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Sustainability

“Sustainable development meets 
the needs of the present without

compromising the ability of 
future generations to meet their 

own needs.”

Environmental – Social - Economical

United Nations, 1987 - Brundtland Commission
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Leadership for a sustainable culture
(Eng. Darío Ibarguengoitia)

n It is not a luxury design and build with 
sustainable bases, but it is a commitment from 
which we cannot run away.

n “Now more than ever sustainability cannot be 
conceived if not through a holistic, integrated 
design, which means a very close collaboration 
between architects and engineers, listen to 
everyone.”
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International 
Documents
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ACI CONCRETE SUSTAINABILITY FORUM VII
Washington DC. October 29, 2014

The preparation of ACI 130R "Guideline to 
Concrete Sustainability" was discussed, 

sustainability requirements and fib Model Code 
for Concrete Structures, new materials for low-

carbon cement and concrete systems, 
innovations in the cement industry for the 

purpose of reducing carbon emissions, 
sustainable paving program
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It is expected that the concrete construction industry 
contribute to realizing a sustainable society by 

establishing one design and construction procedures with 
environmentally correct development of the needed 

technologies.

Environmental Design of Concrete 
Structures – general principles

TASK GROUP 3.6, Lausanne: fib, 2008. (Bulletin 47).
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n This report provides general principles and necessary 
considerations conferred on the environmental impacts 
when designing, constructing, dosing, using, 
maintaining/managing, demolishing, removing and 
reusing the concrete structure.

n One of the main points is the reduction of raw
materials use

Environmental Design of Concrete 
Structures – general principles

12
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n Other fib (fedération internationale du beton)
comissions develop studies regarding
sustainability.

n In Comission 6 (Precast Concrete Comission),
with the participation of two brazilians: Prof.
Paulo Helene and Iria Lícia Doniak, a study
regarding this specific point for the Precast
Industry is been developed in the TG 6.15

13

n The construction industry differs from the others for 
its products are not mass produces, have a long service 
life and high public profile, as this industry is 
exploring more raw materials and has a more 
significant energy consumption.

n The quality and quantity of the constructions affect 
future generations.

fib bulletin 47 - Evironmental Design of Concrete 
Structures – general principles

14
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n Sustainable constructions take into account the 
following considerations: 

1. Construction materials which respect the 
environment, 

2. Energetic efficiency and resources consumption, 
3. The construction and the management of demolition 

wastes.

n But the main point is to reduce the use of raw 
materials.

fib bulletin 47 - Evironmental Design of Concrete 
Structures – general principles

15

n Environmentally a structure can be evaluated using 
objective indexes (resource, energy, emissions) and 
average indexes (reduce, reuse, recycle) as 
environmental performance

fib bulletin 47 - Evironmental Design of Concrete 
Structures – general principles

16
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n CLIENT:

The client is the part with greater opportunity to 
implement environmental objectives. They have 
authority for decision making and can control the focus 
on environmental issues.

It is important that the client is aware of the 
responsibility to assess the environmental and economic 
benefits in a life cycle perspective.

fib bulletin 47 - Evironmental Design of Concrete 
Structures – general principles

17

n CONCEPTUAL DESIGN:

The most efficient moment to make good decisions is in 
the first phase of a project, the conceptual design phase.

fib bulletin 47 - Evironmental Design of Concrete 
Structures – general principles

18
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Recent standards
ü ACI Committee 130. Sustainability of Concrete

ü U.S. Green Concrete Council. Sustainable Concrete Guide. 
Strategies and Examples. Applications 

ü ISO TC 59/SC 17. Sustainability in Buildings and Civil 
Engineering Works

ü ISO 21929-2: Sustainability Indicators (energy, 
materials, water and land)

ü ISO TC 207. Environmental Management

ü BS EN 15804:2012+Amendment 1:2013 Sustainability of 
construction works. Environmental product 
declarations. Core rules for the product category of 
construction products

