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Energy and Low Income Tropical Housing

Thursday 15th: Embodied Energy 2.
Calculations:
¢ Embodied energy in Various building materials
e Embodied energy in different wall constructions

® Variations




2 Primary Energy

@ Energy found in nature in raw fuels

@ It has not been subjected to any conversion or
transformation process.

@ It can be non-renewable (fossil fuels) or renewable







(“Embodied Energy

Everything we use has embodied energy
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(UEmbodied Energy

@ Is sum of all the energy required to produce any
goods or services

@ It is treated as if that energy was incorporated or
‘embodied' in the product.

@ Allows comparison between products independent of
the source of the energy ....which may be renewable
(clean) or non-renewable (fossil fuel)

@ It is measured in MegaJoules

IT DOES NOT INCLUDE HUMAN ENERGY!




Embodied Energy in buildings

Occurs throughout the building life

BEYOND BUILDING
LIFE CYCLE
stages

BUILDING LIFE CYCLE
stages
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Operational energy use

Operational water use




Embodied Energy in buildings

» Itincludes the energy taken to get raw goods such as plants,
stone, sand or aggregate
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(“Embodied Energy in buildings

» and it includes the energy taken to move these raw goods to

a factory
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(“Embodied Energy in buildings

» and it includes the energy taken to manufacture or transform
these into a product




(“Embodied Energy in buildings

» and it includes the energy taken to move these products to
where they are needed




(“Embodied Energy in buildings

» and it includes the energy taken to operate the building
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(U Embodied Energy in buildings

» and it includes the energy taken to maintain or repair them -
for example paints, mortars, polish




(“Embodied Energy in buildings

» and it includes the energy taken to demolish and dispose of
them




The embodied energy can be identified and quantified at
each stage

and can then be used to plan an effective reduction strategy.




But... it’'s about more than energy




Because different
forms of energy have
different embodied

pollution
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Consequences

@ Using energy creates pollution
@ But some energy creates more pollution:-
0:0 non-renewable (fossil fuel) energy releases carbon
dioxide when burned
0:0 renewable (clean) energy does not
@ Carbon dioxide contributes to climate change

@ We call this pollution embOdied CaI‘bOn




Embodied Carbon (kgCO/kg)

@ The energy used by buildings creates carbon emissions
throughout a building life cycle

Design Manufacture Distribution Construction Operation F[l)eefurtzi.sh
0.5% 15% 1% 1% 83% 0.4%

due to energy consumption and chemical processes
during extraction, manufacture, transportation,
assembly, replacement and deconstruction of
construction materials or products.

@ Embodied carbon is usually expressed in kg of CO; per
kg of product or material.




Climate Change




?Global Warming Potential - GWP (kgCO2e)

A measure of the relative impact of a gas on global warming.

Table 1 Global warming potentials (GWP) of greenhouse gases

Greenhouse gas ‘ GWP over 100 years ‘Typical sources

Carbon dioxide (CO,) 1 | Energy combustion, biochemical reactions
Methane (CH,) 25 |Decomposition

Nitrous oxide (N,O) 298 |Fertilizers, car emissions, manufacturing
Sulfur hexafluoride (SF ) 22,800 |Switch gears, substations
Perfluorocarbon (PFC) 7,390-12,200 |Aluminium smelting

Hydrofluorocarbon (HFC) 124-14,800 |Refrigerants, industrial gases

Based on Climate Change 2007: The Physical Science Basis. Working Group | Contribution to the
Fourth Assessment Report of the Intergovernmental Panel on Climate Change, Table 2.14. Cambridge
University Press.

E.g., Methane has a global warming potential of 25
® 1 kg of Methane has the same impact on climate change as 25 kg of CO;
® 1 kg of Methane counts as 25 kg of CO; equivalent emissions or CO
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Resources

RICS QS & Construction Standards

RICS Professional Information, UK

Methodology to calculate
embodied carbon of materials

1st edition, information paper

rics.org/standards
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Handout

eGeneric data base
eproduced by University of Bath

oeSupplied by manufacture
e Average values for materials
Inventory of Carbpn & Energy (ICE)
oGlobal sources
‘ Ral1g e of stud ies Prof. Geoff Hammond & Craig Jones
Sustainable Energy ResearcPE'E%aier ee(zﬁﬁgn
.Cradle to gate * University of Bath, UK

This project was joint funded under the Carbon Vision Buildings program by:

o ffo
‘ N o n S peCIfl C www_bath.ac.uk/mech-enag/sert/embodied
|

© University of Bath 2011 @ BATH




PRODUCT
t =
S0 Materials or product manufacture cradle-to-

gate emissions are those associated with the
production of construction products/
materials.

*The emissions arise from the energy
used in

4extracting materials,

4refining them (i.e. primary manufacture),
4transporting &

4 processing them to produce a finished
product (i.e. secondary manufacture).
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Manufacture

15%

UK Context

Distribution Construction
1% 1%

Operation
83%

Refurbis

Demolish
0.4%




Tanzania Context

Manufacture Distribution Construction Operation Fll)efurbli.s h
15% 1% 1% 83% 0.4%
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WORKSHOP

Calculations




Compare Embodied Energy of
MBEKI Concrete Block
&
NHBRA Interlocking Brick

% difference










Embodied energy case study

EMBODIED TOTAL
ENERGY EMBODIED TOTAL EMBODIED
Item MATERIAL TYPE VOLUME DENSITY WEIGHT INTENSITY ENERGY (MJ) | EMBODIED CARBON CARBON
m3 Kg/m3 KG (MJ/KG) M) (kgC0O2/Kg) (KGCO2)
from data
from manufacturer |from manufacturer calculate sheet WEIGHT X EE from data sheet WEIGHT x EC




Compare Embodied Energy of
MBEKI Concrete Tile
&
NHBRA Tile

% difference










Embodied energy case study

EMBODIED TOTAL
ENERGY EMBODIED TOTAL EMBODIED
Item MATERIAL TYPE VOLUME DENSITY WEIGHT INTENSITY ENERGY (MJ) | EMBODIED CARBON CARBON
m3 Kg/m3 KG (MJ/KG) M) (kgC0O2/Kg) (KGCO2)
from data
from manufacturer |from manufacturer calculate sheet WEIGHT X EE from data sheet WEIGHT x EC




Compare Embodied Energy of
MBEKI Concrete Tile Roof/m?
&

NHBRA Tile Roof/m?




