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Goals of the study  
according to ISO 14040/44:2006 (1) 

Á The reasons for carrying out the study   

 é To better understand precast concreteôs environmental life cycle 

performance in Canadian mid-rise precast concrete buildings relative 

to alternative structural and envelope systems in accordance with the  

ISO 14040:2006 and 14044:2006.   

Á The intended application 

 é To disseminate information on the LCA of precast concrete that is 

based on the most complete and up-to-date life cycle inventory data 

for Canadian cement and concrete products.  



Goals of the study  

according to ISO 14040/44:2006 (2) 

Á The intended audience  

é The intended audience is architectural, engineering, and specifying 

professionals, academia, governmental organizations, and other 

interested parties who require reliable information on sustainable 

building design practices.  

Á Comparative assertions  

é  This LCA study includes a comparative assertion intended to be 

disclosed to the public and a critical review was conducted by an 

independent external panel of LCA and technical experts as per 

Clause 7.3.3, ISO 14044:2006.  



Introduction to LCA   

... address the environmental 

aspects and potential environmental 

impacts (e.g. resource use and 

environmental consequences of 

releases) throughout a product's life 

cycle from raw material acquisition 

through production, use, end-of-life 

treatment and disposal (i.e. cradle-

to-grave). 

Life Cycle Assessments...  

[ISO 14040:2006] 



LCA Phases 

 [ISO 14040:2006] 



Scope of the Study 

Á   Product(s) to be studied  

Á   Product System Boundaries 

Á   Functional unit  

Á   Cut-off criteria   

Á   Allocation procedures  

Á   LCIA Methodology    

Á   Data Quality Requirements  

Á   Type of Critical Review 

Á   Data sources and primary data collection 

Á   Building and Location Description   



Product(s) to be studied 

Typical commercial building with plan dimensions 27.4 by 36.6 m (90 by 120 ft) and gross 

floor area 5017 m2  (54,000 ft2), with 5 (five) variations of building envelope and 3 (three) 

variations of structural framing in two Canadian locations (Toronto, Vancouver).   

Envelope and abbreviation Structure and abbreviation 

Steel (S) Cast in place 

concrete (C) 

Precast 

concrete (P) 

Curtain wall (CW) CW-S CW-C CW-P 

Brick and steel stud (S) S-S S-C S-P 

Precast concrete (P) P-S P-C P-P 

Insulated precast concrete (Pi) Pi-S Pi-C Pi-P 

Insulated precast concrete and  

thin-brick veneer (Pib)* 

Pib-S Pib-C Pib-P 



Building System Boundaries  

Building system boundary

Construction

Occupancy

Maintenance

Demolition

End-of-life waste treatment 

(recycling, landfill)

Input materials and products:

Cradle-to-gate upstream profiles 

of building constituent materials 

and products: e.g., precast 

concrete and other cement-

based products, steel and 

aluminum products, gypsum 

board, paint, insulation, air and 

vapor barriers, etc.

Transportation

Input energy:

(e.g., electricity generation, 

fossil fuels pre-combustion, 

heat generation, etc.)

On-site waste treatment 

(recycling, landfill)

Emissions to air, 

water, and soil

Building system boundary

Construction

Occupancy

Maintenance

Demolition

End-of-life waste treatment 

(recycling, landfill)

Input materials and products:

Cradle-to-gate upstream profiles 

of building constituent materials 

and products: e.g., precast 

concrete and other cement-

based products, steel and 

aluminum products, gypsum 

board, paint, insulation, air and 

vapor barriers, etc.

Transportation

Input energy:

(e.g., electricity generation, 

fossil fuels pre-combustion, 

heat generation, etc.)

On-site waste treatment 

(recycling, landfill)

Emissions to air, 

water, and soil



Functional Unit 

é  the functional unit is a five-story commercial office building 

which meets minimum building energy code requirements RSI-value 

(R-value) and provides conditioned office space for approximately 

130 people.  

 

The functional unit includes both the physical building and the 

service the building provides, which is conditioned space for 

occupants. Conditioned space consists of maintaining thermostat 

set points of 21°C (70°F) for heating, 24°C (75°F) for cooling, 2°C 

(4°F) throttling range, and night setback temperatures of 13°C 

(55°F) for heating and 37°C (99°F) for cooling. The service life of the 

building is assumed to be 60-years.  



