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Introduction/Background

PLATEAUED

2050 TARGET!

Gross

Net



Problem

Half Emissions by 2030

Reach emissions by 2050

Reduce Construction 

Emissions by 40% by 2025



Problem

Carbon Emissions/ Carbon Accounting

Technically challenging (Crampton 2022)

Complex (Elhag 2015)

Focus on direct costs (Alsadi & Matthews 2020)

No clear understanding (BDO 2023)

No need to quantify (BDO 2023)

Different standards and systems (Pandey et al. 2011)



Aim:

Simplify 

the 

method



GHG 

Protocol
ISO14064 PAS2050 2006 IPCC 

Guidelines
ISO 14025 ISO14067

Recommendations - Ministry of the Environment

Carbon Methodology



GHG Protocol – Basic 
Group Scopes 

Carbon Methodology

S1 Direct 
Emissions

Emission 
Controlled by 
the company

Fuel used

S2 Indirect 
Emissions

Emissions from 
the generation 
of purchase 
electricity

Electricity

S3 Indirect 
Emissions 
- Other

Other indirect 
emissions



ISO 14064 - Standard

Carbon Methodology

Scope 1 C1
Direct GHG Emissions – 

Think fuel used/burn – petrol/diesel! 

Scope 2 C2
Indirect GHG emissions –

Think electricity! 

Scope 3

C3

Indirect GHG emissions from -- Transportation 

- Business Travel

- Freight Transport

- Employee Commute

C4
Indirect GHG emissions from products an 

organisation uses

- Materials and waste

C5
Indirect GHG emissions

(use of products from the organisation)

C6
Indirect GHG emissions

(other sources)



GHG Protocol – Scope 3

Carbon Methodology

Scope 1 Direct GHG Emissions and Removals - Fuel
Scope 2 Indirect GHG emissions from imported energy

Scope 3

C1 Purchased Goods and Services
C2 Capital Goods
C3 Fuel and Energy Related Activities (Not included in Scope 1 or 

2)
C4 Upstream Transportation and Distribution
C5 Waste Generated in Operations
C6 Business Travel
C7 Employee Commuting
C8 Upstream Leased Assets
C9 Downstream Transportation and Distribution
C10 Processing of Sold Products
C11 Use of Sold Products
C12 End-of-Life Treatment of Sold Products
C13 Downstream Leased Assets
C14 Franchises
C15 Investments



GHG Protocol – Scope 3 
standard

Carbon Methodology

Scope 1 Direct GHG Emissions and Removals - Fuel

Scope 2
Indirect GHG emissions from imported 
energy

Scope 3

C1 Purchased Goods and Services

C2 Capital Goods

C3
Fuel and Energy Related Activities (Not 
included in Scope 1 or 2)

C4 Upstream Transportation and Distribution

C5 Waste Generated in Operations

C6 Business Travel

C7 Employee Communiting

C8 Upstream Leased Assets

C9
Downstream Transportation and 
Distribution

C10 Processing of Sold Products

C11 Use of Sold Products

C12 End-of-Life Treatment of Sold Products

C13 Downstream Leased Assets

C14 Franchises

C15 Investments

Scope 1 C1 Direct GHG Emissions and 
Removals - Fuel

Scope 2 C2 Indirect GHG emissions 
from imported energy

Scope 3

C3
Indirect GHG emissions 
from Transportation 
- Freight Transport
- Employee Commute

C4

Indirect GHG emissions 
from products an 
organisation uses
- Materials and waste

C5
Indirect GHG emissions
(use of products from the 
organisation)

C6 Indirect GHG emissions
(other sources)

ISO 14064

Scope 1
Direct GHG Emissions and 
Removals - Fuel

Scope 2
Indirect GHG emissions from 
imported energy

Scope 3
Indirect GHG emissions 
(Optional)