19

Published and under development/revision
standards

Published Under development/Revision
ISO CEN ISO CEN

Related to 
Environment 
Management

Related to 
Sustainability of 

Construction

Related to 
Sustainability of 

Construction

Related to 
Sustainability of 

Construction

Related to 
Sustainability of 

Construction
14001:2015 15392:2008 15643-1:2010 DIS 15686-5 FprCEN/TR 16970
14004:2016 TS 12720:2014 15643-2:2011 DIS 15686-7 prEN 16757
14040:2006 TS 21929-1:2011 15643-3:2012
14025:2006 TS 21929-2:2015 15643-4:2012
14044:2006 21930:2007 15941:2010

TS 21931-1:2010 15804:2012 + A1:2013
TR 21932:2013 15942:2011
15686-1:2011 15978:2011
15686-2:2012 16309:2014 + A1:2014
15686-3:2002 16627:2015
15686-4:2014
15686-5:2008
15686-7:2006
15686-8:2008

TS 15686-9:2008
15686-10:2010

TR 15686-11:2014

Sustainability of construction 
works – Environmental 
product declarations 
Product Category Rules 
for concrete and concrete 
elements 

20
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21

Standards / Entities / Groups

üU.S. Green Concrete Council. Sustainable Concrete 
Guide. Strategies and Examples. Applications 
(2012)

üEN 15643-1:2010 -  Sustainability of construction 
works - Sustainability assessment of buildings - 
Part 1: General framework

üEN 15643-2:2011 -  Sustainability of construction 
works - Assessment of buildings - Part 2: 
Framework for the assessment of environmental 
performance

üISO 14000 - Environmental management

22
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üCEN/TR 15941:2010 - Sustainability of 
construction works - Environmental product 
declarations - Methodology for selection and use of 
generic data

üISO TC 59/SC 17. Sustainability in Building and 
Civil Engineering Works (2010)

üISO TC 71/SC 8. Environmental Management for 
Concrete and Concrete Structures (2009)

üISO TC 207. Environmental Management (2009)
üISO 13315:2011 Environmental Design of Concrete 

Structures
üISO 21929:2012 Sustainability Indicators (energy, 

materials, water and land)

Standards / Entities / Groups

23

Recent Standards

Concrete Sustainability. Forum I, 2009; Forum II, 2010; Forum 
III, 2011, Forum IV, 2012; Forum V, 2012 and Forum VI, 2013.
“reduce the volume and reduce CO2”
“concrete is a regional material,  and as shuch should be treated”

ISO TC 71/SC 8. Environmental Management for Concrete and 
Concrete Structures

ISO 13315-1: General Principles
ISO 13315-2: System Boundary and Inventory Data
ISO 13315-3: Constituents and Concrete Production
ISO 13315-4: Environmental Design of Concrete Structures
ISO 13315-5: Execution of Concrete Structures
ISO 13315-6: Use of Concrete Structures
ISO 13315-7: End of Life including Recycling
ISO 13315-8: Labels and Declaration

24
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News since "ACI Concrete Sustainability - 

Forum VI". Phoenix, Arizona, October 2013.

1. Understand the impact of infrastructure and 
buildings construction to climate change and 
resource depletion;

2. Understand the opportunities to extend the life of 
concrete structures using eco-efficient materials 
incorporating ultra-high performance concrete;

3. Identify innovations that could potentially transform 
the cement industry, looking for low carbon 
concrete or, if possible, zero carbon emissions;

25

News since "ACI Concrete Sustainability - 

Forum VI". Phoenix, Arizona, October 2013.

4. Contribute in order that the specifications and 
design guidelines and construction around the 
world introduce resources for the effective 
incorporation of concrete in ecological and 
sustainable projects

26
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Also in the United States:

AHPBC  American High-Performance Buildings Coalition          
 Union of 27 associations
 Support the development of sustainable buildings and 

standards

NRMCA
The National Ready Mixed Concrete Asociation 
ü Started the LCA (Life Cycle Assesment) program, complete 

and embracing

ü Introduce the concrete mixes with EPD (Environmental 
Product Declaration).

