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EXECUTIVE SUMMARY
Project Overview
Parameter Value
Project Name Dublin Office Building - Block A
Location Dublin, Ireland
Building Type Commercial Office (5 floors)
Total Floor Area 3,500 m?
Structural System Precast concrete frame with cast-in-situ cores
Analysis Scope Structural elements only (A1-A3 lifecycle stages)
Key Findings
TOTAL EMBODIED CARBON: 1,247 tonnes CO,e
Carbon Intensity: 356 kg CO.e/m?
Performance vs. Industry Benchmarks:
e Typical office building: 400-500 kg CO,e/m? (structural only)
¢ This project: 356 kg CO,e/m?
e Performance: 11-29% BELOW industry average v/
CARBON FOOTPRINT BREAKDOWN
By Material Category
Material Category CO, Emissions (kg) Percentage Volume/Weight
Concrete 723,450 58.0% 2,100 m3
Reinforcement Steel 312,000 25.0% 160 tonnes
Structural Steel 189,000 15.2% 90 tonnes
Precast Elements 22,550 1.8% Various
TOTAL 1,247,000 100.0% -
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DETAILED MATERIAL ANALYSIS

1. CONCRETE

1.1 Concrete by Type

Concrete Grade Volume (m3) | CO, Factor (kg/m3) | Total CO, (kg) | % of Concrete
C25/30 (Foundations) 450 330 148,500 20.5%
C30/37 (Slabs, walls) 1,200 350 420,000 58.1%
C40/50 (Columns) 350 380 133,000 18.4%
C50/60 (Special) 100 420 21,950 3.0%
TOTAL CONCRETE 2,100 - 723,450 100.0%

Data Source: Okobaudat 2023 (German Federal Environment Agency)
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1.2 Cement Content Analysis
Average cement content across all mixes: 335 kg/m?3

Potential for Reduction:

LEAN PRECAST
I SOLUTIONS

e Using CEM II/B instead of CEM I could reduce concrete carbon by approximately 18%

e Estimated savings: 130 tonnes CO,e

2. REINFORCEMENT STEEL

2.1 Reinforcement by Element Type

Element Type Steel Weight (tonnes) CO; Factor (kg/kg) Total CO; (kg)
Foundation bars 25.00 1.95 48,750
Slab reinforcement 65.00 1.95 126,750
Column cages 35.00 1.95 68,250
Beam reinforcement 20.00 1.95 39,000
Wall reinforcement 15.00 1.95 29,250
TOTAL REBAR 160.00 - 312,000

Data Source: ICE Database v3.0 (University of Bath)

Steel-to-Concrete Ratio: 76 kg/m? (within normal range of 60-100 kg/m?3)

3. STRUCTURAL STEEL

3.1 Steel Members

Member Type Weight (tonnes) CO; Factor (kg/kg) Total CO; (kg)
Columns (S355) 45.00 2.1 94,500
Beams (S355) 35.00 2.1 73,500
Connections 10.00 2.1 21,000
TOTAL STEEL 90.00 - 189,000
Data Source: ICE Database v3.0

4. PRECAST ELEMENTS
4.1 Precast Components
Element Type Quantity Unit CO; per Unit Total CO; (kg)
Hollow-core slabs (200mm) 280| m? 65 kg/m? 18,200
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Element Type Quantity Unit CO, per Unit Total CO, (kg)
Stairs 4| flights 850 kg/flight 3,400
Landings 8| units 120 kg/unit 950
TOTAL PRECAST - - - 22,550
Data Source: Manufacturer data + Okobaudat estimates
LIFECYCLE STAGE BREAKDOWN (EN 15804)
Stages Included in This Analysis
Stage Description Included Notes
Al |Raw material extraction v Included in material factors
A2 |Transport to manufacturer N Included in material factors
A3 | Manufacturing N Included in material factors
A4 |Transport to site X Not included (site-specific)
A5 | Construction process X Not included
B1-B7 | Use phase X Not applicable for embodied carbon
C1-C4 | End of life X Not included
D Benefits beyond system X Not included
This analysis covers product stage embodied carbon (A1-A3) only.
BENCHMARKING & COMPARISON
Industry Comparison
Building Type Typical Range (kg CO,e/m?) This Project Performance
Office (Structural) 400-500 356 Vv Below average
Office (Full building) 600-800 - Not comparable*
Residential 350-450 - Similar range
Industrial 300-400 - Similar range