Precast Plant System Boundaries 

Cement

manufacture

Handling

and storage

Mixer 

wash-out/off

Plant

operations

Gate- to gate Precast 

plant system boundary

Electricity

Transportation

Aggregate

production

Handling

and storage

Transportation

Transportation 

to building site

Fuels

Transportation

Reinforcing

Admixtures

Water

Plant waste

disposal

Cradle-to gate Precast plant system boundary

Supplementary

cementitous materials

transportation

Cement

manufacture

Handling

and storage

Mixer 

wash-out/off

Plant

operations

Gate- to gate Precast 

plant system boundary

Electricity

Transportation

Aggregate

production

Handling

and storage

Transportation

Transportation 

to building site

Fuels

Transportation

Reinforcing

Admixtures

Water

Plant waste

disposal

Cradle-to gate Precast plant system boundary

Supplementary

cementitous materials

transportation



Cut-off Criteria  

Å   Mass 

é all input flows that cumulatively contribute less than 1% of the total mass 

input of the product system being modeled can be excluded, providing its 

environmental relevance is minor. 

Å   Energy ï  

é all input flows that cumulatively contribute less than 1% of the total 

product systemôs energy inputs can be excluded, providing its environmental 

relevance is minor. 

Å   Environmental relevance ï  

é if an input flow meets the above two criteria, but is determined (via 

secondary data analysis) to contribute 2 % or more to any product life cycle 

impact category (see below), it is included within the system boundary.  



Allocation procedures  

Allocation 

é is defined as partitioning the input or output flows of a process or a product system 

between the product system under study and one or more other product systems.  

 

ISO three stepwise approach 

Step 1. Dividing the unit process or expanding the product system  

Step 2. Physical allocation  

Step 3. Economic allocation  



LCIA Methodology (1) 

Impact category Indicator result  Characterization 

method 

Level of site specificity 

selected 

Global warming kg CO2 ïeq. TRACI Global 

Acidification kg H+ TRACI North America 

Ozone depletion  kg CFC-11 TRACI Global 

Eutrophication  kg N water TRACI North America 

Particulate matter kg PM2.5 TRACI North America 

Photochemical smog  kg ethylene TRACI North America 

Solid waste kg Sum of LCI flows North America 

Water use kg Sum of LCI flows North America 

Abiotic resource depletion, 

excluding energy  

kg antimony/yr  CML 2001 Global 

Total primary energy* MJ CED adapted Global 



LCIA Methodology (2) 

Impact category Indicator result  Characterization 

method 

Level of site specificity 

selected 

Total primary energy* MJ CED adapted Global 

Non-renewable, fossilÀ MJ 

Non-renewable, 

nuclearÀ 

MJ 

Renewable (solar, wind, 

hydro, geothermal)À 

MJ 

Renewable (biomass)À MJ 

Feedstock, fossilÀ MJ 

Feedstock, biomassÀ MJ 



Data Quality Requirements  

Å From all the available life cycle inventory data and metadata that could 

be used, preference has been given to the most recent product-specific 

data for Canada and North America representing an average level of 

technology.  

 

Å When North American LCI data were not available, European data 

sources (such as, Ecoinvent v 2.2) have been used, but adjusted to take 

into consideration North American upstream resource, electricity, 

materials and downstream product transportation. 



Type of Critical Review  

Since this LCA study includes a comparative assertion 

intended to be disclosed to the public, an independent 

external panel of LCA and technical experts has 

critically reviewed the methodology and results as per 

Clause 6.3, ISO 14044:2006.  

 



Critical Review Process 

The critical review process shall ensure that  

 

Å    the methods used to carry out the LCA are consistent with ISO 14044:2006 

International Standard,  

Å    the methods used to carry out the LCA are scientifically and technically valid,  

Å    the data used are appropriate and reasonable in relation to the goal of the study,  

Å    the interpretations reflect the limitations identified and the goal of the study, and  

Å    the study report is transparent and consistent.  



Data sources (1)  

LCI input data Time frame Geographical 

representativeness 

Technological 

representativeness 

Source Primary or 

secondary data 

Common primary fossil 

fuels (including pre-

combustion 

2004-2008 North America Average  U.S. LCI Database Secondary 

Electricity generation and 

delivery 

2007 Canada Average U.S. LCI Database, 

IEA & DOE 

Secondary 

Cement 2006-2008 Canada Average PCA Primary 

Ready-mixed concrete 2006-2008 Canada Average PCA survey Primary 

Precast concrete 2008 Canada Average CPCI surveys Primary 

Steel products 2000; 2007 Worldwide; adjusted 

to North America 

Average World Steel 

Association; 

