
EMBODIED ENERGY 

IN BUILDING MATERIALS AND TECHNOLOGIES 

FOR GREEN RESIDENTIAL BUILDINGS 



ENVIRONMENTAL IMPACT OF THE BUILDING INDUSTRY 

 Buildings account for 30 to 40% of total 

global energy usage 

(United Nations Environmental Programme) 

 The construction sector is responsible for : 

 40% of the consumed resources 

 40% of CO
2
 emissions 

 40% of waste (construction and demolition) 

(UNCHS/ Habitat) 

 

 Cities take about 2 % of the land surface but consume 75 % of the world’s natural resources. 
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 Cement production accounts for 5% of global CO
2
 emissions. (IPCC) 

Photo: Marta Wisniewska 

 1 ton Portland Cement = ~ 0.95 ton CO
2 

emissions  (ICE) 

ENVIRONMENTAL IMPACT OF THE CONCRETE INDUSTRY 

(Though it is argued by many experts that the Concrete industry is closer to 7 – 9% of global CO
2 

emissions.) 

 1 ton Concrete = ~ 0.107 ton CO
2 

emissions  (ICE)  
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 CHANGING PARADIGMS 
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ARE “GREEN MATERIALS” REALLY “GREEN”? 

Google: “Green concrete” 
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HOW DO WE KNOW THAT “GREEN BUILDINGS” ARE REALLY “GREEN”? 

 Can “Green buildings” reduce consumed energy with these materials? 

 The  initial  embodied  energy  in these materials is very high, with high-tech building systems. 

 Designing  sustainable buildings requires first an appropriate choice of the building materials. 

??? 
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EMBODIED ENERGY – TERMS & DEFINITIONS 

Initial Embodied Energy in Buildings  

 The non-renewable energy consumed in the acquisition of raw materials, their processing, 

manufacturing, transportation to site, and construction. 

 As a rule of thumb, embodied energy is a reasonable indicator of the overall environmental impact 

of building materials, assemblies or systems. 

 

Recurring Embodied Energy in Buildings  

 The non-renewable energy consumed to maintain, repair, restore, refurbish or replace materials, 

components or systems during the lifetime of the building. 

 

Operating Energy 

 The recurring energy consumed in buildings for heating, cooling, ventilation, lighting, equipment 

and appliances. 

 Passive energy systems rely on the building envelope to take advantage of natural energy sources 

such as sunlight, wind, water, and the surrounding soil. 

 Active energy systems represent mechanical, electrical and/or chemical processes. 

 

Energy Pay Back Time (EPBT) 

 The time required for any energy producing system or device to produce as much energy as was 

required in its manufacture. 
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UNITS OF MEASUREMENT 

 1 Joule = 1 Newton Metre = 1 Watt sec. 

 1 Joule = 2.7778 ×10
−4

 Watt Hour 

 1 Joule = 2.7778 ×10
−7

 KWh 

 1 Joule = 9.4782 ×10
−4

 BTU 

 1 Joule = 6.2415 ×10
18

 eV (electronvolts) 

 1 Joule = 0.239 Calories 

 1 Calorie = 4.184 Joules 

 1 Kilowatt Hour (KWh) = 3.6 MJ 

 MJ = Mega Joule 

 GJ = Giga Joule 

 Mega=1 million = 10
6
 

 Giga= thousand million= 10
9
 

 Standard Unit for Carbon emissions:  Kg CO
2
/ kg material 

 Standard Unit for Embodied Energy:   MJ/ kg material 

Kg CO
2
/ m

3
 material 

Functional units: 

MJ/ m
3
 material 

REPLACE FOR STANDARD PRESENTATION: 

 Joule (J) – SI unit of energy measuring heat, electricity and mechanical work. 

 

 Kilowatt hour (KWh) – Unit of energy. Energy delivered by electric utilities is usually 

expressed and charged for in KWh. Note that the KWh is the product of power in 

kilowatts multiplied by time in hours. It is not kW/h. 