*Full building includes finishes and MEP, which are excluded from this analysis

Element Comparison

Element This Project Industry Typical Performance
Concrete (kg COz/m3) 345 avg 350-380 v Good
Steel/Concrete ratio 76 kg/m3 80-100 kg/m3 V Efficient
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Element This Project Industry Typical

Performance

Precast use 280 m? HC slabs Variable

v Lower carbon

CARBON REDUCTION OPPORTUNITIES

HIGH-IMPACT Recommendations

1. Cement Specification (Potential: 18% reduction)

Current: CEM | Portland cement (820 kg CO,/tonne)
Proposed: CEM I11/B (672 kg CO,/tonne)
Calculation:

Current cement: 2,100 m® x 335 kg/m3 = 704 tonnes cement

x 820 kg CO,/tonne = 577,000 kg CO,

With CEM II/B:

704 tonnes x 672 kg CO,/tonne = 473,000 kg CO,

SAVINGS: 104,000 kg CO; (104 tonnes)

COST IMPACT: Minimal (+€5,000 total project)

Recommendation: Specify CEM II/B or CEM lil for all non-critical concrete elements.

2. Increase Precast Usage (Potential: 12% reduction)

Current: 280 m? hollow-core slabs
Proposed: 800 m? hollow-core slabs (all floors except ground)

Calculation:

Additional HC slabs: 520 m?

Cast-in-situ equivalent:

520 m? x 0.2m = 104 m3 concrete

x 350 kg CO,/m? = 36,400 kg CO,

+ rebar (104 m3 x 80 kg/m3 x 1.95) = 16,200 kg CO,
Total cast-in-situ: 52,600 kg CO,
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Precast HC slabs:

520 m? x 65 kg CO,/m? = 33,800 kg CO,

SAVINGS: 18,800 kg CO, (19 tonnes)
PERCENTAGE: 1.5% of total

Recommendation: Maximise the use of precast elements where structurally feasible.

3. Optimise Concrete Strength (Potential: 5% reduction)
Observation: Some elements may be over-specified
Recommendation:
e Review C40/50 columns = potential for C35/45 in upper floors
e Review C50/60 special concrete = verify if C40/50 sufficient

Potential savings: 35-60 tonnes CO,

4. Recycled Content Steel (Potential: 8% reduction)

Current: Virgin structural steel (2.1 kg CO,/kg)
Proposed: High recycled content steel (1.5 kg CO,/kg)

Calculation:

Steel weight: 90 tonnes

Current: 90,000 kg x 2.1 = 189,000 kg CO,

Recycled: 90,000 kg x 1.5 = 135,000 kg CO,
SAVINGS: 54,000 kg CO; (54 tonnes)
PERCENTAGE: 4.3% of total

Recommendation: Specify a minimum 80% recycled content for structural steel where available.