GHG Protocol



Carbon Methodology

Define Goals, Scope, 

and Assumptions

Set Study Boundary

Work Breakdown 

Structure

Identify Sources

Select calculation 

approach

Collect data and 

choose emission 

factors

Calculate GHG 

Emissions

Roll Up data / 

Reporting



Carbon Methodology – Set Study Boundary

Define Goals, Scope, 

and Assumptions

Set Study Boundary

Work Breakdown 

Structure

Identify Sources



Carbon Methodology – Set Study Boundary

Define Goals, Scope, 

and Assumptions

Set Study Boundary

Work Breakdown 

Structure

Identify Sources



Carbon Methodology – Work Breakdown Structure 

Define Goals, Scope, 

and Assumptions

Set Study Boundary

Work Breakdown 

Structure

Identify Sources

Mobilisation

Excavate Trench

Install Bedding 

(Underlay)

Install Pipe

Install Bedding 

(Overlay)

Install Backfill

Surface Finishing

Demobilisation

Transport  

Excavator

Truck Transport

Import - 

Aggregates

Truck Transport

Pipes, Manholes

Truck Transport

Minor Plant 

Vibro 

plate/Wacker

Truck 
Transport 
Export - 
Tipping

Truck 

Transport 

Export 

Excavator

Pipe 
Aggregates

Scope 1 Scope 3 Scope 3



Calculation Methodology

Select calculation 

approach

Collect data and 

choose emission 

factors

Calculate GHG 

Emissions

Roll Up data / 

Reporting

Emission (kg CO2e) = Activity Data x Emission Factor



Calculating Activity Values

Select calculation 

approach

Collect data and 

choose emission 

factors

Calculate GHG 

Emissions

Roll Up data / 

Reporting

Scenario – Open Cut, 150ø pipe, 1m depth

Unit Qty 

Pipe Material Pipe 

Diameter (ø)

150 m     100 

Aggregate Material tonnes (t) 95 t        95 

Excavator Fuel Diesel Stationary 

Combustion of Fuels:

Industrial Use

L     300 

Small Plant - 

Wacker

Petrol Fuel L        18 

Small Plant - Vibro Petrol Fuel L        26 

Truck - Mobilisation Diesel Heavy Goods Vehicle

7,500<10,000kg

km     160 

Transport - 

Aggregates

Diesel Heavy Goods Vehicle

7,500<10,000kg

km  1,760 

Transport - Pipes Diesel Heavy Goods Vehicle

7,500<10,000kg

km     160 

Truck - 

Demobilisation

Diesel Heavy Goods Vehicle

7,500<10,000kg

km     160 

Employee 

Commuting

Petrol Light Commercial 

Vehicles

2000<3000cc

km     960 

Unit Qty 

Pipe Material Pipe 

Diameter (ø)

150 m     100 

Aggregate Material tonnes (t) 95 t        95 

Excavator Fuel Diesel Stationary 

Combustion of Fuels:

Industrial Use

L     300 

Small Plant - 

Wacker

Petrol Fuel L        18 

Small Plant - Vibro Petrol Fuel L        26 

Truck - Mobilisation Diesel Heavy Goods Vehicle

7,500<10,000kg

km     160 

Transport - 

Aggregates

Diesel Heavy Goods Vehicle

7,500<10,000kg

km  1,760 

Transport - Pipes Diesel Heavy Goods Vehicle

7,500<10,000kg

km     160 

Truck - 

Demobilisation

Diesel Heavy Goods Vehicle

7,500<10,000kg

km     160 

Employee 

Commuting

Petrol Light Commercial 

Vehicles

2000<3000cc

km     960 

Unit Qty 

Pipe Material Pipe 

Diameter (ø)

150 m     100 

Aggregate Material tonnes (t) 95 t        95 

Excavator Fuel Diesel Stationary 

Combustion of Fuels:

Industrial Use

L     300 

Small Plant - 

Wacker

Petrol Fuel L        18 

Small Plant - Vibro Petrol Fuel L        26 

Truck - Mobilisation Diesel Heavy Goods Vehicle

7,500<10,000kg

km     160 

Transport - 

Aggregates

Diesel Heavy Goods Vehicle

7,500<10,000kg

km  1,760 

Transport - Pipes Diesel Heavy Goods Vehicle

7,500<10,000kg

km     160 

Truck - 

Demobilisation

Diesel Heavy Goods Vehicle

7,500<10,000kg

km     160 

Employee 

Commuting

Petrol Light Commercial 

Vehicles

2000<3000cc

km     960 

Unit Qty 

Pipe Material Pipe 

Diameter (ø)

150 m     100 

Aggregate Material tonnes (t) 95 t        95 

Excavator Fuel Diesel Stationary 

Combustion of Fuels:

Industrial Use

L     300 

Small Plant - 

Wacker

Petrol Fuel L        18 

Small Plant - Vibro Petrol Fuel L        26 

Truck - Mobilisation Diesel Heavy Goods Vehicle

7,500<10,000kg

km     160 

Transport - 

Aggregates

Diesel Heavy Goods Vehicle

7,500<10,000kg

km  1,760 

Transport - Pipes Diesel Heavy Goods Vehicle

7,500<10,000kg

km     160 

Truck - 

Demobilisation

Diesel Heavy Goods Vehicle

7,500<10,000kg

km     160 

Employee 

Commuting

Petrol Light Commercial 

Vehicles

2000<3000cc

km     960 



Find or Choose

Emission Factors!

Emission Factors

Select calculation 

approach

Collect data and 

choose emission 

factors

Calculate GHG 

Emissions

Roll Up data / 

Reporting



Emission Factors



Calculate GHG Emissions - Results

Select calculation 

approach

Collect data and 

choose emission 

factors

Calculate GHG 

Emissions

Roll Up data / 

Reporting

Unit Qty 
Emission Factors

(kg CO2e/unit)

Calculated Emissions

(kg CO2e)

Pipe Material Pipe 

Diameter (ø)

150 m     100                                      11.067                                         1,107 

Aggregate Material tonnes (t) 95 t        95                                         3.590                                            339 

Excavator Fuel Diesel Stationary 

Combustion of Fuels:

Industrial Use

L     300                                         2.690                                            807 

Small Plant - 

Wacker

Petrol Fuel L        18                                         2.690                                               49 

Small Plant - Vibro Petrol Fuel L        26                                         2.460                                               64 

Truck - Mobilisation Diesel Heavy Goods Vehicle

7,500<10,000kg

km     160                                         0.624                                            100 

Transport - 

Aggregates

Diesel Heavy Goods Vehicle

7,500<10,000kg

km  1,760                                         0.624                                         1,098 

Transport - Pipes Diesel Heavy Goods Vehicle

7,500<10,000kg

km     160                                         0.624                                            100 

Truck - 

Demobilisation

Diesel Heavy Goods Vehicle

7,500<10,000kg

km     160                                         0.624                                            100 

Employee 

Commuting

Petrol Light Commercial 

Vehicles

2000<3000cc

km     960                                         0.317                                            304 

Calcuated Emissions 4,068                                       

Emission per m 40.68                                       

`



GHG Protocol – Scope 3 
standard

Carbon Methodology

Scope 1 Direct GHG Emissions and Removals - Fuel

Scope 2
Indirect GHG emissions from imported 
energy

Scope 3

C1 Purchased Goods and Services

C2 Capital Goods

C3
Fuel and Energy Related Activities (Not 
included in Scope 1 or 2)

