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ABBREVIATIONS 



Term Definition 

Cradle Where building materials start their life 

Cradle to Gate This boundary includes only the production stage of the building. Processes taken into 
account are: the extraction of raw materials, transport and manufacturing. 

Cradle to Site Cradle to gate boundary plus delivery to the site of use. 

Cradle to Handover Cradle to site boundary plus the processes of construction and assembly on site. 

Cradle to End of Use Cradle to handover boundary plus the processes of maintenance, repair, replacement and 
refurbishment, which constitute the recurrent energy. This boundary marks the end of 
first use of the building. 

Cradle to Grave Cradle to handover plus the use stage, which includes the processes of maintenance, 
repair, replacements and refurbishments (production and installation of replacement 
products, disposal of replaced products) and the end of life stage, which includes the 
processes of demolition, transport, waste processing and disposal. 

CO2eq. CO2 equivalent - a unit of measurement that is based on the relative impact of a given 
gas on global warming (the so called global warming potential). [kg-CO2eq] 

Embodied Energy Embodied energy is the total amount of non-renewable primary energy required for all 
direct and indirect processes related to the creation of the building, its maintenance and 
end-of-life. In this sense, the forms of embodied energy consumption include the energy 
consumption for the initial stages, the recurrent processes and the end of life processes of 
the building. [MJ/reference unit/year of the RSP] 

Embodied GHG 
emissions 

Embodied GHG emissions is the cumulative quantity of greenhouse gases (CO2, 
methane, nitric oxide, and other global warming gases), which are produced during the 
direct and indirect processes related to the creation of the building, its maintenance and 
end-of-life. This is expressed as CO2 equivalent that has the same greenhouse effect as 
the sum of GHG emissions. [kg-CO2eq /reference unit/year of the RSP] 

Greenhouse gases They are identified in different IPCC reports 

Global Warming 
Potential 

A relative measure of how much a given mass of greenhouse gas is estimated to 
contribute to global warming. It is measured against CO2eq which has a GWP of 1. The 
time scale should be 100-year. 

GFA Gross Floor Area [m2].  Total floor area inside the building external wall. GFA includes 
external wall, but excludes roof. GFA is measured from the exterior surfaces of the 
outside walls.  

Input and Output Tables The Input-Output Tables are systematically present and clarify all the economic activities 
being performed in a single country, showing how goods and services produced by a 
certain industry in a given year are distributed among the industry itself, other industries, 
households, etc., and presenting the results in a matrix format.  

Input and Output 
analysis 

The use of national economic and energy and CO2 data in a model to derive national 
average embodied energy /CO2 data in a comprehensive framework. 

Energy Intensity The total energy embodied, per unit of a product or per consumer price of a product. 
[MJ/unit of product or price] 

CO2 Intensity The total CO2 emission embodied, per unit of a product or per consumer price of a 
product. [kg-CO2eq /unit of product or price] 

Fluorocarbon It is mainly used as the refrigerant of an air-conditioner and chiller, and a foaming agent 
of thermal insulation. CFC is abolished in the Montreal Protocol and HCFC will also be 
abolished in 2020. Fluorocarbon is shifting to HFC now. However, as for HFC, since 
GWP is large, reduction is called for.  

PEnr Primary Energy non-renewable. Nuclear Energy is included. 

PEt Primary Energy total. Renewable + Non-renewable Primary Energy. Nuclear Energy 
includes in the Primary Energy total. 

RSP Reference Study Period. Period over which the time-dependent characteristics of the 
object of assessment are analyzed(EN15978 2011) 





 







 



  



 

 





 

 

Title Standard 

EN 15643-2:2011 Sustainability of construction works - Assessment of buildings  

– Part 2: Framework for the assessment of environmental performance 

EN 15978:2011 Sustainability of construction works - Assessment of environmental performance of 

buildings - Calculation method 

CEN/TR 15941:2010 Sustainability of construction works - Environmental product declarations - 

Methodology for selection and use of generic data 

EN 15942:2011 Sustainability of construction works - Environmental product declarations – 

Communication format business-to-business 

EN 15804:2012 Sustainability of construction works - Environmental product declarations - Core rules 

for the product category of construction products 

 



 

Title Standard 

ISO 21931-1:2010 Framework for methods of assessment of the environmental  

performance of construction works - Part 1: Buildings 

ISO 21929 -1:2011 – Building Construction Sustainability in Building Construction  

- Sustainability Indicators. Part 1 - Framework for the development of indicators for 

buildings and core indicators 

ISO 21930:2007 – Sustainability in building construction - Environmental declaration of building 

products 

ISO 14025:2006 Environmental labels and declarations - Type III environmental  

declarations - Principles and procedures 

 

 

Title Standard 

ISO/TS 14067:2013 Carbon Footprint of Products - Requirements and guidelines for quantification 

and communication 

Greenhouse Gas Protocol Product life cycle accounting and reporting standard 

 

EU Product Environmental  

Footprint Guide 

EU Product Environmental Footprint Guide (pilot phase) 

 



 

Title Country Standard Topic 

VDI 4600 DE Cumulative energy demand (KEA):Terms, definitions, 

methods of calculation (2012) 

 

General, products 

SIA 2032 CH Grey Energy of Buildings (2010)  

 

buildings 

SIA 2040 CH SIA Energy Efficiency Path buildings 

PAS 2050:2011  

PAS 2060:2010 

UK Specification for the assessment of life cycle greenhouse 

gas emissions of goods and services 

Specification for the demonstration of carbon neutrality 

general, products 

 

  





 

 

 





Half of the cases set up cradle-to-gate life cycles, and most assessments proceeded from the production 

stage to the building operation stage. The reference flow was measured in m2 or m3. The results of embodied 

energy were expressed in MJ or kWh units, while that of embodied CO2 was commonly measured in GWP 
 

No. Author (year) Objectives Building type Methodology 
Period 
(year) 