Canadian Steel 

Industry Association 

Secondary 

Aluminum products 2004/2005 Worldwide; adjusted 

to North America 

Average International 

Aluminum Institute 

Secondary 



Data sources (2) 
LCI input data Time frame Geographical 

representativeness 

Technological 

representativeness 

Source Primary or 

secondary data 

Float glass 2005  Adjusted Canada Average Ecoinvent Secondary 

Clay brick 2008 Canada Average Athena Database  Secondary 

Insulation, EPS, XPS, 

polyisocyanurate 

2007 Canada Average American Chemistry 

Council (ACC) 

Secondary 

Insulation, fiberglass 

and rockwool 

2006 Adjusted to Canada  Average Ecoinvent Secondary 

Modified bitumen 

roofing 

2004  Canada Average Athena Institute Secondary 

Vapour retarder 2007 Canada Average ACC Secondary 

Raw material and final 

product transport 

2004/2009 Canada Average Surveys, Statistics 

Canada 

Primary, Secondary 

End-of Life 2000/2007 Canada  Average Athena Database 

ICF 2005*  

Secondary 



Primary data collection from precast 
concrete plants 

Á Reference year- 2008 (12 months)  

Á 3 Precast Concrete Plants: Richmond, British Columbia; Winnipeg, Manitoba; 

Terrebonne, Quebec.  

Á Generic Data collection system (DCS)  

 - Identification of the data that needs to be collected; 

 - Planning when, where, and how data are to be collected and by whom; 

 - Identification and treatment of data gaps as per ISO requirements; 

 - Data collection process; 

 - Documentation of the resulting data, together with possible sources of error, 

 bias or lack of knowledge; 

 - Averaging the data across the plants; 

 - Validation of the data by CPCI and verifiers; and  

 - Communication of the data and its documentation.  



Concrete Mix Designs and Properties 

Mix constituents and property, unit per m3 

(unless noted otherwise) 

Hollow-core slab Precast wall panel, 

beams, and columns 

Cast-in-place 

structural concrete* 

Cast-in-place non-

structural concreteÀ 

Portland cement, kg 326 354 268 179 

Fly ash, kg 53 79 67 44 

Fine aggregate, kg 961 943 712 831 

Coarse aggregate, kg 920 759 1187 1127 

Mix water, kg 126 166 141 141 

Water-reducing admixture, kg 0.4 3.0 3.0 1.2 

Total, kg 2387 2305 2374 2323 

Mix property  

Waterïcementitious materials ratio 0.33 0.38 0.42 0.63 

Cement substitution with SCM, % 14 18 20 20 

Nominal compressive strength, MPa 40 to 50 35 to 40 35 20 

Fluid volumetric conversion 

Water used in mix , L 97 127 108 108 

Chemical admixtures, L 1 5 n.d. 8 

 * Beams, columns, footings, and topping slab for hollow-core slab; À Slab on ground; Note: SCM = supplementary cementitious material; n.d. = no data. 



Building and Location Description  

Á   Size, Shape and Climate   

Á   Windows and Roofs   

Á   Slab-on-ground, foundation walls, and footings  

Á   Floors and Interior walls  

Á   Structural framing 

Á   Thermal performance of exterior envelope 

Á   Items not included   



Size, Shape and Climate  

Size and shape 
 

Å Five-story commercial buildings with plan dimensions 27.4 by 36.6 m (90 by 120 ft). 
 

Å Column grid spacing of 9.1 by 12.2 m (30 by 40 ft). 

 

Å The building height of 19.2 m (63 ft) is based on 4.6 m (15 ft) for the first story and 3.7 m 

(12 ft) for the remaining four stories.  

 

 

Climate  
 

Å Vancouver, British Columbia - a cool climate (Climate Zone 5C)ðand  

 

Å Toronto, Ontario - a cold climate (Climate Zone 6A). 



Windows and Roofs  

Å Band of windows each measuring 

approximately 1.5 by 1.5 m (5 by 5 ft). 

Å Windows are non-recessed; equally 

spaced; and non-operable (no blinds or 

shading devices).  

ÅThe overall window to wall ratio is 

0.40.  

Å The roofs consist of board insulation, 

cover board, and built-up waterproofing 

membrane. 



Slab-on-grade, foundation walls, and 
footings  

Å  The ground-level floor consists of 15 cm (6-in.) cast-in-place 

concrete slab-on-ground, underslab vapour retarder, and rigid 

insulation in Toronto (required by energy code).  

 

Å  Foundation walls and footings are reinforced cast-in-place 

concrete.  

 

Å  The dimension and material quantities for foundation walls and 

footings is determined using ENERCALC structural engineering 

software.  



