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THE WORLD’S GATHERING PLACE FOR ADVANCING CONCRETE

As the knowledge, testing and experience of using synthetic macrofiber reinforced
concrete continues to grow for use in infrastructure projects, their successful use and
benefits are now being realized through full scale and long term demonstration
projects. However, many prospective engineers, architectural firms and clients are now
requesting additional information as to the environmental impacts of using fibers in
replacement of traditional reinforcement or as an added material in concrete to
improve durability and useful service life.
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Sustainable Development

The term sustainability is broadly used to indicate programs, initiatives 
and actions aimed at the preservation of a particular resource. However, 
it actually refers to four distinct areas: human, social, economic and 
environmental – known as the four pillars of sustainability
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Building a more sustainable world

Capital investment of new infrastructure systems is environmentally and economically 
intensive.  Today, governments are challenged to plan, build, and operate "sustainable" 
systems that – in addition to achieving the important goals of safety – support a variety 
of asset management, environmental stewardship, climate mitigation/adaptation, and 
resilient infrastructure objectives. 

Synthetic macrofiber composites can be used to replace steel reinforcement or in 
conjunction with steel reinforcement to increase durability and extend service 
life. The contribution to sustainable construction through lowered environmental, 
social, and economic impacts is currently being documented. 
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Concrete as a Building Material

CONCRETE is already one of the most sustainable building 
material, compared to timber, steel, asphalt, etc: 

• Lower embodied energy

• Using local materials

• Better life cycle / durability 

• Thermal mass and energy efficiency 

• Light reflectivity 

• Minimized waste

• Customized properties 

We can do even more with the use of fiber-reinforced concrete
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The Future of FRC and ‘Green’ Construction

Fiber Reinforced Concrete (FRC) technology has advanced significantly over the past two decades:

• definitions for micro and macro fibers
• calculations for equivalent reinforcing options to conventional steel
• industry acceptance (UL, SDI, ACI, etc.)
• structural designs and software tools
• multi-million dollar research programs
• high profile projects and applications

Many prospective clients and engineers are now asking:

“What are the environmental impacts and/or benefits of using FRC for concrete construction?”
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The Journey to Sustainability with Fiber

• 25% of our existing infrastructure will be repaired or replaced between 2005-2030
• ~40% US emissions from building activities over lifetime
• One of largest contributors is concrete
• Decrease emissions by improving efficiency and innovating material substitutions

• Companies now developing Environmental Product Declarations for fibers
• Builds on the Carbon Footprint presentation from 2018 Las Vegas
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CO2 and Sustainability

• Previously developed work to calculate the GHG emissions reduction when 
comparing conventional steel to fiber for floor construction.  

• Showed that macrofiber can reduce GHG of reinforcing by over 50%.

There is again renewed interest in reduction of carbon 
footprint and sustainable construction – coming from major 
companies and governments

There is no independent “Product Category Rule” for the 
development of an EPD on fibers at this time. There is 
discussion occurring at NRMCA and other organizations
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Local Expectations and Decisions

• Sometimes, the cost of adding fibers can appear as a detriment to the overall project, but….

• Would longer service life or faster and safer construction provide enough savings to offset the use of 
fibers and provide future resiliency?

• Construction speed will be increased with less concrete and FRC
• Value needs to be worked out through contractor and RM producer

• Long term savings are not included (but should be!)
• Less spalling and joint maintenance
• Drying shrinkage crack control
• Improved permeability, abrasion and impact resistance
• Ductility and fatigue resistance
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Service Life Increase

- In the conventional mix design, it was assumed that the 
concrete cover is fully removed and replaced by the same 
concrete made with similar mix design while the FRC scenario 
does not have any repair actions during the 50-year analysis 
period; Cover assumption: 3 in. (75 mm)

Embodied Carbon Emissions of Bridge 
Deck with Conventional Concrete and FRC 
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Environmental Product Declaration (EPD)

An Environmental Product Declaration (EPD) is defined by International Organization for Standardization 
14025 as a Type III declaration that "quantifies environmental information on the life cycle of a product 
to enable comparisons between products fulfilling the same function”.
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Environmental Product Declarations

• Multiple steps to complete an EPD.
• Product Category Rules must be defined.
• There presently is not a PCR for fiber used in 

concrete.
- growing list of companies with fiber EPD’s though

• Use of PCR EN 15804 (Sustainability Of Construction 
Works - Environmental Product Declarations - Core Rules 
For The Product Category Of Construction Products) and 
ISO 14025  

• An LCA evaluates many parameters usually over a one-
year time period.
• Energy, water, waste, etc.

Product Category Rules (PCR)
• Defines the product category
• Establishes data collection  type, boundaries 

and procedures via LCA
• Establishes reporting thresholds
• Requires open consultation of external 

stakeholders
• Register PCR through Program Operator

Conduct a Lifecycle Assessment (LCA)
• Evaluate impacts through cradle to gate life 

cycle assessment
• Follow requirements set by PCR and ISO 14040
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Fiber EPD Development

• After the collection of the data and format into ISO 
protocol, the data is third-party reviewed.