Environmental factor1 unit 

EE OE EC OC EE EC 

1 Thormark (2002) 
Analysis 

recycling potential 
Residential Process based LCA 50 √ √   MJ, kwh  

2 Mithraratne (2004) Comparison light, RC, 
super-insulated houses 

Residential I-O LCA 100 √    MJ  

3 Karlsson (2007) 
Comparison 

conventional vs. low tech Residential Process based LCA 50 √ √   kwh  

4 Hacker (2008) Analysis Residential Process based LCA 100   √ √  GWP 

5 Shukla (2009) Analysis Residential Process based LCA annual √ √   MJ  

6 Mahdavi (2010) 
Comparison 

Passive vs. Low energy Residential Process based LCA 0.5 √ √ √ √ kwh GWP 

7 Monahan (2010) Comparison 
Active tech. 

Residential Process based LCA 20 √ √ √ √ kwh GWP 

8 Rossello –Batle (2010) Analysis Hotel Process based LCA annual √    MJ GWP 

9 Verbeeck (2010) Creating building LCI 
massive vs. light envelope 

Residential Process based LCA 
I-O LCA 

30, 60, 90 √  √  MJ GWP 

10 Verbeeck (2010) Comparison Residential 
Process based LCA 

I-O LCA 
30, 60, 90 √  √  MJ GWP 

11 Rai (2011) Analysis Office 
Process based LCA 

I-O LCA 25   √ √  GWP 

12 Dodoo (2011) Analysis Residential Process based LCA 
I-O LCA 

50 √ √   kWh  

13 Ramesh (2012) Comparison Residential 
Process based LCA 

I-O LCA 
75 √    kWh  

14 Rossi (2012) 
Comparison 

steel frame and masonry 
Residential Process based LCA annual   √ √  GWP 

15 Rossi (2012) 
Comparison 

steel frame and masonry Residential Process based LCA annual   √ √  GWP 

16 Ooteghem (2012) 
Comparison 

steel and timber 
Residential Process based LCA 50 √ √ √ √ MJ GWP 

 
 
 
 
 
 
 
 
 
 
 



 

No. Author (year) 
System boundary1 

Reference flow LCI DB 
Tools 
S/W 

Data collection sources 

P T C O EOL field survey monitoring Energy simulation 

1 Thormark (2002) √ √  √  m2 Literature  √  
DEROB- 
LTH 

2 Mithraratne (2004) √  √ √  - Literature 
invented 
model 

√   

3 Karlsson (2007) √   √  m2 Literature   √  

4 Hacker (2008) √   √  building Literature  √ √ ENERGY 2 

5 Shukla (2009) √ √ √ √  m2 Calculated  √   

6 Mahdavi (2010) √   √ √ m2 Literature  √ √  

7 Monahan (2010) √ √ √ √  m2 
National LCI DB, DECC, 
Beggs 

SimaPRO √ √ UK SAP methodology 

8 
Rossello –Batle 
(2010) 

√ √ √ √ √ m2 
BEDEC PR/PCT 
Literature 

TCQ2000    

9 Verbeeck (2010) √ √  √  m3 Ecoinvent  √  TRNSYS 

10 Verbeeck (2010) √ √  √  m3 Ecoinvent  √  TRNSYS 

11 Rai (2011) √   √  - 
National LCI DB, Bath 
ICE 

SimaPRO   Ecotect 

12 Dodoo (2011) √ √ √ √ √ m2 Calculated  √  ENORM ENSYST 

13 Ramesh (2012) √   √  m2 Literature  √  Design builder 

14 Rossi (2012) √   √  - BEEs, CRTI, Ecoinvent Equer √  Pleiades + Comfie 

15 Rossi (2012) √   √  - BEEs, CRTI, Ecoinvent Equer √  Pleiades + Comfie 

16 Ooteghem (2012) √ √ √ √ √ m2 National LCI DB ATHENA √  eQUEST 



 

 



 



Title of document Year Main target group 
(Secondary target group) 

Scope of application and 
limitations 

RICS - Methodology for the calculation of 

embodied GHG as part of the life cycle carbon 
emissions for a building 

2012 Quantity Surveyors 

(Decisions makers in the design 
team) 

Europe (particularly UK) 

Information paper 

UK CPA (Construction Products Association) 

- Guide to understanding the embodied 
impacts of construction products 

2012 Construction Product Manufacturers 

(Design professionals and 
consultants) 

Europe (particularly UK) 

Information paper 

BSRIA (Building Services Research & 

Information Association)- Inventory of Carbon 

& Energy (ICE) summary guide 

2011 Building services engineers Europe (particularly UK) 

Guide 

ENCORD (European Network of 

Construction Companies for Research and 

Development) – Construction CO2e 
Measurement Protocol - A Guide to reporting 

against the Green House Gas Protocol for 

Construction Companies  

2012 Construction Companies acting as a 

main contractor or a large 

subcontractor 
(construction companies who 

manufacture materials or construction 

companies who operate buildings) 

Europe 

Measurement Protocol 

AIA (The American Institute of Architects) – 

AIA Guide to Building Life Cycle 

Assessment in Practice  

2010 Architects  United States 

Guide 

WRAP (Waste & Resources Action 

Programme) – Guidance for low carbon 

building projects and estates management  
 

2011 Construction clients, Property 

owners, Building managers  

(Design teams, contractors and 
facilities managers when appointing 

their supply chains) 

UK 

Guidance for low carbon 
building projects and estates 
management  
 

European Commission – EeBGuide 

Guidance Document - Operational Guidance 
for Life Cycle Assessment Studies of the 

Energy-Efficient Building Initiative  

2012 LCA practitioners, LCA tool 

developers 
 (Experts responsible for the 

definition of calculation rules for 

building labelling systems and for 
EPD programmes) 

Europe 

Guidance document 

UK GBC – Tackling Embodied Carbon in 

Buildings 

2015 Clients and Developers 

 
 