Floors and Interior walls 

Å  Interior floors of the precast concrete frame buildings consist of 

20 cm (8 in.) hollow core concrete with a 5-cm (2in.) concrete 

topping slab.  

 

Å   Interior floors of the steel frame buildings consist of ribbed steel 

deck with concrete topping whose thickness varies between 5 and 

10 cm (2 and 4 in.).  

 

Å  The interior walls consist of non-structural steel studs (cold-

formed steel) and gypsum wallboard. Interior partitions and 

partition walls (for example, between office cubicles and interior 

offices) are excluded because its contribution is the same across 

all buildings and all climates.  



Structural framing 

Å  For the steel framing, the RAM Steel structural engineering 

software (version 13.0) was used.  

 

Å   For cast-in-place columns and beam-integral floor slabs, 

manual engineering calculations were used.  

 

Å   For precast concrete beams, columns, and hollow-core slabs, 

the PCI Handbook was used with manual engineering calculations, 

but the same resulting sizes can be obtained from the CPCI Design 

Manual.  



Thermal performance of exterior 
envelope (1) 

Á The thermal performance of the exterior envelope 

assemblies is based on the requirements in ASHRAE 

Standard 90.1-2007 Energy Standard for Buildings Except 

Low-Rise Residential Buildings.30  

 

Á The Canadian Model Energy Code was derived from 

ASHRAE 90.1  

 

Á Both the Ontario and British Columbia energy codes 

reference ASHRAE 90.1.  



Thermal performance of exterior 
envelope (2) 



Thermal performance of exterior 
envelope (3) 



Thermal performance of exterior 
envelope (4) 

Á The modeled rate of infiltration is based on the typical 

Canadian maximum rate of 0.5 L/s ·m2 of envelope area 

when measured at a pressure difference of 75 Pa.  

 

Á All buildings envelopes, whether curtain wall, brick on steel 

stud backup, or precast concrete, are all presumed to be 

designed and constructed to be equally airtight.  



Items not included 

No. Items not included Reason for exclusion 

1 Fireproofing Falls under the cut-off criteria of this LCA study 

2 Furniture Common to all buildings 

3 Electrical cooper wire 

4 Data cables 

5 Heating, ventilation, and air-conditioning systems 

6 Fire suppression systems 

7 Control systems 

8 Ceramic tile 

9 Carpet tile 

10 Elevators 

11 Plumbing 

12 Ceiling tiles 

13 Lighting 

14 Doors 

15 Hardware 



Annual Energy Use (1) 

Å EnergyPlus whole-building energy simulation software, developed by the 

U.S. Department of Energy and other parties;   

 

Å It simulates the complex interactions between climate; internal gains from 

lights, people, and equipment; building form and fabric; HVAC systems; and 

renewable energy systems;  

 

Å Interaction between building operation, envelope, systems that use energy, 

and the outdoor environment. How the HVAC system responds to these 

interactions is how the modeled buildings differ from each other.  

 

Å Heating, cooling, lighting (including exterior lighting), and interior 

equipment (including elevators) were simulated for each combination of 

building envelope and structure at 10-minute intervals and summed over a 

typical year. 



Annual Energy Use (2) 
As-Modeled (Reduced) U-factors and RSI/R-values  

Wall U-

factor 

Wall U-

factor 

Overall wall 

RSI-value 

(1/U) 

Overall wall 

R-value (1/U) City  Building envelope 

W/m
2
·K But/hr·ft

2
·°F m

2
·K/W hr·ft

2
·°F/Btu 

Curtain wall (CW) 0.433 0.0763 2.31 13.1 

Brick and steel stud (S) 0.498 0.0877 2.01 11.4 

Precast concrete (P) 0.424 0.0747 2.36 13.4 

Insulated precast concrete (Pi) 0.430 0.0757 2.33 13.2 
Vancouver 

Insulated precast concrete and 

thin-brick veneer (Pib) 
0.428 0.0754 2.34 13.3 

Curtain wall (CW) 0.433 0.0763 2.31 13.1 

Brick and steel stud (S) 0.444 0.0782 2.25 12.8 

Precast concrete (P) 0.372 0.0655 2.69 15.3 

Insulated precast concrete (Pi) 0.376 0.0662 2.66 15.1 
Toronto 

Insulated precast concrete and 

thin-brick veneer (Pib) 
0.374 0.0659 2.67 15.2 

 



Annual Energy Use (3) 

Baseline Building Assembly 

(P-P) 