ü Wishes to increase sales and improve the sector image

27

Redefining High-Performance 
Concrete Structures

Leo Panian; Phillip Williams; Mike Donovan
Concrete International nov. 2012 p. 23-30

1. Bring aggregates up to 800km away is interesting

2. 70% of slag or fly ash class F

3. Foundations: 55MPa at 91d Content: 119kg/m3

4. Columns: 55MPa at 91d  Content: 133kg/m3 

5. Prestressed slabs: 31MPa at 3d and 41MPa at 56d.    
Content = 208kg/m3

28
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ENVIROMENTAL PRODUCT DECLARATIONS

30
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“An EPD® is an certified environmental declaration developed in 
accordance with the standard ISO 14025:2006” Environmental 
labels and declarations - Type III environmental declarations - 
Principles and procedures

The aim of the EPD system is to support the supply and demand for 
construction products and services that cause less impact to the 
environment, through the dissemination of production processes, 
accurate and verifiable data and environmental performance.

This is a document that seeks neutrality and credibility of the 
products in order to promote sustainable development through the 
market.

31

How to elaborate an EPD?

www.greenspec.co.uk

32
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Therefore, to report the EPD, you must:

üSearch the available PCRs (Product Core 
Rules), with product specific guidelines 
analysis (ex: concrete); if it is not available, 
create the PCR according to ISO 14025:2010

üCollect the necessary data and carry out 
studies and analyzes of LCA (Life Cycle 
Assessment)

üRequest the EPD’s verification, made by an 
auditor of the EPD Program

33

So, the EPD can be validated and 
inscribed in a certification program

(e.g. International EPD System)

It will be available for public
examination and it is valid for 5 years!

34
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ECO PLATAFORM

n It is the set of operators, with the aim of 
developing environmental information verified 
in construction products, especially EPD's.

n ECO platform members are responsible for 
continuous improvement of normalizations, 
assessing quality, best practices and efficient 
communication of platform informations.

http://www.eco-platform.org/

35

ECO PLATAFORM

http://www.eco-platform.org/

36
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LCA (Life Cycle Assessment)

This review shall be made in accordance with the 
specific product PCR, which will indicate the 
requirements and minimum life stages to be analyzed

Life Cycle
(general scheme)

Resource extraction

Manufacturing

Transportation

Execution/InstalationUse

Maintenance/ 
Reabilitation

Demolition/Disposal

Recycling

37

LCA (Life Cycle Assessment)

EN 15804:2012 stablishes a minimum number
of  stages of the service life to be considered in 
the EPD;

-EPD1 (Cradle to Gate) 

-EPD2 (Cradle to Gate with Options)

-EPD3 (Cradle to Grave) 

38
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www.coldstreamconsulting.com

39

Assesment of Life Cycle Brazilian Program

40
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The future indicates the LCA, LCIA and LCI 
LIFE CYCLE ANALYSIS
“CRADLE TO GRAVE"

Environmental impact indicators:

• Global warming potential, in kg of CO2 equivalent; 
• Stratospheric ozone layer depletion potential, in kg of 

equivalent CFC 11; 
• Ground and water acidification potential, in kg of 

equivalent SO2; 
• Eutrophication potential, in kg of (PO4)3- equivalent; 
• Tropospheric ozone formation potential, in kg of 

equivalent ethylene; 
• Abiotic resources (elements) depletion potential, in kg of 

equivalent Sb; 
• Abiotic resources (fossil fuel) depletion potential, in MJ. 
43

Life cycle inventories indicators:

• Consumption of non-renewable primary energy, in MJ;
• Renewable primary energy consumption, in MJ;
• The use of non-renewable secondary fuels, in MJ;
• The use of renewable secondary fuels, in MJ;
• Consumption of fresh water, em m³;
• Production of waste (hazardous, non-hazardous and

radioactive), in kg;
• The material for reuse, recycling, energy recovery, in kg.