UK 

Guide for the client sector 

ICE (Institution of Civil Engineers) – Energy 

Briefing Sheet:  
Embodied Energy and Carbon 

2015 Civil engineers UK (also operates around the 

world) 
Briefing sheet 

KBOB – Guidelines for life cycle assessments 

of construction products and for buildings 

2012-2016 Civil engineers, architects, 

manufacturers 

Switzerland 

Guidance document 
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System Boundary type I: Cradle to Gate –  

System boundary type II: Cradle to Site –  

System boundary type III: Cradle to Handover –  

System boundary type IV: Cradle to End-of-Use –  

System boundary type V: Cradle to Grave –  

 

 



  Life cycle boundary Source 
Embodied 
energy 

Initial Material Cradle to gate Energy requirements to; 
• Extraction of raw material 
• Processing material 
• Assembly of product/components 
• Transport between companies for each step 

Construction Site Energy requirements to; 
• Transport to site 
• Site activities 
• Disposal of waste 

Recurring Refurbishment and 
maintenance  

Energy requirements to; 
• Replace material/components 
• Transport between gate to building 
• Repair 
• Transport of material/components to disposal 

Demolition End-of-life Energy requirements to; 
• Deconstruction 
• Disposal including transport 

Embodied 
GHG 
emissions 
(or, 
embodied 
carbon) 

Initial Material Cradle to gate CO2 emissions (CO2eq) due to; 
• Energy consumption of initial embodied energy 

above 
• Chemical reaction (e.g., clinker production of 

cement) 
• Sequestration of carbon absorbed (e.g., timber) 1) 

Construction Site CO2 emissions (CO2eq) due to; 
• Energy consumption of construction energy 

Recurring Refurbishment & 
maintenance 

CO2 emissions (CO2eq) due to; 
• Recurring embodied energy above 
• Chemical reaction (e.g., clinker production of 

cement) 
• Sequestration of carbon absorbed (e.g., timber) 

Demolition End-of-life CO2 emissions (CO2eq) due to; 
• Energy consumption of demolition energy above 
• burning fossil-based materials 
• burning renewable materials (e.g. timber) 2) 

1): only if biogenic carbon dioxide emitted is assessed with a GWP = 1 kg CO2-eq/kg biogenic CO2 
2): only if carbon sequestration is assessed with a GWP = - 3.67 kg CO2-eq/kg biogenic Carbon 



  



Building Parts Building Components Recommended Approach Own Approach 

Substructure Foundations X  

Basement retaining walls X  

Ground floor construction X  

Superstructure Frame X  

External walls X  

External doors X  

Windows X  

Internal walls X  

Floors X  

Ceilings  X  

Roof X  

Stairs and ramps X  

Building services Water system  X  

Sewage system X  

Heating system X  

Cooling system X  

Ventilation system X  

Electrical system  X  

Conveying systems  X  

Data system   

Fire protection system   

Finishes External finishes X  

Internal finishes X  

Fixed furniture   

Furniture   

External Balcony X  

Vegetation   

Pavement   

*The vacant column should be filled out, in case the approach followed is different than the one proposed by Annex 57. 



EMBODIED ENERGY  

Name of 
indicator inside 
Annex 57 

Embodied energy (EE1, EE2, EE3)   

Also known as Embodied energy (EE), Embedded energy, Grey energy, Cumulative energy demand (CED) 

Name in LCIA  
EE1 Abiotic Resource Depletion for Fossil Fuels or 
EE2 Use of non-renewable primary energy or 
EE3 Use of non-renewable and renewable primary energy 

  
EE1 Non-renewable primary energy consumption (fossil) or 
EE2 Non-renewable primary energy consumption (fossil + nuclear) or 
EE3 Primary energy total (renewable + non-renewable) 

Target  

EE1 Protection of fossil energy resources 
EE2 Protection of non-renewable energy resources 
EE3 Reduction of primary energy demand, Protection of non-renewable and renewable energy 
resources 

Definition  EE1, EE2, EE3 see definition of EE 

System 
boundaries 

System boundary type V - “Cradle to Grave”  
Feedstock energy (non-renewable) is included and may be reported separately.  
If calculated, benefits and loads beyond the life cycle of the building shall be reported 
separately – Module D 

Included 

Modules  
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R
aw

 M
at

er
ia

l 
S

u
p

p
ly

 

T
ra

n
sp

or
t 

to
 

M
an

u
fa

ct
u

re
r 

M
an

u
fa

ct
u

ri
n

g 

T
ra

n
sp

or
t 

to
 

B
u

il
d

in
g 

S
it

e 

In
st

al
la

ti
on

 i
n

to
 

B
u

il
d

in
g 

M
ai

n
te

n
an

ce
 

R
ep

ai
r 

 

R
ep

la
ce

m
en

t 

R
ef

u
rb

is
h

m
en

t 

D
ec

on
st

ru
ct

io
n

/ 
D

em
ol

it
io

n
 

T
ra

n
sp

or
t 

to
 E

O
L

 

W
as

te
 P

ro
ce

ss
in

g 

D
is

p
os

al
 

R
eu

se
, 

re
cy

cl
in

g 
or

 
re

co
ve

ry
 p

ot
en

ti
al

 

X (X)1 X (X) (X) (X) (X) X (X) X (X) X X (X) 

Unit MJ/reference unit/year (of the RSP) 

Sub-information: 

The results of embodied GHG emissions should be presented in both an aggregated and disaggregated form for each module. 

For the aggregated results, apart from system boundary type V - “Cradle to Grave”, also the system boundary “Cradle to Handover” 
should be used as sub-setting at the minimum, as it represents the initial emissions of the whole building. 

Following the idea of modularity of CEN TC 350 standards, at the highest level of disaggregation the results of the indicator should 

be expressed in ‘information modules’ recording the impact occurred in each module of each life cycle stage. 

 

 

 

                                            
1 The brackets mean that these activities are included only when there is data available. 



 

 

 

 

                                            
The brackets mean that these activities are included only when there is data available or if considered appropriate.