 

 The British thermal unit (BTU) – Unit of energy used in the industries of power 

production, steam generation, and heating and air conditioning. 
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BOUNDARY CONDITIONS 

EMBODIED ENERGY (CARBON): 

“The embodied energy (carbon) of a building material can be taken as the total primary energy 

consumed (carbon released) over its life cycle. This would normally include (at least) extraction, 

manufacturing and transportation. Ideally the boundaries would be set from the extraction of raw 

materials (inc fuels) until the end of the products lifetime (including energy from manufacturing, 

transport, energy to manufacture capital equipment, heating & lighting of factory, maintenance, 

disposal… etc.), known as ‘Cradle-to-Grave’. It has become common practice to specify the embodied 

energy as ‘Cradle-to-Gate’, which includes all energy (in primary form) until the product leaves the 

factory gate. The final boundary condition is ‘Cradle-to-Site’, which includes all the energy consumed 

until the product has reached the point of use (i.e. building site).” 

– ICE, University of Bath, 2008 

 ‘Cradle-to-Gate’   :  From Material extraction to Manufacturing gate. 

 ‘Cradle-to-Site’    :  From Material extraction to Building site. 

 ‘Cradle-to-Grave’ :  From Material extraction to End-of-life. 

ICE takes as boundary condition only ‘Cradle to Gate for general data (not regionally specific). 

 We prefer to take ‘Cradle-to-Site’ as it includes the transportation energy to the site. 
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EMISSION VARIATION ACCORDING TO FUEL SOURCE 

FUEL COMBUSTION 

Items Details Country KgCO
2 

and Energy Quantity / Unit 

Petrol  Inferior combustion power France 2.898 KgCO
2
/ litre 32.20 MJ/litre 

Diesel Inferior combustion power France 3.222 KgCO
2
/ litre 35.80 MJ/litre 

LPG (Propane or Butane) Inferior combustion power France 2.277 KgCO
2
/ litre 25.30 MJ/litre 

Wood combustion Casuarinas wood at 15 % mh 
India 1.584 KgCO

2
/ Kg 15.00 MJ/Kg 

Human energy India 0.904 KgCO
2
/day 10.04 MJ/day 

Note for human energy: It is normally not counted as it generates livelihood. 

                                      But if it has to be taken, it would be food value: ~300 Kcal/h 
CO

2 
 Emissions produced as an average 0.098 Kg of CO

2
 per MJ of embodied energy 

CO
2 
 Emissions produced by burning coal 0.090 Kg of CO

2
 per MJ of embodied energy 

CO
2 
 Emissions produced by burning petroleum products 0.074 Kg of CO

2
 per MJ of embodied energy 

CO
2 
 Emissions produced by thermal electricity 0.316 Kg of CO

2
 per MJ of embodied energy 

CO
2 
 Emissions produced by burning wood 0.105 Kg of CO

2
 per MJ of embodied energy 

Carbon (C) = 12 Gr/molecule Oxygen (O)= 16 gr/molecule CO
2
 = 12 + (16 x 2) = 44 Gr/molecule 

Conversion Carbon / CO
2
  C = 0.27273 CO

2
 

CORRECT THIS PAGE: 

ORDER DATA AS MOST 

APPROPRIATE FOR YOUR 

ARGUMENT 

10 



2 

RESOURCE PLANNING: SCARCITY & OVER-QUARRYING 

 Unplanned quarrying 

 Leads to environmental stress/ material shortage/ scarcity 

 Which leads to rapid inflation of material costs 

 And even more unsustainable quarrying patterns 

 Which impacts livelihoods, affordability and accessibility 

 Demand 

 For efficient and economical use of local available resources to meet housing demand 

 Strengthening local supply chains from quarry to factory to house 
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 SUSTAINABLE MANAGEMENT OF RESOURCES & LIVELIHOODS 

No resource management or rehabilitation plan before extraction (Pondicherry) 

Unplanned quarrying contributes to land erosion, loss of soil fertility, garbage dumps, etc. 
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PRESENT: 50 TONS OF WOOD BURNT 

TO PRODUCE 100,000 FIRED BRICKS 

Country Fired Brick industry in Pondicherry, Tamil Nadu 

No management of material and fuel resources (Data: AVEI from Puducherry area)
 

CSEB LIMITS DE-FORESTATION: 

DOES NOT REQUIRE FIRING 

PAST:  100 TONS OF WOOD BURNT  

TO PRODUCE 100,000 FIRED BRICKS 



TRANSPORTATION OF MATERIALS 

Photo: Benjamin Staehli 

FUEL COMBUSTION 

Items Details Country KgCO
2 

and Energy Quantity / Unit 

Human energy India 0.904 KgCO
2
/day 10.04 MJ/day 

Note for human energy: It is normally not counted as it generates livelihood. 