The future indicates the LCA, LCIA and LCI 
LIFE CYCLE ANALYSIS
“CRADLE TO GRAVE"

44
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Rating and scoring 
systems for 

sustainability
“the business"

45

New Acronyms

ü LCA à Life Cycle Assesment
ü LCI à Life Cycle Inventory Analysis
ü RSL à Reference Service Life
ü EPD à Environmental Product Declaration
ü PCR à Product Category Rules
ü LCIA à Life Cycle Impact Assesment
ü ESL à Estimated Service Life
ü EPDB à Energy Performance of Buildings Directive

46
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Tripod of Sustainability

The Sustainable Construction

ELKINGTON, J. Towards the sustainable corporation: Win-win-win business strategies for sustainable development. 
California Management Review 36, 2, 90-100, 1994. 

47

What is LEED?

(Leadership in Energy and Environmental Design)
Certification for sustainable buildings created and 
granted by US NGO U.S. Green Building Council 
(USGBC). In Brazil this certification is granted by 

Green Building Council Brazil.

48
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LEED

The aim of the system is to reduce the carbon 
footprint of the built environment and create a 
competitive system for buildings efficiency by 
rewarding best practices in design, construction and 
maintenance, also creating a sustainable market for 
construction products sector.

The latest version of LEED also includes regional 
credits which allow tropicalization or adjustment of 
the system anywhere in the global climate.

49

LEED

To be an online documented system certification, 
but also enabling international growth and adoption 
of LEED, creating an in fact global standard for 
sustainable buildings.

It applies to new constructions of commercial or 
residential buildings, industrial plants, school 
buildings, existing buildings, focusing on design and 
construction, interior design, operation and 
maintenance (use).

50
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Certified à 40-49 credits

Silver à 50-59 credits

Gold à 60-79 credits

Platinum à 80+ credits

LEED
Leadership in Energy and Environmental Design

This is a scoring system developed by USGBC 
(United States Green Building Council US) to measure the 
environmental performance of design, construction and 
maintenance of buildings.
 The system is used to compare the environmental 
performance of a building and another in the amount of 
credits from 1-110.
 The four levels of accreditation and punctuation are:

51
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Green Building Design & Construction (BD&C)

Category

PREVIOUS 2009
LEED-NC v3

NEW 2013
LEED-NC v4

CHANGE
Prerequisites Credits Prerequisites Credits

Integrative Process - - - 1 +1 credit
Location and

transportation - - - 16 +16 credits

Sustainable Sites 1 26 1 10 -16 credits

Water Efficiency 1 10 3 11 +2 prereq.; +1 
credit

Energy & 
Atmosphere 3 35 4 33 +1 prereq, -2 

credits
Materials & 
Resources 2 14 2 13 -1 credit

Indoor 
Environmental 

Quality
3 15 2 16 -1 prereq, +1 

credit

Innovation - 6 - 6 No changes

Regional Priority - 4 - 4 No changes

Total Points 10 110 12 110
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How can 
concrete 
contribute?
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Ventura Corporate Towers
Rio de Janeiro/RJ
2011
GOLD

fck : 50MPa

Use of prestressed concrete to
reduce the dimensions of the
structure.