 
Recommended 

Approach 
Individual approach 

Included non –renewable energy resources EE1 EE2 EE3  
Fossil fuels as energy X (X) (X)  
Fossil fuels as feedstock X (X) (X)  
Nuclear fuels  X X  
Included renewable energy resources   
Biomass total   X  
Biomass as feedstock   (X)  
Solar energy   X  
Hydropower   X  
Wind power   X  
Geothermal energy   X  
Type of System Boundary   
Cradle to Gate     
Cradle to Site     
Cradle to Handover     
Cradle to End of Use     
Cradle to Grave X X X  
Cradle to Grave + Module D      
Unit of Measurement    
MJ/reference unit/year of the RSP (e.g. 50 years) X X X  
MJ/reference unit/year of the RSL     
MJ/reference unit (absolute)     
kWh/reference unit/year of the RSP(e.g.50 years)     
kWh/reference unit/year of the RSL     
kWh/reference unit (absolute)     
If other, please declare     
Reference Unit    
Gross Floor Area (GFA) X X X  
Net Floor Area (NFA)     
If other, please declare     
Included Processes in Detail /  Modules   
A1 Raw Material Supply X X X  

A2 Transport to Manufacturer X X X  

A3 Manufacturing X X X  

A4 Transport to building site (X)2 (X) (X)  

A5 Installation into building (X) (X) (X)  

B2 Maintenance (X) (X) (X)  

B3 Repair (X) (X) (X)  

B4 Replacement X X X  

B5 Refurbishment (X) (X) (X)  

C1 Deconstruction/ Demolition X X X  

C2 Transport to EOL (X) (X) (X)  

C3 Waste processing X X X  

C4 Disposal X X X  

D Reuse, recovery or recycling potential (X) (X) (X)  



 

Embodied GHG Emissions  

Name of indicator 
inside Annex 57 

Embodied GHG emissions  (EG1 and EG2) 

Also known as 
Embodied CO2 emissions, Embodied carbon, Partial Carbon Footprint, Embedded Carbon, 
ECO2. 

Name in LCIA  Global Warming Potential, GWP for the creation, maintenance and end-of-life of the building 

Metric 
EG1 Global Warming Potential (GWP100) (including the GHGs as presented in the 5th IPCC 
report) 
EG2 Global Warming Potential (GWP100) (including only CO2 and F-gasses) 

Target  Prevent or reduce climate change 

Definition  

Embodied GHG emissions is the cumulative quantity of greenhouse gases, which are emitted 
during all of the processes related to the creation of the product3, its maintenance and 
end-of-life. This is calculated and expressed as CO2 equivalent.” 

System Boundaries 

System boundary type V - “Cradle to Grave”  
 
Non-fuel related emissions are also included (e.g. due to chemical effects) 
If calculated, benefits and loads beyond the life cycle of the building shall be reported 
separately – Module D 
Carbon sequestration should be reported separately. 

Included Modules  

A1 A2 A A4 A5 B2 B3 B4 B5 C1 C2 C3 C D 
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X X X (X)4 (X) (X) (X) X (X) X (X) X X (X) 
Unit kgCO2eq./reference unit/year (of the RSP) 

Sub-information: 

The results of embodied GHG emissions should be presented in both an aggregated and disaggregated form for each module. 
For the aggregated results, apart from system boundary type V - “Cradle to Grave”, also the system boundary “Cradle to Handover” 
should be used as sub-setting at the minimum, as it represents the initial emissions of the whole building. 

Following the idea of modularity of CEN TC 350 standards, at the highest level of disaggregation the results of the indicator should 
be expressed in ‘information modules’ recording the impact occurred in each module of each life cycle stage. 

 
  

                                            
In our case products are construction products, constructed assets and buildings.
The brackets mean that these activities are included only when there is data available.



 

 
                                            

The brackets mean that these activities are included only when there is data available.

Checklist for defining the character of the indicator(s) used for EG: 

Type of GHG emissions CO2+F-gases GWP100 Individual approach 

Fuel related X X  
Non-fuel related – process related emissions X X  
Non-fuel related – Fluorocarbon due to insulation X (X)  
Type of System Boundary    
Cradle to Gate    
Cradle to Site    
Cradle to Handover    
Cradle to End of Use    
Cradle to Grave X X  
Module D (only as information)   (X)  
Cradle to Cradle    
Unit of Measurement     
kgCO2eq /reference unit/year of RSP (e.g. 50 years) X X  
kgCO2eq /reference unit/year of the RSL    
kgCO2eq /reference unit (absolute)    
kgCO2 /reference unit/year of RSP (e.g. 50 years)    
kgCO2 /reference unit/year of the RSL    
kgCO2 /reference unit (absolute)    
If other, please declare    
Included GHG emissions in CO2eq.    
Only CO2  X  
GHGs as identified in Kyoto Protocol X (X)  
GHGs as identified in the 3rd IPCC report    
GHGs as identified in the 4th IPCC report, Chapter 8    
GHGs as identified in the 5th IPCC report    
Fluorocarbon as defined in Montreal protocol    
If other, please declare    
Reference Unit    
Gross Floor Area (GFA) X X  
Net Floor Area (NFA)    
Energy Reference Area (ERA)    
Rentable Floor Area (RFA)    
If other, please declare    
Included Processes in Detail / Modules    
A1 Raw Material Supply X X  
A2 Transport to Manufacturer X X  
A3 Manufacturing X X  
A4 Transport to building site (X)5 (X)  
A5 Installation into building (X) (X)  
B2 Maintenance (X) (X)  
B3 Repair (X) (X)  
B4 Replacement X X  
B5 Refurbishment (X) (X)  
C1 Deconstruction/ Demolition X X  
C2 Transport to EOL (X) (X)  
C3 Waste processing X X  
C4 Disposal X X  
D Reuse, recovery or recycling potential (X) (X)  



 
  