Annual site energy use, GJ 

Vancouver  Toronto   

Heating 427 705 

Cooling 115 203 

Interior lighting 610 610 

Exterior lighting 232 233 

Interior equipment 908 908 

Elevators 165 165 

Fans 71 77 

Pumps 0.4 0.4 

Water Systems 54 58 

Total 2583 2958 



Annual Energy Use (4) 

TABLE 1. ANNUAL SITE ENERGY  USE BY ENERGY SOURCE, VANCOUVER 

 Annual site energy use, GJ 

Building CW-S CW-C CW-P S-S S-C S-P P-S P-C P-P Pi-S Pi-C Pi-P Pib-S Pib-C Pib-P 

Electricity 2596 2504 2537 2576 2490 2519 2567 2481 2512 2550 2469 2501 2550 2469 2498 

Natural gas 64 71 69 67 74 73 66 73 71 67 75 73 67 75 73 

 

TABLE 2. ANNUAL SITE ENERGY  USE BY ENERGY SOURCE, TORONTO 

 Annual site energy use, GJ 

Building  CW-S CW-C CW-P S-S S-C S-P P-S P-C P-P Pi-S Pi-C Pi-P Pib-S Pib-C Pib-P 

Electricity 2854 2767 2802 2838 2752 2787 2816 2729 2764 2804 2727 2756 2803 2726 2755 

Natural gas 171 199 189 178 206 197 175 203 194 178 203 197 178 203 197 

 



Maintenance, Repair and Replacement (1)  

Å The study building is assumed to be an owner occupied office building with a 

service life of 60 and 73 years;  

 

Å The following eight study assemblies were identified as undergoing maintenance: 

 
 1. Interior partitions (all cases) 

 2. Roof waterproofing system (all cases) 

 3. Windows (all cases except buildings with curtain wall) 

 4. Curtain wall 

 5. Brick and steel stud wall 

 6. Conventional precast panel wall 

 7. Insulated precast panel wall 

 8. Insulated precast with brick veneer panel wall  

 



Maintenance, Repair and Replacement (2)  

Å The study building is assumed to be an owner occupied office building with a 

service life of 60 and 73 years  

Qm,n tot  = Qm,n * (SL ï Pn) / Pn * (100%+WFm)/100 
 

Where, 
m material or energy  

n  maintenance stage activity  

Qm,n  quantity of material or energy m for activity n- e.g. 1 ton material;  

SL building service life (years)- e.g. 73 years  

Pn  activity rate for activity n (years)- e.g. 20 years  

WFm  waste factor for material or energy m (%)- e.g. 5%  

 

Example:  

Qm,n tot  = 1 * (73 ï 20) / 20 * (100+5)/100 = 2.78 ton of material for 73 years service life 



End of Life  

Waste Type Construction over 2000 m
2
 Demolition over 2000 m

2
 

Brick and concrete X X 

Drywall (unpainted) X X 

Steel X X 

Wood untreated X X 

 

Material to be recycled by establishments designated under Ontarioôs 3Rs Regulations  

Construction and Demolition Waste End-of-Life Scenarios 

Material  Reused Recycled Landfilled  

Brick and concrete
1
 é 100% é 

Drywall
2
 é 15% 85% 

Steel
3
 é RR = 98% (S) & 70% (R) é 

Aluminum
4
 é RR = 95%  é 

Glass & other materials
5
 é é 100% 

 1. Assume all brick and concrete crushed on-site with 50% remaining on site as fill and the remainder trucked off-site 60 km to 

be used as a substitute for aggregate. 

2. Assume gypsum on-site construction off-cuts are recycled (100%), with the remainder sent to landfill. 

3. SRI 2011 data and WSA 2008 LCI EOL modeling are applied for structural and reinforcing steel products (Section 6.5). 

4. IAI 2007 and EAA 2008 data and LCI EOL modeling are applied for aluminum products (Section 6.5). 

5. Assume all float glass is landfilled (window or curtain wall) 



Life Cycle Inventory (LCI) Model (1) 

Black-box 

Commercial 

building  

Step 1- Define building structure 

and envelope (assemblies)  

Step 2- Define building sub-assemblies  

(both basic & specific) per each assembly     

Top-down approach  

Step 3- Define building constituent 

element (material, product, or process) 

per each sub-assembly     



Life Cycle Inventory (LCI) Model (2) 

Step 1 Assembly: e.g. Baseline (P-P)   

Building Envelope: Precast concrete (P)   

Building Structure: Precast concrete (P) 