• Environmental impacts are taken from databases 
following ISO rules

- Data collection necessary for fiber EPD (A1 through A3).
- Customer will define transportation to ready mix plant 
or job site - already in our fiber calculator

Verify LCA
• Conduct a review of LCA by third party
• Verify assumptions and conformance to PCR

Create Environmental Product Declaration (EPD)
• Translate the LCA data into 

environmental impacts
• Follow ISO
• Include company and product information
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Environmental Product Declarations cont.

• Quantified life cycle environmental 
performance

• NOT a claim of environmental superiority

• A fair way to compare products

Third Party Example Concrete EPD  - NRMCA

• Industry Average EPDs provide only ½ point in LEED

• Product Specific EPDs can provide 1 point in LEED

Verify EPD
• Conduct a comprehensive audit of the 

EPD by a third party

Register EPD
• Publish EPD in public repository
• Maintain EPD updates at scheduled 

intervals or due to significant changes
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LCA and Data Collection 

Necessary Data to develop LCA

• 12 month “actual data”

• All inbound raw materials tracked

• Total poundage of all fibers produced

• Electricity, water and gas usage

• Safety records and waste material

• Pallets, plastic and other consumable materials
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Verified EPD’s

• Consultant prepared LCA
• Third Party verified (NRMCA)
• Cradle to Gate production

• Data provided by production facility 
(Type III - not industry generic)

• Separate for micro and macrofibers
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Comparisons to other products

Other companies are now producing EPD’s through 
various parties including ASTM, NRMCA, NSF, etc.
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Important Notes and Discussion Points

Notes:
GWP is dimensionless units – kg/kg or lbs/lbs
Comparative data is now available 

• We can now quantify the savings in GWP of 
using fiber versus steel

• Discuss less cracking, cost equivalencies and 
safer construction sites

• Specifications, especially government funded 
projects, will soon require EPD’s for product 
submissions
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Example total EPD for FRC

GWP Values:

• Macrofiber “A”

• 3.1 kg CO2e/kg

• Steel rebar

• 0.85 kg CO2e/kg

• Concrete

• 4500 psi mix, 20% FA

• 401 kg CO2e/m3
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Case Study Calculations

250,000 sq ft floor
8” thick

Specified Reinforcement:
#4 bar @ 12” c.c. mid depth (t&s)

Concrete f’c = 4500 psi

Volume = 6173 yd3 of concrete

1,884,836 kgGWP Concrete
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Do the math…….

132,702 kgGWP Steel

Macrofiber dosage to match = 5 pcy

TOTAL Fiber Req’d = 30,864 lbs

43,131 kgGWP Fiber
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Comparisons

Fiber 43131 kg
Steel 132702 kg

67% reduction in switching reinforcement options!

Note that these values do not include any site 
transport of reinforcing materials but fiber 
would already be included with delivery of the 
concrete while the 344,000 lbs of steel would 
need to arrive separately and require additional 
handling, storage and fabrication.
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More details…..

concrete plus steel 2,022,251 kg CO2
concrete plus fiber 1,932,680kg CO2

reduction in GWP by material 
substitution from steel to fiber 4.4% +

STEEL COSTS

raw material 850$/ton

installation 650$/ton

TOTAL 1500$/ton

Cost of Steel $  258,066.48 

Cost of steel per area $              1.03 $/ft2

FIBER COSTS

Cost of Fiber* $              5.00 $/lb

Total cost of fiber $  154,320.99 

Cost of fiber per area $              0.62 $/ft2

Based on 2023 costs for materials – substantial savings in  real $$
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Faster, Cheaper, Cleaner, Greener

No steel to deliver, 
cut, chair, install and 
inspect

Site impacts are 
reduced with less 
labor required and 
less material 
delivered needing 
storage

Quantifiable savings in 
CO2 reduction and 
improvement in life 
cycle service life

With current steel 
prices plus install, 
fiber represents 
significant savings
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What else is out there?

Over the past several years, there has been a renewed interest in the use of fiber reinforcement in 
concrete pavements for parking lots, white toppings, bridge decks and roadways. Various technical 
organizations such as the American Concrete Institute, American Concrete Pavement Association and 
the National Concrete Pavement Technology Center have developed new guidance and 
recommendations on how to properly select and use fiber types in concrete with new information 
available on long term serviceability and sustainable attributes available.
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Conclusions

The use of concrete reinforcing fibers have been found to reduce CO2 emissions by more than 50% 
compared to the corresponding steel reinforcing bars for the reinforcing portion of typical industrial 
floors and pavements.

Large reductions of CO2eq are feasible by using fiber in place of steel reinforcing bars due to the 
large volume of reinforced concrete floors used worldwide

Other materials, such as chemical admixtures, advanced cements and supplemental cementitious 
materials can demonstrate additional significant reductions in overall upfront GWP values.

Sustainable Infrastructure Design can be accomplished using FRC which will significantly extend 
service life and offer much lower predictable operational energy.
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In the end….

Concrete can be (and already is) green too.
The use of improved concrete mix designs, advancements in shrinkage
technologies and fiber reinforcement can contribute to improving
service life, durability and resilience while also contributing to the
reduction of overall greenhouse gas emissions, or carbon footprint.

Thank you for your attention
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