Parameter Description of the Characteristics of the Object and its Assessment 

Location /climate 
and or heating degree days / cooling 

e.g. Germany/ moderate climate 

Building/ Usage type / intensity of use  school building, 200 students, hours of operation 08.00 –18.00, includes a sport 
hall 

Energy-standard (“net positive” during the use phase, expressed in “primary energy equivalents”) 
Gross floor area/ Net floor area e.g. 726 m2/ 615 m2 
Gross volume/ Net volume  
Reference area for EE/EC e.g. energy reference area … 535 m2 
Construction method e.g. Structural steel frame supporting precast concrete floor slabs 
U-values of the building envelope  
Ventilation system  
Heating and cooling system  
Final energy demand electricity Appliances, lighting, services, etc. (kWh/m2a) 
Final energy demand for heating and hot 
water / energy carrier(s) 

(kWh/m2a) 

Final energy demand for cooling (kWh/m2a) 
Purpose of assessment e.g. to determine the energy and GHG emissions offsetting, when a net zero 

concept is applied 
Assessment methodology e.g. according to EN 15978:2011 guidance 
Reference Study Period e.g. 50 years 
Included life cycle stages e.g. cradle to handover (use a checklist, as the one shown in figure 3, to describe in 

detail which modules/ processes are included 
Included parts of the building e.g. use a checklist, as the one shown in figure 4, to describe in detail which parts 

of the building are included 
Scenarios and assumptions used for 
construction process stage 

.... 

Scenarios and assumptions used for use 
stage 

.... 

Scenarios and assumptions used for EOL 
stage 

e.g. recycling at the end of life 

Databases used (if any) e.g. KBOB-recommendation 2009/1:2014, ökobau.dat or EPD of program ... 
Other data sources e.g. EPD’s from manufacturers 
LCA Software used (if any) e.g. LEGEP 
Method of materials quantification e.g. BIM Architecture 
Name/type of the indicator(s) used use table 4 for reporting the character of the indicator used 
Additional indicators assessed  



•

•

•

  



 
  

                    
Method 
 

Process method IO analysis Hybrid analysis 

Guideline/Standard etc ISO 14040, ISO 14044, 
ISO/TS 14067 
UNEP 
SETAC 
ISO 21930, EN 15804, EN 
15978 
PEF guide ({European 
Commission, 2014 #4937}) etc 

UN UNEP ({UN, 2000 #5301}) No guideline but similar to 
“process method” except for 
granular level of data (IO data 
used for granular level) 

Data input Company data 
Associations data 
Industrial data (statistics) 
Public authorities data (e.g. 
road transport emissions and 
energy consumption), energy 
and environmental 
performance of power plants, 
waste incinerators etc.) 
Scientific publications 
 

 
National statistics on annual 
sectorial production (physical 
and monetary), imports, 
exports, investments and 
consumption 
National statistics or 
information on intersectorial 
purchases and delivery of 
intermediate products and 
services 
National statistics on annual 
emissions and resource 
consumption, 
Allocation of the national 
emissions and resource 
consumptions to the economic 
sectors. 

Process data 
LCI data 
Economic data 
Economic input-output data 

Data output CO2, MJ etc per product or 
building based 

kg CO2, MJ etc per monetary 
based ($) 

CO2, MJ etc per product or 
building based 

Calculation approach Matrix inversion or sequential 
accumulation 

Economical input-output 
matrix inversion 

Combined “Process” & “IO” 
methods 

Examples ICE, ecoinvent (see e.g., 
{Frischknecht, 2004 #1840}, 
etc. 

3EID, Carnegie Mellon EIO 
LCA, CREEA ({Tukker, 2014 
#5298}) etc 

Scientific papers from 
universities 

Note 
 

Detailed granular level (i.e., 
material, product building, etc) 
Does usually not cover service 
sector inputs such as building 
insurance, planning processes 
and the like. 

Can cover macro level 
(building, urban, industry etc) 
usually covers all economic 
activities, including financial 
services, planning services, 
advertising and the like 

Combined process and IO 
approach. 
 



 

Database Geographical 
Boundary 

Unit Coverage Primary  
data source 

Lifecycle 
boundary 

Method Standar
dization 

3EID 
(Embodied 
Energy and 
Emission 
Intensity Data) 

Japan TOE or Ton-C/ ¥ EE/EG Japanese 
Economic 
Input-Output data 

Cradle to gate Input-Output N/A 

ICE UK/Europe kgCO2e/SI unit 
(kg, m2 etc) 

EE/EG journal/books/conf
erences etc. 

Cradle to gate Process ISO 
14040/4
4 

E3IOT Europe Emissions/€ LCI European 
Economic IO data 

Cradle to gate Input-Output N/A 

Athena LCI N.A. (Canada) Emission/SI unit 
(kg, m2 etc) 

LCI Industry Cradle to gate Process N/A 

Carnegie 
Mellon EIO 
LCA 

N.A. (US) t-CO2/$US LCI/EG US Economic IO 
data 

Cradle to gate Input-Output N/A 

US Embodied 
energy 

N.A. (US) Lbs CO2/ft2 EE/EG Athena data Cradle to grave Process N/A 

FWPA Australia CO2eq/SI unit (kg, 
m2 etc) 

EG ecoinvent Cradle to gate Process ISO 
14040/1
4048 

BPLCI (Building 
Product LCI) 

Australia Emission/SI unit 
(kg, m2 etc) 

LCI ecoinvent Cradle to gate Process ISO1404
4 

NZ EE/EC data New Zealand $ EE/EG New Zealand 
Economic IO data 

Cradle to gate Input-Output N/A 

Ökobau.dat Germany Emission/SI unit 
(kg, m2 etc) 

LCI/A Gabi database Cradle to gate Process EN1580
4 

ecoinvent data 
2.2+ 

Switzerland Energy resource/SI 
unit; 
Emission/SI unit 
(kg, m2 etc) 