Embodied energy case study

EMBODIED TOTAL
ENERGY EMBODIED TOTAL EMBODIED
Item MATERIAL TYPE VOLUME DENSITY WEIGHT INTENSITY ENERGY (MJ) | EMBODIED CARBON CARBON
m3 Kg/m3 KG (MJ/KG) M) (kgC0O2/Kg) (KGCO2)
from data
from manufacturer |from manufacturer calculate sheet WEIGHT X EE from data sheet WEIGHT x EC




Compare Embodied Energy of
MBEKI Concrete Block House Wall
&

NHBRA Brick House Wall

> inclusive of internal and external finishes










Consider a cavity Wall




Quantity of concrete Embod.led i Embodied carbon of
conversion factor of
'/ blocks . concrete blocks \

/ Embodied carbon
// Quantity of bricks o BN E SR TR Embodied carbon of bricks
4 y‘ /// v’
- v /// kit Embodied carbon of
= , Quantity of mortar x conversion factor of =
ke V mortar L

Embodied
carbon of

cavity wall

"'//;’// ~

Break into component parts

Establish quantities and types of materials source
Establish embodied carbon for each part (kgCO./kg)
Multiply

Summate




Embodied energy case study

EMBODIED TOTAL
ENERGY EMBODIED TOTAL EMBODIED
Item MATERIAL TYPE VOLUME DENSITY WEIGHT INTENSITY ENERGY (MJ) | EMBODIED CARBON CARBON
m3 Kg/m3 KG (MJ/KG) M) (kgC0O2/Kg) (KGCO2)
from data
from manufacturer |from manufacturer calculate sheet WEIGHT X EE from data sheet WEIGHT x EC




Next
2 Add a timber frame opening of 1m?

2 Add Glass
2 Add Burglar bars

2 Change frame to aluminium




Key Issues

Understand the local context

What do we need to know to help us make good decisions?

How much is manufacture/operational/transport/construction/disposal?

Which areas need most attention!?

|dentify the highest impacts (carbon hotspots) or low hanging fruit.

Calculating absolutes may not be necessary!

Is it heavy or dense or highly processed ----steel, concrete, aluminium?
*ee/ec may be high

Is it local sourced!..

*then travel component may be low




Design interventions

s it possible to use less material?

Is it possible to change material to a low carbon alternative!?
DO NOT FORGET WASTAGE!

DO NOT FORGET TOXICITY!

s it possible to design for recycling?

s it possible to design for re-use!?

Is it possible to use products with high recycled content, e.g. cement

replacement materials such as GGBS (ground granulated blast furnace slag)
or PFA (pulverised fuel ash)?

Is it possible to use low carbon design details, e.g. exposed concrete
ceilings; aerated block work!?

s it possible to design to the site?! i.e reduce amount of soil movement?




ECCM Calculator

® useful to get some quick comparison

® not to be relied upon

Introduction | Foundations | Roof | Frame | Walls | Flooring Insulation Finishes Summary

iisgsii eCCm

Welcome to the Building Materials Carbon Indicator: BMCI.

This easy-to-use calculator enables you to estimate the climate change impacts of the materials used in construction projects

How do I use the BMCI?
Before you have opened the tool:
1. Go to Tools/macros/security and set security to medium.

When you have opened the tool:

2. Simply click on each building element you are interested in and fill in the quantities of each material to be used in the construction in
the yellow boxes.

3. When you have entered all the main materials to be used in the construction click on 'Summary'

4. A summary will be produced, providing the greenhouse gas emissions associated with each building component, and the total tor the
whole

5. Inthe summary, click on the 'view calculations' tab to see the full set of calculations and references

6. You can print and/ or save this report

Disclaimer: The information contained in this tool does not constitute legal or financial advice.

Free Software: This software is provided free of charge. You should not be charged for using this tool.

Copyright: wood. for good and The Swedish Forest Industries Federation © 2007, All Rights Reserved.
Versi 4.2




ECCM Calculator

TOTAL
Building Finishes

Insulation

Flooring




ECCM Calculator

Building Finishes
TOTAL

Contribution to Overall GHG Emissions

1.3%

BWalls
OFkcaring
Binsulation

BBuikiing Finishes

View Calculations




RICS 05 & Consiuction Stanaurss 1 3272012

RICS Professional Information, UK

|
Inventory of Carbon & Energy (ICE) &

Methodology to calculate
embodied carbon of materials

Version 2.0

|
‘Design and, Detailing for Toxic Chemical Redq

Prof. Geoff Hammond & Craig Jones

Sustainable Energy Research Team (SERT)
Department of Mechanical Engineering
University of Bath, UK

This project was joint funded under the Carbon Vision Buildings program by:

www.bath.ac.uk/mech-eng/sert/embodied
yyyyy e Q/ Howard Liddell
John Gilbert
Sandy Halliday
(‘\Q RICS | o rics.org/standards © University of Bath 2011 gxr':‘['v'ﬁ
(e = !

Get ideas and information from here

Circular Economy

Download ICE data base from here

ICE Database
Download ECCM's building materials carbon indicator - updates

ECCM calculator
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