                                      But if it has to be taken, it would be food value: ~300 Kcal/h 
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TRANSPORTATION OF MATERIALS 

Items Details Country KgCO
2
 Energy Quantity / Unit 

Diesel consumption for truck on site  

(8 m
3 

/ 12Tons) 

For moving materials on site  

~500 m = 15 litres / day 8h 
India 4.967 KgCO

2
/hour 67.13 MJ/h 

Diesel consumption for truck on road 

(8 m
3 

/ 12Tons) 

For road driving with 12 Tons 

= 3 Km / litre 
India 0.883 KgCO

2
/Km 11.93 MJ/Km 

Diesel consumption for excavator 
JCB excavator  

= 6 Litres / hour 
India 15.895 KgCO

2
/hour 214.80 MJ/h 
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LOCAL/ ON-SITE EXTRACTION & USE: 

 Reduces carbon footprint 

 Reduces transport costs 

 Increases accessibility for low income tenants 

 Invests in local economies and value chains
 

 Produces employment & livelihoods 

ENERGY EFFICIENCY OF CSEB 
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ENERGY EFFICIENCY OF CSEB 
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   Embodied energy per m
3
 material 

 CSEB                         = 572 MJ per m
3 

 Wire cut bricks           = 2,247 MJ per m
3
 

 CFB                            = 6,122 MJ per m
3 

    Carbon emission per m
3
 of material 

 CSEB                         = 51.5 Kg CO
2
 /m

3 

 Wire cut bricks           = 202 Kg CO
2 

 
/m

3 

 CFB                            = 643 Kg CO
2

  
/m

3 

ENERGY EFFICIENCY OF CSEB vs COUNTRY FIRED BRICK 

Wood combustion:   

 Burning 1 kg of wood emits 1.6 kg of CO
2 

 Burning 50 Tons of wood emits 79.2 tons of CO
2
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DATA SOURCES: Inventory of Carbon & Energy (ICE) 

Units are KgCO
2
/Kg and MJ/Kg 
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DATA SOURCES: Inventory of Carbon & Energy (ICE) 
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DATA SOURCES: Embodied Energy Compilation (AVEI) 

Functional units: KgCO
2
/m

3
, MJ/m

3
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DATA SOURCES: Embodied Energy Calculation (AVEI) 

FIRED BRICKS 
  

EMBODIED ENERGY IN COUNTRY FIRED BRICKS - LOCAL CLAMP (PUDUCHERRY) 

DATA COUNTRY FIRED BRICK = CFB   

Brick size (L, W,  H)           (in cm)   23.0 10.0 7.0             

Brick weight (average dry)   3.00 Kg = 1,863 Kg/ m3           

Item Energy Detail MJ/unit     

  MJ/unit                     

Soil dug by  machine (m3) 28.95 0.0021 m3      0.061            

Casurina burnt /CFB (Kg)  15.00 0.5 Kg / Brick    9.178            

Transport (MJ/Km) 11.93 50.0 Km      0.149        

SUB TOTAL          9.39            

Miscellaneous 5.0%      0.47            

TOTAL ENERGY MJ/piece          9.86            

TOTAL EMISSIONS KgCO2/m
3          642.87            

TOTAL ENERGY MJ/M3      6,122.5      

Notes: - 25 Tons of wood to burnt 50,000 country fired bricks   0.5 Kg of wood per country fired brick    