LCI (unit 
process and 
cradle to 
gate), 
LCIA/EE/EG 

ecoinvent data 
v2.2+ 

gate to gate and 
cradle to gate 

Process: 
underlying 
data 
accessible on 
unit process 
level  

complian
t with all 
relevant 
internatio
nal 
standard
s 

KBOB 
recommendatio
n 2009/1:2014 

Switzerland Energy resource/SI 
unit; 
Emission/SI unit 
(kg, m2 etc) 

LCA/EE/EG ecoinvent data 
v2.2+ 

manufacture 
(cradle to gate) & 
disposal 

Process: 
underlying 
data 
accessible on 
unit process 
level  

complian
t with 
EN1580
4 

GIOGEN (LCI 
database for 
civil works) 

France Emission/SI unit 
(kg, m2 etc) 

LCI ecoinvent Cradle to gate Process N/A 

EE: Embodied energy, EG: Embodied GHG, LCI: Life cycle inventory 
 

 

  



Methods DB GHG other 
than CO2 

Recycled/ 
Reused 

New 
Material 

Equipment Imported Transportation On site  
emissions 

Waste 
treatment 
 
 

Process Australiasian ︎ ︎    ︎ ︎  

BUWAL250  ︎    ︎ ︎  

ecoinvent ︎ ︎    ︎ ︎  

KBOB2014 ︎ ︎ ︎ ︎ ︎ ︎ ︎ ︎ 

ETH-ESU96 ︎ ︎    ︎ ︎  

FranklinUSA98  ︎    ︎ ︎  

IDEMAT ︎ ︎    ︎ ︎  

Boustead  ︎    ︎ ︎  

ICE ︎/- ︎    ︎ ︎  

CLCD ︎ ︎    ︎ ︎  

KLCI ︎ ︎    ︎ ︎  

GreenBookLive N/A N/A ︎  ︎ ︎ ︎  

USLCI ︎ ︎    ︎ ︎  

FWPA ︎ ︎    ︎ ︎  

BPIC LCI ︎︎ ︎    ︎ ︎  

Aus LCI ︎ ︎    ︎ ︎  

IVAM LCI ︎ ︎    ︎ ︎  

I/O 3EID ︎   ︎ ︎ ︎ N/A  

E3IOT N/A   ︎ N/A ︎ N/A  

CenSA ︎ N/A  ︎ ︎ ︎ N/A  

USA I/O ︎   ︎ ︎ ︎ N/A  

AU I/O    ︎ ︎ ︎ N/A  

Danish I/O    ︎ N/A ︎ N/A  

Korean I/O    ︎ N/A ︎ N/A  

 
  



•

•

•

•

•

•

•

•

•
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LCA parameters
building materials:
KBOB recommendation

LCA parameters
building elements:
planning tools

calculate LCA parameters
of the building:
architect/planner



 

 

 
 

 
 

 
 

ecoinvent data v2.2

crude oil

embodied energy
hard coal

uranium

energy demand

resource demand

wastes

inventory result

inventory
manufacture
building material

indicators

hydro power

CO2

methane

SO2

heavy metals

wastes

emissions

greenhouse gas 
emissions

environmental 
impacts

ecoinvent Data v2.2+ (2014)

KBOB Recommendation 1/2009:2014 
«Life cycle assessment data in the construction sector»
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Material Process based LCA* Hybrid** IO*** 

AAC block 3.5 4 6.8 

Aluminum 154.3 252 378 

Appliances 301.1 250 301 

Brick 8.2 3.3 5.4 

Carpet 74.4 288 212 

Ceramic tiles 9 22 32 

Roof tile (clay) 6.5 20 17 

Concrete 1.1 1.8 2.4 

Concrete pavers 2 3.2 3.2 

Concrete tile 2 4.8 4.5 

Door (solid) 23 74 74 

Door (hollow) 23 48 48 

Glass 13.5 168 83 

Insulation (glass wool) 28 172 107 

Insulation (reflective) 154.3 370 303 

Mortar 1.3 1.8 2.6 

Paint 80 284 194 

Plaster 1.8 27.2 8.9 

Plasterboard 2.7 7.4 27.2 
Plastic 87 64 163.4 

   *CSIRO (2006) 

  **Treloar, 2006 

***Foran et al., 2005 

 
 
 



 



 
 

(a) Energy mix for electricity generation in different countries (IEA, 2012) 
 

 
(b) GHG intensity of electricity generation for different countries (IEA, 2009) 
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Item Name of materials and equipment Unit Description 

Building Structure Concrete Volume (m3)  The estimate value of the capacity of the concrete 

Steel bar Weight (t)  The estimate value of the weight of the steel bar and 
flames 

Outer wall 
finishing 

Tile Area (m2) or Price  The estimate value of the area or price of tile 

Metal window 
frame 

Area (m2) or Price The estimate value of the area or price of window flam 
and door. 

Insulation Weight (t)  The estimate value of the weight of the insulation 
(polystyrene or urethane foam) 

Fluorocarbon Weight (kg) Amount of fluorocarbon contained in insulation. See 
Table 4. 

Internal finishing Gross floor area 
(m2)  

It is assumed to be proportional to the gross floor area. 
A floor, door, ceiling and wall are included. 

Other work for building Price The estimate value of the price of other building work. 

Electric Equipment Capacity (kVA) or 
Price  

The estimate value of the capacity or price of 
transformer and switching gear. 

Lighting Quantity The estimate value of the quantity of the light fittings. 

Other work for electric Price The estimate value of the price of other electric work. 

HVAC Chillers Capacity (kW) or 
Price 

The estimate value of the capacity or price of chillers. 

Air conditioners Capacity (kW) or 
Price 

The estimate value of the capacity or price of air 
conditioners. 

Fluorocarbon Weight (kg) The estimate value of the weight of refrigerants for the 
chillers and air conditioners. 

Other work for HVAC Price  The estimate value of the price of other air 
conditioning work. 

Plumbing Plumbing work Price The estimate value of the price of plumbing work. 