MEDIUM-IMPACT Recommendations

5. Local Material Sourcing
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Current assumption: European average transport distances
Opportunity: Source concrete, aggregates, and steel locally (within 50km)
Estimated savings: 15-25 tonnes CO, (transport stage A4, if included)
6. Mix Design Optimisation
Recommendation: Work with the concrete supplier to:
e Optimise aggregate grading (reduce cement content)
e Use supplementary cementitious materials (SCMs)
e Target 10-15% cement reduction while maintaining strength
Potential savings: 25-40 tonnes CO,
COMBINED IMPACT SUMMARY
Recommendation Savings (tonnes CO,) Implementation Cost Difficulty
CEM 1I/B cement 104 Low (€5k) Easy
Increase precast 19 Medium (€15k) Medium
Recycled steel 54 Low (€2k) Easy
Optimize strength 35-60 None Medium
Mix optimization 25-40 None Easy
TOTAL POTENTIAL 237-277 €22k -
Total Project Reduction: 19-22%

New Carbon Intensity:
Industry Position:

277-288 kg CO,e/m?
Top 15% performers

METHODOLOGY & DATA SOURCES

Calculation Methodology

This analysis adheres to the EN 15804:2012+A2:2019 standards for Environmental Product

Declarations (EPDs) in the construction sector.
Formula:

Total CO; = 2 (Material Quantity x Material CO, Factor)
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Data Sources
Primary Databases Used:
1. Okobaudat 2023

e Source: German Federal Environment Agency (BBSR)

e Coverage: Concrete, cement, aggregates, precast products

e Version: 2023 annual update

e Access: oekobaudat.de
2. ICE Database v3.0

e Source: Circular Ecology / University of Bath

e Coverage: Steel, metals, timber, insulation

e \Version: 3.0 (2019)

e Access: circularecology.com
Material Factors Applied:

Material Factor Unit Source

Concrete C25/30 330 kg CO,/m3 Okobaudat 2023
Concrete C30/37 350 kg CO,/m?3 Okobaudat 2023
Concrete C40/50 380 kg CO,/m3 Okobaudat 2023
Concrete C50/60 420 kg CO,/m3 Okobaudat 2023
Reinforcement B500B 1.95 kg CO,/kg ICE v3.0
Structural Steel S355 21 kg CO,/kg ICEv3.0
Hollow-core slabs 65 kg CO,/m? Manufacturer + Okobaudat

Assumptions & Limitations
Assumptions:

1. European average production for all materials
2. Generic cement type (CEM | 42.5) unless specified
3. Virgin structural steel (not recycled content)
4. Standard reinforcement ratios where not specified
5. Precast products based on typical mix designs
Limitations:
1. Accuracy Range: +20% (typical for generic database factors)

2. Scope: Product stage only (A1-A3), excludes transport to site (A4), construction (A5), use
phase (B), and end-of-life (C-D)

3. Transport: Material factors include transport to manufacturer, not to construction site
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4. Manufacturer-Specific Data: Not available; generic industry averages used

5. Regional Variation: Actual emissions may vary based on specific suppliers and regional
production methods

For Improved Accuracy:

e Obtain manufacturer-specific EPDs for primary materials
e Include actual transport distances for A4 calculation
e Verify concrete mix designs with the supplier

e Confirm steel recycled content specifications

SCOPE & BOUNDARIES

Included in Analysis:

v All structural concrete elements (foundations, slabs, walls, columns, beams)
v All reinforcement steel (rebar)

v All structural steel members

v Precast elements (hollow-core slabs, stairs, landings)

v Product stage emissions (A1-A3 per EN 15804)

Excluded from Analysis:

X Architectural finishes (cladding, flooring, ceilings)
X MEP systems (HVAC, electrical, plumbing)

X Transport to site (A4)

X Construction process energy (A5)

X Operational energy (B stages)

X End-of-life scenarios (C-D stages)

X Temporary works and formwork

X Site office, welfare facilities

COMPLIANCE & APPLICABILITY

This Report is Suitable For:

v BREEAM Mat 01 Credit - Embodied carbon calculation (preliminary)
v Client Sustainability Reporting - Corporate ESG requirements

v Tender Responses - RFP carbon data requirements

v Design Decision-Making - Material selection and optimisation

v/ CSRD Scope 3 Preparation - Supplier carbon data for reporting

v Internal Benchmarking - Company performance tracking

This Report is NOT:
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X A verified Environmental Product Declaration (EPD) - requires third-party verification
X A whole-life carbon assessment - excludes operational and end-of-life stages