             - 1 Truck transports 4,000 bricks     

EMISSIONS OF COUNTRY FIRED BRICKS AND KILN FIRED BRICKS  - (NATIONAL AVERAGES)10 
   SPECIFIC ENERGY 

CONSUMPTION  

PRODUCTION CAPACITIES NUMBER OF 

PLANTS  

NUMBER OF 

BRICKS 

% 

PRODUCED 

  MJ/Kg-Brick Lakh Kg-bricks/year   No.  Crore        

Bricks / year 
Anuual 

   Range   Average  Range   Average   Production 

BTK-fixed chimney    1.0 – 1.5    1.25    83 -275    179    25000   16,155 83.82 

High draft/ zig zag    0.8 – 1.0   0.9  83 -138    110    200   79 0.41 

Clamps    2.0 – 3.0   2.5  1.4 – 27.5    14    60,000   3,032 15.73 

Vertical Shaft Brick Kiln    0.8 – 1.0   0.9  14 -110    62    30   7 0.03 

Notes 

Average weight of a brick: size 22 x 10 x 7 cm (L x W x  H) = 2.770 Kg/Brick   

Average energy consumption for kiln fired brick (BTK, High draft/ zig zag, Vertical Shaft) = 3.457 MJ/Brick   

Average emissions for kiln fired brick (BTK, High draft/ zig zag, Vertical Shaft) = 0.339 KgCO2/ Brick   

Average energy consumption for country fired brick (Clamp kiln) = 6.925 MJ/Brick   

Average emissions for country fired brick (Clamp kiln) = 0.679 KgCO2/ Brick   

17 



DATA SOURCES: Embodied Energy Compilation (AVEI) 

1 -    Embodied energy of common and alternative building materials and technologies – BV Venkatarama Reddy, KS Jagadish 

        Department of Civil Engineering, Indian Institute of Science, Bangalore, India, 2001. 

2 -   Comparative analysis of embodied energy rates for walling elements in India – PS Chani, Najamuddin, SK Kaushik, 2003. 

3 -   50 years Energy in Building Materials – Building Materials in India. 

4 -   Inventory of Carbon & Energy (ICE) – Prof. Geoff Hammond, Craig Jones – Bath University, 2006. 

5 -   Embodied energy of various materials and technologies, Calculations – Satprem Maïni, Varun Thautam, Auroville Earth  

        Institute, 2009/2013. 

6 -   The Energy embodied in Building Materials – Updated New Zealand coefficients and their significance 

       Georges Baird, Andrew Alcorn Phil Haslami – 1997. 

7 -   Recurring Embodied Energy: http://www.canadianarchitect.com/asf/perspectives_sustainibility/measures_of_sustainablity/ 

       measures_of_sustainablity_embodied.htm 

8 -   Emissions produced as an average: http://www.cmit.csiro.au/brochures/tech/embodied/ 

9 -   Energy in Building Materials: Final Report – Development Alternatives & BMTPC, New Delhi – 1995. 

10 - IPCC Certified Methodology – VSBK Brick Plants India, the PDD. 

11 - India’s Cement Industry: Productivity, Energy Efficiency and Carbon Emissions - Katja Schumacher and Jayant Sathaye. 

12 - Climate change & steel sector: IPCCC WG III's Dissemination workshop on Fourth Assesment Report -Shashi Bhushan Prasad. 

13 - Density of materials: http://www.simetric.co.uk/si_materials.htm 

AVEI – Density of materials measured by the Auroville Earth Institute 
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17 apartments built in 3 building blocks 

- Wind energy 

- Wastewater biological system 

- Rainwater harvesting 

- Earth tunnel for natural air conditioning
 

- CSEB and stabilised earth 

  from foundations to roof 

EXAMPLE OF EMBODIED ENERGY CALCULATION 

REALIZATION APARTMENTS BUILT BY THE AUROVILLE EARTH INSTITUTE 

 Initial embodied energy for Realization is 

~4 times less than a conventional building 

(RCC frame, RCC slab, infill with fired bricks) 

 

 Low emission for construction and use
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COMPARISON OF MATERIALS AND TECHNIQUES 

CSEB MASONRY WALLS 
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COMPARISON OF MATERIALS AND TECHNIQUES 

CONVENTIONAL COUNTRY FIRED BRICK WALLS 
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COMPARISON OF MATERIALS AND TECHNIQUES 

CONVENTIONAL REINFORCED CONCRETE WALLS 
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COMPARISON OF MATERIALS AND TECHNIQUES 

CSEB VAULTING 
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COMPARISON OF MATERIALS AND TECHNIQUES 

FERROCEMENT CHANNELS 
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COMPARISON OF MATERIALS AND TECHNIQUES 

CONVENTIONAL RCC SLAB 
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