground Biomass
CA= Compensatory Afforestation 
AP = Avenue Plantation 
MP= Median Plantation 
SOC = Soil Organic Carbon
dm = dry matter

n = number of stretches

Where 

yr x CF of dm

C  in BGB = tons of dry matter in AGB x R

9

11
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3.4.2 CO2 sequestration due to avenue plantation and compensatory afforestation

Based on expert judgement, three scenarios have been considered to capture the 
likely variability in the biomass growth and tree mortality rates. The three scenarios are 
presented in Table 9, and they are best case biomass growth scenario, average case 
biomass growth scenario and low case biomass growth scenario. The mortality rates 

2 sequestration potential of the 

thousand tonnes of CO2, if the plantations grow at a maximum biomass growth rate of 13.5 t 
dm/ha/yr with no mortality registered. For the worse-case scenario if the plantations grow at 

sequester 419.25 thousand tons of CO2 cumulatively within the same period. Whereas an 

2 for all the stretches in the 

2 sequestration that can 

forest land. Wherever information on the number of trees planted was available, they have 
been converted to the equivalent area of plantation
submitted for CA is available, it has been converted to the area in ha by considering per 

The estimates of annual C sequestration per ha in AGB, BGB and in soil assumes three 

Table 8: Scenarios applied to estimate CO2 sequestration from avenue plantations and 
compensatory afforestation

AGB Growth rates* t dm/ha/yr Mortality rates

Best case scenario 13.5 Nil, 20%, 40%

7.8 Nil, 20%, 40%

Low Case scenario 2.0 Nil, 20%, 40%

*Pertains to tropical and subtropical forest domain as available in 2006 IPCC Guidelines for National Greenhouse 
Gas Inventories

Source: IORA



Table 10: Potential CO2 sequestration by avenue plantations and Compensatory Afforestation over a 

S. 
No.

Stretches Length 
(km)

No. of 
avenue 

trees 
planted 

(No.)

No. Of 
median 

trees/
bushes 
planted 

(No.)

Trees 
planted   

in CA 
(No.)

Cumulative 
area  of 

Plantation 
(Ha)

CO2 
sequestered  
in 20 years 

with 0 
mortality 

(tCO2)

CO2 
sequestered  

with 20% 
mortality

(tCO2)

CO2  
sequestered 

with 40% 
mortality

(tCO2)

1 Eastern Peripheral 
Expressway (EPE) 
NE-2 

136 1,63,431 69,464 296 71,731 

2 Ahmedabad 

Expressway (NE-1) 

93.3  NO  NO  NO  NE  NE  NE  NE 

3 Ismailabad - Narnual 
Section (Trans 
Haryana) NH-152D 

227 1,49,756 1,599 1,37,615 

4 Delhi-Meerut 
Expressway (NE-3) 

46,799 1,36,624 

5 Chenani-Nashri 
Tunnel Section 
(NH-44) 

 ND  ND 1 121 97 77 

6 Delhi-Agra Section 
(NH-2) 

179.5 1,27,463 ND ND  127  17,137 

7 Chennai-Madurai 
Highway (Tindivanam 
to Ulundurpet 
Section) NH-45  

72.9 ND 35,216 

Section (NH-44) 
291.1  ND 163  13,992 

9 MP/MH Border to 

Bypass Section 
(NH-44) 

94.9  7,159  24,311  ND  25  3,416  2,733 

Yedeshi-Aurangabad 
Section (NH-52) 

11 Hyderabad-
Bengaluru Highway 
(Thondupalli-Kurnool 
Section) NH-44  

32,691 

12 Pune Solapur 
Highway (Yavat-
Temburni Section) 
NH-65 

 11,277  7,217 

Table 9: Potential CO2 sequestration by Avenue plantation and Compensatory Afforestation for 
three biomass growth rate and mortality scenarios

Biomass Growth Rates CO2 sequestration (tCO2)

0% 
mortality

20% 
mortality

40% 
mortality

Best case scenario with AGB growth rate of 13.5t dm/ha/yr 6,43,441.3 5,14,753

4,67,417.9

4,19,252.3

Source: IORA
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S. 
No.

Stretches Length 
(km)

No. of 
avenue 

trees 
planted 

(No.)

No. Of 
median 

trees/
bushes 
planted 

(No.)

Trees 
planted   

in CA 
(No.)