Lift Lift Capacity (kW) or 
Price 

The estimate value of the capacity or price of lift. 

Site work Temporary work, electricity bill Gross floor area 
(m2) 

It is assumed to be proportional to the gross floor area. 
It is included temporary work, electricity bill and 

 



 

 

Thermal 
conductivity 

W/(m·K) 

Density 
kg/m3 

Type of 
Freon 

GWP 
(-) 

Fluorocarbon 
Content rate 

(%) 

Expanded polystyrene 0.034 29 R-134a 1,430 2.7 

Urethane foam (board-shaped) 0.028 30 R-245fa 1,030 4.7 

Urethane foam (foamed on-site) 0.028 30 R-245fa 1,030 7.3 

 

Name of Equipment 
Intensity of 

refrigerants 
[kg/kWth] 

CO2 emissions factor 
Recovery 
efficiency 

IPCC Guideline [5] Japan [6] Japan [7] 

Chillers 0.33 2%-15% 6%-7% 
30% Residential and commercial 

A/C including heat pump 
0.33 1%-10% 2%-5% 

 

Name GWP 

R410A 2090 

R134a 1430 

R32 675 

HFO1234ez 6 

 



Intended use Library 

Location Japan 

Structure Reinforced-concrete 

No. of stories 3  

Site Area 849.37m2 

Gross floor area 2,412.99m2 

Electrical equipment Receiving high-voltage electricity: 125kVA, Lighting and consents, Broadcast 
and telephone equipment, Disaster prevention system 

Air-conditioning equipment Air cooled chiller, Gas heatpump unit, FCU on each floor 
Water supply and drainage 
sanitation 

System for direct connection to water supply, Sanitary facilities, City gas 
equipment 

Elevator facilities 750kg x 1 unit. 

 
 

 

 

 
 
 
 
 

 

(a) Ground floor layout (BCI, 2004) (b) East front view (BCI, 2004) 



Item 
Name of materials 
and equipment 

Quantity Unit 

EE
Intensity 

EG  
Intensity 

Initial EE Initial EG 

MJ/unit kg-CO2/unit GJ t-CO2 

Building       

Structure 
Concrete 1,729 m3 1,295 267 2,239 462 

Steel bars 220 t 14100 1360 3,102 299 

Outer wall 
finishing 

Tiles 4.426 106Yen 54,376 3,500 241 15 

Metal window 
frames 

13.256 106Yen 35,353 2,878 469 38 

Insulation 0.754 t 44,584 3,057 34 2 

Fluorocarbon 0 kg  1030  0 

Internal finishing 2,413 m2GFA 733 59 1,769 142 

Other work for building 37.437 106Yen 26,500 2,100 992 79 

Subtotal     8,845 1,038 

Electric 

Transformers 0.341 106Yen 21,509 1,727 7 1 

Switching boards 3.433 106Yen 22,878 1,780 79 6 

Lighting 557 Nos. 85.6 6.2 48 3 

Other work for 
electric 

16.642 106Yen 26,500 2,100 441 35 

Subtotal     575 45 

HVAC 
 

Chillers 8.440 106Yen 23,502 1,808 198 15 

Air conditioners 11.081 106Yen 23,502 1,808 260 20 

Fluorocarbon 26 kg  2,090  54 

Other work for 
HVAC 

24.800 106Yen 26,500 2,100 657 52 

Subtotal     1,116 142 

Plumbing 
 

Sanitary ware 1.299 106Yen 54,376 3,500 71 5 

Other work for 
plumbing 

9.665 106Yen 26,500 2,100 256 20 

Subtotal     327 25 

Lifts 6.300 106Yen 28,735 2,359 181 15 

Site work 
Temporary work,  
electricity bill 

2,413 m2GFA 431 33 1,040 80 

Total     12,083 1,344 

per GFA /m2     5.008 0.557 

 



 

Item 
Name of 
materials and 
equipment 

Initial EE Initial EG 
Maintenance 

Number 
of Times 
Replaced  

Demolition 

Lifecycle
EE 

Lifecycle 
EG 

GJ t-CO2 GJ t-CO2 

Building        

Structure 
Concrete 2,239 462  0  2,239 462 

Steel bars 3,102 299  0  3,102 299 

Outer wall 
finishing 

Tiles 241 15  1  481 31 

Metal 
window 
frames 

469 38  2  1,406 114 

Insulation 34 2  2  101 7 

Fluorocarbon  0  2   0 

Internal finishing 1,769 142  4  8,844 712 

Other work for building 992 79  5  5,953 472 

Subtotal 8,845 1,038    22,125 2,097 

Electric 

Transformers 7 1  2  22 2 

Switching 
boards 

79 6  4  393 31 

Lighting 48 3  9  477 35 

Other work 
for electric 

441 35  4  2,205 175 

Subtotal 575 45    3,097 242 

HVAC 

Chillers 198 15  4  992 76 

Air 
conditioners 

260 20  4  1,302 100 

Fluorocarbon  54 2% 4 70%  261 

Other work 
for HVAC 

657 52  4  3,286 260 

Subtotal 1,116 142    5,580 698 

Plumbing 
Sanitary ware 71 5  2  212 14 

Other work 
for plumbing 

256 20  4  1,281 101 

Subtotal 327 25    1,493 115 

Lifts 181 15  4  905 74 

Site work 
Temporary 
work,  
electricity bill 

1,040 80    1,040 80 

Total 12,083 1,344    34,240 3,305 

per GFA /m2 5.008 0.557    14.190 1.370 

Part 
Simple Calculation Detailed Calculation 

MJ kg-CO2 MJ kg-CO2 

 12,177,252 1,299,455 12,568,761 1,367,120 

Total 97% 95% 100% 100% 
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CS 
No. 

Building type Main materials (load bearing 
structure) 

RSP LC 
phases  

Observations 
about EE 

Observations about EG 

NO4 Timber frame, 

single storey, 

residential/ 

demonstration 

building 

 (As built) 

Design Drawing Stage 
1)Timber frame, mineral wool 

insulation (envelope), 

concrete in foundation, VIP 

used with glazing. 