Step 2 Specific sub-assemblies  

1. Footings and exterior wall foundation (for concrete structures) 

2. Precast concrete (conventional panel)  

3. Windows (not curtain wall)  

4. Precast concrete beams and columns  

5. Hollow-core floors  

6. Elevator and stairwell walls (all concrete buildings)  

Basic sub-assemblies 

1. Interior partition walls;  

2. Slab on ground;  

3. Steel stairs with concrete topping;  

4. Roof waterproofing system; and  

5. On-site construction processes.  



Life Cycle Inventory (LCI) Model (3) 

Step 3.1- Specific sub-assemblies for 

P-P Baseline Assembly 

Constituent elements 

(products/processes/materials) 

1. Footings and exterior wall foundation 

(for concrete structures) 

Concrete;  

Reinforcing steel  

2. Precast concrete (conventional panel)  Precast panel 

Insulation (climate dependent)  

Steel Studs 

Gypsum bard 

Backer rod 

Sealant 

Water repellent exterior coating  

Latex primer and paint 

3. Windows (not curtain wall)  Aluminum extrusions; Glass (low-e coating) 

Sealant and gaskets; Steel fasteners and anchors 

4. Precast concrete beams and columns  Beams; Columns; Fasteners/anchors 

5. Hollow-core floors  Hollow-core floors, 200 mm, includes steel;  

Topping slab, 50 mm; Shrinkage control steel 

6. Elevator and stairwell walls (all 

concrete buildings)  

Concrete; Reinforcing steel  

 



Life Cycle Inventory (LCI) Model (4) 

Step 3.2- Basic sub-assemblies Constituent elements 

(products/processes/materials) 

1. Interior partition walls  

(same for all structural systems) 

Steel studs 

Gypsum board 

Paint  

2. Slab on ground  Concrete 

Reinforcing steel 

Under slab vapor retarder 

Extruded polystyrene insulation (Toronto only)  

3. Steel stairs with concrete topping Concrete 

Reinforcing steel  

4. Roof waterproofing system Vapor retarder 

Rigid insulation 

Cover board 

Base ply membrane 

Cap ply membrane  

5. On-site processes  All on-site construction processes  



Allocation rules for Steel and Al products (1)  

This project is using peer-reviewed LCI data on primary and secondary steel and aluminum production- 

Source: World Steel Association 2008 data and publications.  

 

Source: World Steel Association. 2008.  

A 98% and 70% recycling rate respectively for 

structural and reinforcement steel products is 

applied as per US SRI 2011 data, for the 

reference year 2009.   

Close-loop 

recycling 

approach  



Allocation rules for Steel and Al products (2)  

This project is using peer-reviewed LCI data on primary and secondary steel and aluminum production- 

Source: International Aluminum Institute (IAI 2005) and European Aluminum Association (EAA) 2008 data 

and publications.  

A 95% recovery rate is 

applied for aluminum 

products used in North 

American construction 

sector as per IAI 2006 

publication.   

Description of the primary and secondary 

aluminum production.  

Source: EAA 2008  

Close-loop 

recycling 

approach  



Allocation rules for Precast Concrete and 
Cast-in-Place products (3)  

Close-loop recycling approach has been used to address the small amounts of on-site 

generated concrete material (the so-called ñwasteò), which is 100% crushed and avoids the 

coarse aggregate extraction and transportation at the plant gate.  

 

The environmental load of the precast concrete and cast-in-place products is calculated by 

applying the following formula:  

  

P = A + I ï D  
  

where,  

 P = environmental load of the precast concrete/cast-in-place products; 

 A = environmental load of the ñprecast concrete/cast-in-place manufacturing process; 

 I = environmental load of the ñcrushingò process for the concrete ñwasteò;  

 D = environmental load of the ñcoarse aggregate extraction and transportationò.  

 

 



Life Cycle Impact Assessment (LCIA) results 

Å  LCIA Calculation Procedure 

Å  Precast Products Cradle-to-Gate LCIA Results 

Å  Cast-in-Place Products Cradle-to-Gate LCIA Results  

Å  Baseline Building LCIA Results  

Å  LCIA Results for All Buildings 

Å  Operating Energy (Occupancy Stage) LCIA Results  



LCIA Calculation Procedure 

where, 

GWBaseline   total global warming (GW) of the baseline building assembly (in kg CO2 eq); 

GWS1, S2, é S6  total GW of the constituent specific sub-assemblies S1 to S6- (in kg CO2 eq); 

GWB1, B2, éB5   total GW of the constituent basic sub-assemblies B1 to B5- (in kg CO2 eq).  

where,  

GWSub-assembly  total GW of the sub-assembly (in kg CO2 eq); 

GWCE1, CE2,éCEn total GW of the constituent element CE1 to CEn (in kg CO2 eq);  

n   total number of the constituent elements (materials, products or processes);  

5B2B1B6S2S1SBaseline GW...GWGWGW...GWGWGW

CEn2CE1CEassemblySub GW...GWGWGW

GWCE   total GW of the constituent element (in kg CO2 eq); 

GWP100, i   global warming potential for substance i integrated over 100 years;  

mi   the quantity of substance i emitted per material, product, or process.  