Cumulative 
area  of 

Plantation 
(Ha)

CO2 
sequestered  
in 20 years 

with 0 
mortality 

(tCO2)

CO2 
sequestered  

with 20% 
mortality

(tCO2)

CO2  
sequestered 

with 40% 
mortality

(tCO2)

13 Ranchi-Hazaribagh-
Barhi Section (NH-33) 

114  114  62,396  79 

14 Guwahati to Nagaon 
Highway (Khanpara 
- Dharamtul Section) 
NH-27 

66.6  67  32,146  61  6,533  5,226 

15 Walayar (KL/TN 
border)-Edapally 
Section (NH-544)  

124.6  4,765  44,711  ND  5,154  4,123 

16 Porbandar to Dwarka 
Section (NH-51) 

117.7  ND  ND  9,159  7,327 

17 Pasighat to Bomjur, 
Arunachal Pradesh 
(NH-13) 

22.2  ND  ND  ND  NE  NE  NE  NE 

Pasighat-Yingkiang 
Road (Singer River-
Sizoh Nala Section), 
Ar.P (NH-513) 

23.4  ND  ND  ND  NE  NE  NE  NE 

19 Delhi Dehradun 
Expressway 
(Akshardham - 
Kekhra Section) 

31.2  ND  ND  ND  NE  NE  NE  NE 

Highway (Quazigund-
Banihal Section) 
NH-1A 

22.5  5,747  3,743  ND  9  736 

 Total 2,191.5           4,895  7,30,341  5,84,272 4,67,418 

Note: NO= Not Occurring, NE = Not Estimated, ND = No Data

3.5 Net CO2 Avoided from NH Construction 
 and Operations
We have so far estimated CO2 emission, CO2 avoided, and CO2 sequestration due to 
road construction, forest loss, tree felling, road operations, Road maintenance, avenue 
plantation, and compensatory afforestation, respectively. Adding up all this would lead us 
to assess net C avoided or emitted.

The following Equation (9) is applied to arrive at the net CO2  avoided/emitted

Net CO2 avoided or emitted in terms of CO2
........(9)

Where B, C, D, E and F are as follows:

B = Potential CO2

C = Potential CO2

D= CO2 emitted due to Forest clearance and felling of trees outside forests 
E = CO2 emitted due to NH construction 
F = CO2 emitted due to NH maintenance

Source: IORA



The estimates show that the C emissions can be avoided due to NH construction by avenue 
plantations and smoother NH operations with respect to business as usual (Table 11). The 
CO2 sequestration vales considered here correspond to an average case growth rate of 

2. On a per km basis, the avoidance can be 

2. A stretch-by-stretch mapping of net C emissions 

leading to net avoidance of C after their construction, but there are some stretches where 
net C emissions are still taking place.

Figure 8: Stretch by stretch estimated CO2 avoided or emitted

Table 11: CO2 avoided due to cumulative effect of NH construction, loss of ToF, forest area loss, NH operations 
and maintenance

 A B C D E F G=B+C-D-E-F

S. 
No

NH stretches Length CO2 saved 
from NH 

operations 
along the 

entire stretch

CO2 
sequestered 

in Avenue 
plantation 

+ CA

CO2 emitted 
from Forest 

clearance 
& felling of 

TOF 

CO2 emitted 
due to NH 

construction 
& 

maintenance

CO2 emitted 
during 

maintenance

Net CO2 
Emitted /
Avoided*

  Km  tCO2 tCO2 tCO2 tCO2 tCO2

 Green Field

1 Eastern Peripheral 
Expressway (EPE) NE-2 

3925.24

2
Expressway (NE-1) 

3 Ismailabad - Narnual Section 
(Trans Haryana) NH-152D 

4 Delhi - Meerut Expressway 
(NE-3) 

136624.2 29167.79

5 Chenani-Nashri Tunnel 
Section (NH-44) 

5446.17

2 avoidance, and -ve values indicate net CO2 emission
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 A B C D E F G=B+C-D-E-F

S. 
No

NH stretches Length CO2 saved 
from NH 

operations 
along the 

entire stretch

CO2 
sequestered 

in Avenue 
plantation 

+ CA

CO2 emitted 
from Forest 

clearance 
& felling of 

TOF 

CO2 emitted 
due to NH 

construction 
& 

maintenance

CO2 emitted 
during 

maintenance

Net CO2 
Emitted /
Avoided*

  Km  tCO2 tCO2 tCO2 tCO2 tCO2

 

6 Delhi - Agra Section (NH-2) 14615.57

7  Chennai Madurai Highway 
(Tindivanam to Ulundurpet 
Section) NH-45  

(NH-44) 