2)Integrated phase change 

material, photovoltaic panels 

(BAPV) integrated in sloped 

roof. 

 

60 

years 

A1-3, A4, 

A5 B4 

 Compared to NO1 

(A1-3), the 3 strip 

concrete foundation 

instead of the raft 

foundation led to 1/3 

reduction in emissions.  

‘As Built’ Construction Stage 
1)Omission of concrete footing 

between design and 

construction stage. 

 Omissions between led to 

over a 40% reduction in 

the amount of concrete 

used (9m3), and a 20% 

reduction in emissions 





CS 
No. 

Building 
type 

Main materials (load bearing 
structure) 

RSP LC 
phases  

Observations about EE Observations about 
EG 

JP4 Library 
building 

1st scenario: Reinforced concrete 
construction with service life of 
60 years 

100 
years 

A1-3 30-35% reduction in 
second scenario, 
depending of earthquake 
resistance strength. 

20-30% reduction in 
second scenario 
depending of 
earthquake resistance 
strength. 

2nd scenario: Reinforced 
concrete construction with 
service life of 100 years and 
earthquake resistance 
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Do building regulations include 
embodied emissions? 

          ~    ~  

Are there different requirements for 
domestic and non-domestic buildings?  

      ~        ~  

Are there sustainability certifications 
specific to your country? 

          ~      

Do they include embodied emissions? ~                

Do other voluntary initiatives exist to 
measure embodied emissions? 

        ~        

Is there a construction LCA database for 
your country?  

     ~           

Are there (LCA) tools to calculate 
embodied emissions in your country? 

                

Are there any on-going initiatives to 
develop LCA tools? 

                

Is it common for construction products 
to have EPDs? 

~ ~  ~ ~   ~    ~    ~ 

Is there an EPD database for your 
country? 

~          ~      

Are there any on-going initiatives to 
develop national databases? 

 ~      ~      ~   

KEY: 
 
 
 

Positive answer     
Negative answer   
Ambiguous/complex answer        ~ 
Question not answered 
 (bl k) 
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The International Energy Agency (IEA) was established in 1974 within the framework of the Organisation 

for Economic Co-operation and Development (OECD) to implement an international energy programme. A 

basic aim of the IEA is to foster international co-operation among the 29 IEA participating countries and to 

increase energy security through energy research, development and demonstration in the fields of 

technologies for energy efficiency and renewable energy sources.  

The IEA co-ordinates international energy research and development (R&D) activities through a 

comprehensive portfolio of Technology Collaboration Programmes. The mission of the Energy in Buildings 

and Communities (EBC) Programme is to develop and facilitate the integration of technologies and 

processes for energy efficiency and conservation into healthy, low emission, and sustainable buildings and 

communities, through innovation and research. (Until March 2013, the IEA-EBC Programme was known as 

the Energy in Buildings and Community Systems Programme, ECBCS.) 

The research and development strategies of the IEA-EBC Programme are derived from research drivers, 

national programmes within IEA countries, and the IEA Future Buildings Forum Think Tank Workshops. 

The research and development  (R&D) strategies of IEA-EBC aim to exploit technological opportunities to 

save energy in the buildings sector, and to remove technical obstacles to market penetration of new energy 

efficient technologies. The R&D strategies apply to residential, commercial, office buildings and 

community systems, and will impact the building industry in five focus areas for R&D activities:  

– Integrated planning and building design 

– Building energy systems 

– Building envelope 

– Community scale methods 

– Real building energy use 

Overall control of the IEA-EBC Programme is maintained by an Executive Committee, which not only 

monitors existing projects, but also identifies new strategic areas in which collaborative efforts may be 

beneficial. As the Programme is based on a contract with the IEA, the projects are legally established as 

Annexes to the IEA-EBC Implementing Agreement. At the present time, the following projects have been 

initiated by the IEA-EBC Executive Committee, with completed projects identified by (*): 

Annex 1: Load Energy Determination of Buildings (*) 

Annex 2:  Ekistics and Advanced Community Energy Systems (*) 

Annex 3:  Energy Conservation in Residential Buildings (*) 

Annex 4:  Glasgow Commercial Building Monitoring (*) 

Annex 5:  Air Infiltration and Ventilation Centre  



Annex 6:  Energy Systems and Design of Communities (*) 

Annex 7:  Local Government Energy Planning (*) 

Annex 8:  Inhabitants Behaviour with Regard to Ventilation (*) 

Annex 9:  Minimum Ventilation Rates (*) 

Annex 10:  Building HVAC System Simulation (*) 

Annex 11:  Energy Auditing (*) 

Annex 12:  Windows and Fenestration (*) 

Annex 13:  Energy Management in Hospitals (*) 

Annex 14:  Condensation and Energy (*) 

Annex 15:  Energy Efficiency in Schools (*) 

Annex 16:  BEMS 1- User Interfaces and System Integration (*) 

Annex 17:  BEMS 2- Evaluation and Emulation Techniques (*) 

Annex 18:  Demand Controlled Ventilation Systems (*) 

Annex 19:  Low Slope Roof Systems (*) 

Annex 20:  Air Flow Patterns within Buildings (*) 

Annex 21:  Thermal Modelling (*) 

Annex 22:  Energy Efficient Communities (*) 

Annex 23:  Multi Zone Air Flow Modelling (COMIS) (*) 

Annex 24:  Heat, Air and Moisture Transfer in Envelopes (*) 

Annex 25:  Real time HVAC Simulation (*) 

Annex 26:  Energy Efficient Ventilation of Large Enclosures (*) 

Annex 27:  Evaluation and Demonstration of Domestic Ventilation Systems (*) 

Annex 28:  Low Energy Cooling Systems (*) 

Annex 29:  Daylight in Buildings (*) 

Annex 30:  Bringing Simulation to Application (*) 
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