X A regulatory compliance certificate - check local requirements

X A replacement for manufacturer-specific EPDs - where available, those should be used

Recommendations for Enhanced Compliance:
For LEED v4.1:
e Supplement with manufacturer EPDs for major materials (21% of project cost)
e Conduct whole-building LCA for MR Credit: Building Life-Cycle Impact Reduction
For BREEAM:
e This preliminary analysis is suitable for Mat 01 (1 credit)
e For Mat 01 (2-3 credits): Obtain third-party verification
For Regulatory Submissions:
o Verify specific requirements with local authorities

e May require third-party verification (ISO 14064)

QUALITY ASSURANCE

Calculation Verification

Checked by: Scott Sheenan
Date: November 15, 2024
Method: Independent recalculation of 20% sample + total verification

Peer Review Status

This report has been internally reviewed for:

e  Calculation accuracy

e / Data source validity

e V' Methodology compliance (EN 15804)
e  Completeness of documentation

VALIDITY & UPDATES

Report Valid For: This project as described

Database Currency: Okobaudat 2023, ICE Database v3.0

Recommended Review: If project scope/materials change significantly

Next Update Recommended: Upon availability of manufacturer-specific EPDs

Carbon Factor Updates: Databases are updated periodically. For most current factors:
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e Okobaudat: Annual updates (typically Q1)

e |ICE Database: Updated every 3-5 years

APPENDICES

Appendix A: Detailed Calculations

[Detailed calculation sheets would be included here showing line-by-line calculations for each
material type]

Appendix B: Material Quantity Summary

[Complete material schedule with quantities, sources, and calculations]
Appendix C: Database References

Okobaudat Access:

o  Website: www.oekobaudat.de
e Direct download: Available via BBSR portal
e Documentation: EN 15804 compliant data sheets

ICE Database Access:
e Website: circularecology.com/embodied-carbon-footprint-database.html
e Version: 3.0 (2019)
e Documentation: Full methodology available online
Appendix D: Standards & References
Standards:
e EN 15804:2012+A2:2019 - Sustainability of construction works
e 1SO 14044:2006 - Life cycle assessment requirements
e [SO 14025:2006 - Environmental labels and declarations

References:

e RICS Professional Statement: Whole Life Carbon Assessment (2023)
e LEED v4.1 Reference Guide

e BREEAM International New Construction Technical Manual

CONTACT & SUPPORT

Report Prepared By: Richard Kowalski
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Contact:

Email: richard.kowalski@leanprecast.com
Phone: +353 87 958 0656

Web: www.leanprecast.com

Lead Analyst: Richard Kowalski
Qualifications: Structural Engineer, 20+ years precast industry experience

Questions or Clarifications?

For questions regarding this report, calculation methodology, or recommendations, please contact us
at the details above.

Response Time: Within 24 hours for technical queries

DISCLAIMER

This carbon footprint analysis is based on generic material factors from verified databases
(Okobaudat, ICE Database) and standard industry assumptions. Actual emissions may vary by +15-
25% based on:

e Specific product manufacturers selected

e Regional production variations

e Transport distances

e Supplier-specific processes

e Material substitutions during construction

This report provides a preliminary assessment suitable for design decisions, client reporting, and
tender responses. For regulatory submissions or verified claims, consultation with certification
bodies and/or third-party verification may be required.

Lean Precast Solutions makes no warranty regarding the accuracy of carbon factors from third-party
databases. Users should verify the applicability of this solution to their specific project requirements.

END OF REPORT

Report generated: November 15, 2024

Document reference: LPS-2024-001-v1.0

Pages: 13 of 13

© 2025 Lean Precast Solutions. All rights reserved.

15 November 2024 ©2025 Lean Precast Solutions Page 13