9
on Nagpur Bypass Section 
(NH-44) 

94.9

 Yedeshi - Aurangabad 
Section (NH-52) 

22233.26

11  Hyderabad Bangalore 
Highway (Thondupalli to 
Kurnool Section) NH-44  

5556.96

12  Pune Solapur Highway 
(Yavat - Temburni Section) 
NH-65 

13  Ranchi-Hazaribagh-Barhi 
Section (NH-33) 

3566376 9537.14

14  Guwahati to Nagaon 
Highway (Khanpara - 
Dharamtul Section) NH-27 

6532.95

15  Walayar (KL/TN border) - 
Edapally Section (NH-544)  

16674.23

16  Porbandar to Dwarka 
Section (NH-51) 

7326.9 19329.71

17  Pasighat to Bomjur, 
Arunachal Pradesh (NH-13) 

 Pasighat – Yingkiang Road 
(Singer River – Sizoh Nala 
Section), Ar.P (NH-513) 

19  Delhi Dehradun 
Expressway (Akshardham - 
Kekhra Section) 

665.19

(Quazigund - Banihal 
Section)  NH-1A 

175673.475 5562.41

 Total 2191.50 25186977.61 584272.40 652600.98 5716659.00 1164684.00 18236616.28

Note: The +ve values represent net CO2 avoidance, and -ve values indicate net CO2 emission
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2 
avoided per km value derived from the exercise carried out so far, it is estimated that the 

tCO2 annually and 642.95 million tCO2

CO2 2 sequestration by 
each parcel of NH built annually.

Table 12: CO2

Year
Construction as 

of Jan 2023*
Construction as 

of Jan 2023*

Total NH 
Construction as 

of Jan 2023*

CO2 avoided 
annually

CO2 avoided 
in next 20 

years

Equivalent no. 
of trees 

 Km Km Km tons Tons No.

- 3,66,97,374

- 2,49,66,42,659

- 34,24,672.17

135 9,693

-

- 42,27,271.2

96 12,531 12,627

 

475 5,233 23,74,927.56 2,35,12,35,159

Total 706 76,559 77,265 3,21,47,648.55 64,29,52,971 31,82,69,41,932

*Data provided by NHAI, February 2023
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SUMMARY 
RESULTS

4.0
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This report presents a methodology for assessing the extent of CO2 that can be avoided 

length of 2191.54 kms and located in India’s diverse climate zones and topography have 
been applied to estimate the potential CO2 that can be avoided by the National highways. 

The results of this assessment indicates that:

tCO2 2

2. Felling of trees outside forests and removal of forests done to pave the way for 

2. 

BAU conditions of highways persisted. In the BAU case, the share of petrol in the total 

4. In the Improvement case, when the new highways are operational, it is estimated 

improvement case as compared to the BAU case. 

of the highways vis a vis their road characteristics (width, roughness etc.) and wide 

7. Therefore due to vehicles plying on the newly constructed and improved highways, it 

2 will be avoided  along the 
entire 2,191.54 kms of NH stretches, which is equivalent to an avoidance of 11,493 
tCO2

2

CO2 avoidance.

tCO2

9. Adding up the CO2 emissions and sequestrations streams across all the stretches 
considered that together extend to a total of 2191.54 kms, it is estimated that 

2

2 per km.

tCO2

CO2 sequestered by 997 million trees (See details in Annex 2). 

11. Further based on the per km CO2 sequestration potential estimated, it is inferred that 

million tCO2 annually and 642.95 million tCO2

equivalent to CO2 sequestration by 36,149 million trees (See Table 13).
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WAY 
FORWARD

5.0
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highlights concerns around land-use change and explicitly states (Section 7.3.1.2) that 
“among infrastructural developments, roads are one of the most consistent and most 
considerable factors in deforestation, particularly in tropical frontiers.” The exercise 
presented herein documents a detailed guidance for estimating  tCO2 avoided per km of 
NH and can form the basis for tracking CO2 emitted or avoided due to this activity.  

vegetation loss, there is a case for integrating opportunities for enhancing CO2 avoidance 
and sequestration in the entire NH construction, operation and maintenance cycle and 

2 avoidance values for a 
more rigorous assessment of CO2 avoided by this sector.

The present assessment is the 1st step towards quantifying the amount of CO2 emissions 
avoided due to lower fuel consumption on improved and widened roads of the highways 
and due to ancillary activities of NH such as plantations done along the roads and the 
compensatory afforestation. The following sections offer suggestions that would lead 

2 

avoidance values further leading to bridging of data gaps currently existing.