Similar calculations are conducted with SimaPro Software to calculate  

the full LCIA profile of all building assemblies  
 

i
i

i,100CE mGWPGW



LCIA results- Precast Products 

Cradle-to-Gate LCIA Results* for Two Precast Product Groupings [per m3] - Canada 

*Includes steel reinforcement. 

Note: HH = human health; SWHG = solar, wind, hydro and geothermal. 



Cradle-to-grave LCIA results- Baseline 
Building- All stages (1) 

Whole-Building LCIA Results for P-P Toronto 60 yrs (baseline) ï Absolute Basis 



Cradle-to-grave LCIA results- Baseline 
Building- All stages (2) 
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Cradle-to-construction LCIA results- 
Baseline Building- Manufacturing stage (1) 

Manufacturing Stage LCIA Results for P-P Toronto 60 yrs (baseline) ï Absolute Basis  



Cradle-to-construction LCIA results- 
Baseline Building- Manufacturing stage (2) 
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Occupancy phase LCIA results- 
Baseline Building- Operating energy (1) 

Operating energy use LCIA results for P-P Toronto 60 yrs (baseline).  
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Occupancy phase LCIA results- 
Baseline Building- Operating energy (2) 

Operating energy use LCIA results by end-use for P-P Toronto 60 yrs (baseline).  
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LCIA results- Baseline Building- EOL 

End-of-life LCIA results for P-P Toronto 60 yrs (baseline)- absolute basis 



LCIA results- All Buildings- GWP-Toronto 
All scenarios LCIA results: Global Warming and ranked from lowest (1) to highest (15).  

60 years- Of the top 5 performers  in Toronto for lowest GWP impact, all are precast wall envelopes and three 

have concrete structure.  

73 years- Of the top 5 performers  in Toronto for lowest GWP impact, four are precast wall envelopes and four 

have concrete structure. 
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LCIA results- All Buildings-GWP-Vancouver  
All scenarios LCIA results: Global Warming and ranked from lowest (1) to highest (15).  

60 & 73 years- Of the top 5 performers in Vancouver for lowest GWP impact, three have precast wall envelopes, 

one is curtain wall and one is brick with steel stud envelope.  
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LCIA results- All Buildings-TPE-Toronto  
All scenarios LCIA results: Total Primary Energy and ranked from lowest (1) to highest (15).  
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60 & 73 years- Of the top 5 performers in Toronto for lowest TPE impact, the top three performers are precast 

envelope with concrete structure and two are curtain wall, and brick and steel stud, both with concrete structure.  
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LCIA results- All Buildings-TPE-Vancouver   
All scenarios LCIA results: Total Primary Energy and ranked from lowest (1) to highest (15).  
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60 & 73 years- Of the top 5 performers in Vancouver for lowest TPE impact, the top three performers are precast 

envelope with concrete structure and two are curtain wall, and brick and steel stud,with concrete structure.  
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LCIA results- All Buildings by LC stage- GWP 
All scenarios LCIA results by life cycle stage for global warming potential (kg CO2 eq.) 

Toronto- For all building types, Operating Energy represents (89% to 93%) of the GWP impact;  

Vancouver- For all building types, Operating Energy represents  (50% to 62%) of the GWP impact. 
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LCIA results- All Buildings by LC stage- TPE 
All scenarios LCIA results by life-cycle stage for total primary energy (MJ). 

Toronto- For all building types, Operating Energy represents (96% to 97%) of the TPE impact;  

Vancouver- For all building types, Operating Energy represents  (89% to 92%) of the TPE impact. 
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LCIA results- All Buildings- Operating energy- GWP  
All scenarios LCIA results for GWP due to operating energy (kg CO2 eq.) and ranked from lowest (1) to highest (15) 

Toronto- Of the top 5 performers in terms of operating energy, for lowest GWP impact, all are precast envelopes 

with concrete or precast structure.  

Vancouver- Of the top 5 performers in terms of operating energy, for lowest GWP impact, four are precast 

concrete with concrete or precast structure, and one is curtain wall with concrete structure.  
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LCIA results- All Buildings- Operating energy- TPE 
All scenarios LCIA results for TPE (MJ) due to operating energy and ranked from lowest (1) to highest (15).  