C4 Upstream Transportation and Distribution

C5 Waste Generated in Operations

C6 Business Travel

C7 Employee Communiting

C8 Upstream Leased Assets

C9
Downstream Transportation and 
Distribution

C10 Processing of Sold Products

C11 Use of Sold Products

C12 End-of-Life Treatment of Sold Products

C13 Downstream Leased Assets

C14 Franchises

C15 Investments

Scope 1 C1 Direct GHG Emissions and 
Removals - Fuel

Scope 2 C2 Indirect GHG emissions 
from imported energy

Scope 3

C3
Indirect GHG emissions 
from Transportation 
- Freight Transport
- Employee Commute

C4

Indirect GHG emissions 
from products an 
organisation uses
- Materials and waste

C5
Indirect GHG emissions
(use of products from the 
organisation)

C6 Indirect GHG emissions
(other sources)

ISO 14064

Scope 1
Direct GHG Emissions and 
Removals - Fuel

Scope 2
Indirect GHG emissions from 
imported energy

Scope 3
Indirect GHG emissions 
(Optional)

GHG Protocol



Calculate GHG Emissions - Results

Unit Qty 
Emission Factors

(kg CO2e/unit)

Calculated Emissions

(kg CO2e)

Pipe Material Pipe 

Diameter (ø)

150 m     100                                      11.067                                         1,107 

Aggregate Material tonnes (t) 95 t        95                                         3.590                                            339 

Excavator Fuel Diesel Stationary 

Combustion of Fuels:

Industrial Use

L     300                                         2.690                                            807 

Small Plant - 

Wacker

Petrol Fuel L        18                                         2.690                                               49 

Small Plant - Vibro Petrol Fuel L        26                                         2.460                                               64 

Truck - Mobilisation Diesel Heavy Goods Vehicle

7,500<10,000kg

km     160                                         0.624                                            100 

Transport - 

Aggregates

Diesel Heavy Goods Vehicle

7,500<10,000kg

km  1,760                                         0.624                                         1,098 

Transport - Pipes Diesel Heavy Goods Vehicle

7,500<10,000kg

km     160                                         0.624                                            100 

Truck - 

Demobilisation

Diesel Heavy Goods Vehicle

7,500<10,000kg

km     160                                         0.624                                            100 

Employee 

Commuting

Petrol Light Commercial 

Vehicles

2000<3000cc

km     960                                         0.317                                            304 

Calcuated Emissions 4,068                                       

Emission per m 40.68                                       
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Calculate GHG Emissions - Results



Calculate GHG Emissions - Results

Select calculation 

approach

Collect data and 

choose emission 

factors

Calculate GHG 

Emissions

Roll Up data / 

Reporting

GHG Protocol

Scope 1
Direct GHG Emissions and 
Removals - Fuel 915

Scope 2
Indirect GHG emissions from 
imported energy 0

Scope 3 Indirect GHG emissions (Optional) 3148

kg(CO2e) 4064

0

500

1000

1500

2000

2500

3000

3500

Scope 1 Scope 2 Scope 3

Em
is

si
o

n
s 

(k
gC

O
2

e)

GHG Protocol



Calculate GHG Emissions - Results

Select calculation 

approach

Collect data and 

choose emission 

factors

Calculate GHG 

Emissions

Roll Up data / 

Reporting

IS014064

Scope 1 C1 Direct GHG Emissions and Removals - Fuel 915

Scope 2 C2 Indirect GHG emissions from imported energy 0

Scope 3

C3

Indirect GHG emissions from Transportation 
- Freight Transport
- Employee Commute 1702

C4
Indirect GHG emissions from products an organisation uses
- Materials and waste 1446

C5
Indirect GHG emissions
(use of products from the organisation) 0

C6
Indirect GHG emissions
(other sources) 0
kg(CO2e) 4064
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Calculate GHG Emissions - Results

Select calculation 

approach

Collect data and 

choose emission 

factors

Calculate GHG 

Emissions

Roll Up data / 

Reporting

Scope 3 - GHG Protocol Scope 3 (Clients Perspective)