5.1 Development of Guidance for enhancing 
 CO2 avoidance for NH system 
Further to continuously enhance avoidance of CO2 emissions from this sector, that would 

the entire cycle of NH construction, operation and maintenance. Methods of resource 

materials for roads and sidewalks, green fuel for construction, better practices of highway 

evaluated and integrated. This would be further strengthened by formulation of a strong 
monitoring and evaluation framework for feedback into the system.

5.2 Road Construction and Maintenance

of material sources, use of local and recycled materials etc., are major factors that can 
lead to a reduction in GHG emissions. It is recommended to conduct a comparative 
assessment study of the alternative technologies and materials in terms of GHG emission 
prior to decision making to utilize them in road construction. It is also recommended to 

5.3 NH Operations
As present estimation of fuel consumption on different studies has been done with 
limited data and some logical assumptions, these can be overtaken by conducting studies 
on a large number of sections in order to develop a generalized methodology for fuel 



consumption estimations on NHs. Other direct and indirect impacts due to accidents 
and road user costs during road construction and operations have to be appropriately 
considered in order to holistically estimate the savings from the construction or 

NHs need to be considered appropriately and analyzed accordingly to evaluate the overall 

5.4 Plantation and Afforestation
The limitations of this study are that it is based entirely on proposed plantation data as 
indicated in the EIAs and the Project Design Documents of NH stretches considered. 
The study also assumes uniform growth rates and survivals across all the stretches 
considered. In the actual scenario, however growth rates vary from species to species 
and across regions. Further, there are data documentation gaps in some stretches, such 
as the number and species of trees that were felled and are proposed to be planted. The 
EIA and PDDs of some stretches have not documented complete information separately 
of avenue trees and total no. of median trees/bushes to be planted, girth of trees to be 
felled by species and do not report the status of soil C in forest area lost. Data is also not 
available on the area of CA and the actual number and species planted, including the date 
of the plantation. No post-plantation monitoring data is available that can provide actual 
growth rates and survivals or status of soil organic carbon. 

It is therefore important that systematic documentation of this data is ensured and access 
to all plantation information is made available for replantation as and when required. 
This detailed documentation will capture the species-wise regional diversity in growth 
rates, and survival rates of the trees planted and, as a loss will enable a more accurate 
assessment of:

 The extent of carbon loss due to the felling of forest areas and trees outside for road 
construction using satellite data

 Carbon sequestration due to different avenue tree and median tree species planted 

 Carbon sequestration by Compensatory Afforestation 

 Design avenue plantation monitoring protocol and maintenance protocols to ensure 
survival at acceptable levels.
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Appendix A
Table A1:

Material

Soil brought to site from outside

Soil removed from site (not used on site)

Natural sand

Gravel

Laterite

Kankar

Crushed Stones

Crushed slag

Reclaimed Concrete

Cement lime/ limestone dust, etc.

Bricks

Coarse Aggregate

Fine Aggregate

Water

Ordinary Portland Cement

Portland-Pozzolana Cement

Portland slag Cement

Chemical Admixture

Fly Ash

Granulated blast furnace slag

Ready-mix concrete

Steel reinforcement

Other steel

Bitumen/tar

Cationic Bitumen emulsion

Paint

Fuel/Power

On-site electricity

Diesel (generators)

Diesel (machinery and vehicles)

Petrol 

CNG

Furnace Oil

LDO

Kerosene

LPG

Natural Gas

Biomass

Source: AEI 2009 and Hammond and Jones 2008
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Appendix B
To calculate the equivalent number of trees that can  sequester  the net CO2 emissions 
from National Highways, the  following equation has been used:

No. of equivalent trees =  CO2 avoided annually/ (C to CO2 conversion ratiox BF x GRB x 
no. of trees /ha) 

Where 
 CO2

 C to CO2  conversion factor = 3.67

 no. of trees planted per ha = 666

The  following table estimates the number of trees using equation above

Table B1: Number of trees that can sequester equivalent amount of CO2 avoided due to 

Tonnes of 
CO2 avoided 
in 20 years

Tonnes of 
CO2 avoided 
annually

Equivalent 
tons C avoided 
annually

Equivalent 
Biomass 

Equivalent 
Hectares of 
Plantation

Equivalent no. of 
trees  that need 
to be planted 

A B C D E F

4,51,36,717.12

*Here the tCO2 avoided in 20 years has been taken from Table 12 for the average growth rate scenario 
and 20% mortality
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