Toronto & Vancouver- Of the 5 five performers in terms of operating energy for lowest TPE impact, four are  

precast envelopes with concrete or precast structure, and one is brick with steel stud on concrete structure.   
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Interpretation phase (IP)  

Å    Process Contribution Analysis 

Å    Influence Analysis for Precast Products 

Å    Sensitivity Analysis on Portland Cement Content 

Å    Sensitivity Analysis on Thermal Performance of Exterior Walls 

Å    Sensitivity Analysis on Recycling  



IP- Process Contribution Analysis (1) 
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RPC - hollow core - TOR - cradle-to-gate RPC - CAN - raw materials extraction

RPC - TOR - raw materials transport. RPC - TOR - manufacturing
CAN - gate-to-gate (precast) transport. Fly ash - CAN - gate-to-gate (precast) transport.

Fine agg. - CAN - raw materials extraction Aggregate - CAN - gate-to-gate (precast) transport.
Coarse agg. - CAN - raw materials extraction Aggregate - CAN - gate-to-gate (precast) transport.

Admixture - CAN - cradle-to-gate admixture Admixture - CAN - gate-to-gate (precast) transport.
Reinforcement - cradle-to-gate Steel plate - cradle-to-gate

Reinforcement - CAN - gate-to-gate (precast) transport. Concrete - TOR - precast concrete plant ops.

Cradle-to-gate LCIA contribution analyses of major materials and processes for  

m3 of precast concrete hollow-core slab (Toronto profile) ï includes steel reinforcement.  



IP- Process Contribution Analysis (2) 

Cradle-to-gate LCIA contribution analyses of major materials and processes for m3 of precast 

concrete wall panel, column and beam product grouping (Toronto profile) ï includes steel 

reinforcement. 

0

20

40

60

80

100

G
lo

ba
l w

ar
m

in
g

A
ci
di
fic

at
io
n

R
es

pi
ra

to
ry

 e
ffe

ct
s

E
ut

ro
ph

ic
at

io
n

P
ho

to
ch

em
. s

m
og

S
ol
id

 w
as

te

W
at

er
 u

se

A
bi
ot

ic
 re

so
ur

ce
 d

ep
l.

O
zo

ne
 d

ep
le
tio

n

To
ta

l p
rim

ar
y 
en

er
gy

N
on

-r
en

ew
., 

fo
ss

il

N
on

-r
en

ew
., 

nu
cl
ea

r

R
en

ew
. (

S
W

H
G
)

R
en

ew
., 

bi
om

as
s

RPC - precast wall panel, columns, beams - TOR - cradle-to-gateRPC - CAN - raw materials extraction

RPC - TOR - raw materials transport. RPC - TOR - manufacturing

CAN - gate-to-gate (precast) transport. Fly Ash - CAN - gate-to-gate (precast) transport.

Fine agg. - CAN - raw materials extraction Aggregate - CAN - gate-to-gate (precast) transport.

Coarse agg. - CAN - raw materials extraction Aggregate - CAN - gate-to-gate (precast) transport.

Admixture - CAN - cradle-to-gate admixture Admixture - CAN - gate-to-gate (precast) transport.

Reinforcement - cradle-to-gate Steel plate - cradle-to-gate

Reinforcement - CAN - gate-to-gate (precast) transport. Concrete - TOR - precast concrete plant ops.



IP- Influence Analysis for Precast Products 



IP- Sensitivity Analysis on Portland 
Cement Content (1) 

Based on in-depth research of the available publications in Portland Limestone Cement field 

[Thomas, M. et al 2010, CAC 2009a, CAC 2009b, CSA A3001-08, PCA 2003, PCA 2002] and 

personal communications with Canadian cement industry experts, the following assumptions 

are applied for the LCI modeling of general use portland limestone cement (GU PLC):  

  

Å        The composition of GU PLC is 5% gypsum, 12% limestone, 83% clinker.  
 

Å        As permitted by CSA A3001-08, one-to-one replacement basis of regular portland  

          cement (RPC) with PLC is applied (see Slide 23);  
 

        Water-cementitious materials ratio remains unchanged (see Slide 23); 

  

        Percent cement substitution with SCM remains unchanged (see Slide 23).  

 

Å         Density of concrete profiles remains unchanged (see Slide 23).  



IP- Sensitivity Analysis on Portland 
Cement Content (2) 

Comparison of Regular Portland Cement and Portland Limestone Cementï 1 kg 