Scope 
3 

C1 Direct GHG Emissions and Removals - Fuel 1,446 

C3 Fuel and Energy Related Activities (kgCO2e) 915 

C4 Upstream Transportation and Distribution (kgCO2e) 1,398 

C7 Employee Commuting (kgCO2e) 304 

kg(CO2e) 4,064 
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(Clients Perspective)



Research Findings – 4 Key Themes

Complexity of Carbon Accounting 

1. Why measure Carbon Emissions? 

2. Carbon Framework

3. Construction/ Engineering Process

4. Carbon Accounting 



Implications of Carbon Accounting for Contractors

• The need for 2 inventories – 
    1 for the contractor and 1 for the client

• Stages of the life cycle assessment
• Basic life cycle assessment (embodied and operational carbon)
• Education on Carbon Standards (Scope 1, 2, and 3)
• ISO 14064 – Categories 1 to 6
• GHG Protocol Scope 3 
• Emission factors and EPDS

• Cost of upskilling and education to start measuring 
Carbon emissions.



• Pre-contract (Methodology)

• During Construction (Collect Data)

• Payment Claim/Reporting (Quantity)

Carbon Accounting in Construction – Implementation



Estimator
Quantity Surveyor
Project Engineer

Identify Sources

 -
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Greenhouse Gas Protocol - Scope 3 Categories

Stormwater - Open Cut - Scope 3 Emissions
(Clients Perspective)

Compile/Calculate and 
Report

Quantify Activities
Search & Apply Emission Factors

Site Engineer/Project Engineer Project Engineer
Quantity Surveyor

Mobilisation

Excavate Trench

Install Bedding 

(Underlay)

Install Pipe

Install Bedding 

(Overlay)

Install Backfill

Surface Finishing

Demobilisation

Transport  

Excavator

Truck 

Transport

Import - 

Aggregates

Truck 

Transport

Pipes, 

Manholes

Truck 

Transport

Minor Plant 

Vibro 

plate/Wacker

Truck 
Transport 
Export - 
Tipping

Truck 

Transport 

Export 

Excavator

Pipe 
Aggregates

Scope 1 Scope 3 Scope 3

Pre-contract During Construction Payment Claim/Reporting

Carbon Accounting in Construction – Implementation



The Role of Designers

Designers – Identify Emission sources

Mobilisation

Excavate Trench

Install Bedding (Underlay)

Install Pipe

Install Bedding (Overlay)

Install Backfill

Surface Finishing

Demobilisation

Transport  Excavator

Truck Transport

Import - Aggregates

Truck Transport

Pipes, Manholes

Truck Transport

Minor Plant 

Vibro plate/Wacker

Truck Transport 
Export - Tipping

Truck Transport 

Export Excavator

Pipe 
Aggregates

Scope 1 Scope 3 Scope 3



Complex Project = Complex Carbon Accounting

Clients interact with key players  

Award Contracts – Contractors drive emissions 

Flow down effect to supply chain

The Role of Clients



64% Self Employed 
or One Man Bands

25% 1-5 Employees

5% Employees

4% 10-19 Employees

2% 20-49 Employees 0.3% 50-99 
Employees

0.2% 100+ 
Employees

Construction Companies/ Enterprises and 
their Employee Count (%)

Self Employed /
One man bands
(49,338)

1–5 Employees 
(19,614) 

6–9 Employees
(3,846) 

10–19 Employees
(2,688) 

20–49 Employees
(1,275) 

The Role of Clients

TIER 1/2 CONTRACTOR – MAY EMPLOY OTHERS (99.5%)

99.5%

TIER 1 - Contractor 

TIER 2



YOUR SMALL CHANGES CAN MAKE BIG 
CHANGES HAPPEN!

How can WE make small changes in our industry 
to meet net zero by 2050?

Closing Remarks

Let’s start with the design - Designers 

Reduce fuel (petrol/diesel) burn – Contractors

Material sources - buy local! – Contractors

Select willing partners - Clients



Thank you!

Questions? Patai?
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