High Performance Concretes: a 
sustainable future

Some LEED certified enterprises in Brazil:

57

Eldorado Business Tower
São Paulo/SP
2009
PLATINUM

fck : 50MPa

High Performance Concretes: a 
sustainable future

Some LEED certified enterprises in Brazil:

58
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Reasons for the Platinum:

ü Rational Use of Water
ü Land development
ü Energy efficiency
ü Environmental care with 

wastes
ü Air conditioning
ü Braking elevators
ü Sustainable materials

High Performance Concretes: a 
sustainable future

Some LEED certified enterprises in Brazil:

59
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High Performance Concrete: a sustainable future
Some LEED certified enterprises in Hong Kong/China (102 in total): 

http://www.usgbc.org/projects

Certification date City Country Rating system Version Certification
level

NAB Private Wealth HK 21/11/2013 Hong Kong Island Hong Kong S.A.R., China [hk] Commercial Interiors v2009 Platinum
ABN AMRO Bank N.V., Hong Kong Branch 01/11/2012 Hong Kong Hong Kong S.A.R., China [hk] Commercial Interiors v2009 Gold

Jones Lang LaSalle 27/07/2011 Hong Kong Hong Kong S.A.R., China [hk] Commercial Interiors v2009 Platinum
T Rowe Price Hong Kong Expansion 20 May 2016 Central Hong Kong Hong Kong S.A.R., China [hk] Commercial Interiors v2009 Gold

Yoo Residence Hong Kong Island Hong Kong S.A.R., China [hk] New Construction v2009
Manulife Tower Project 16 May 2016 Hong Kong Hong Kong S.A.R., China [hk] Commercial Interiors v2009 Platinum

TAL Apparel - HK Headquarters Phase 1 Hong Kong Hong Kong S.A.R., China [hk] Commercial Interiors v2009
HKU Post-Graduate Residence 14/03/2016 Hong Kong Hong Kong S.A.R., China [hk] New Construction v2009 Silver

1 Hennessy Road Hong Kong Hong Kong S.A.R., China [hk] Core and Shell v2009
Wonder 8 29 Oct 2013 Hong Kong Hong Kong S.A.R., China [HK] Core and Shell v2009 Gold

Sha Tin Communications Technology Centre 07/01/2016 Hong Kong Hong Kong S.A.R., China [hk] New Construction v2009 Gold
38-42 Lyndhurst Terrace Development 03/01/2016 Hong Kong Hong Kong S.A.R., China [hk] New Construction v2009 Silver

Grade A Office Development at KTIL761 HK Hong Kong Hong Kong S.A.R., China [hk] Core and Shell v2009
Congress Plus 10/11/2015 Hong Kong Hong Kong S.A.R., China [hk] Commercial Interiors v2009 Gold

Wells Fargo HK Office 27 Sep 2015 Hong Kong SAR China [cn] Commercial Interiors v2009 Gold
Ferrero International S.A. 24 Sep 2015 Hong Kong Hong Kong S.A.R., China [hk] Commercial Interiors v2009 Gold

Trade and Industry Tower in Kai Tak 22 Sep 2015 Hong Kong Hong Kong S.A.R., China [hk] New Construction v2.2 Platinum
Mapletree Logistics Hub - Tsing Yi Hong Kong Hong Kong S.A.R., China [hk] Core and Shell v2009
Redevelopment of Central Mansion Hong Kong Hong Kong S.A.R., China [hk] Core and Shell v2009

The Forum Redevelopment 28 Apr 2015 Hong Kong Hong Kong S.A.R., China [hk] Core and Shell v2009 Platinum
88 Sai Yee Street Hong Kong Hong Kong S.A.R., China [hk] Core and Shell v2009

3 Macdonnell Road Hong Kong Hong Kong S.A.R., China [hk] Core and Shell v2009
Google Hong Kong T2 L25 17 Sep 2015 Hong Kong Hong Kong S.A.R., China [hk] Commercial Interiors v2009 Certified

HSBC HK International Airport Branch 17 Sep 2015 Hong Kong Hong Kong S.A.R., China [hk] Retail - Commercial Interiors v2009 Certified

Double Cove 16 Sep 2015 Hong Kong Hong Kong S.A.R., China [hk] Neighborhood Development 
plan v2009 Gold

Sai Kung Hotel Hong Kong Hong Kong S.A.R., China [hk] New Construction v2009
LEED EB v4 Test 1.01 Hong Kong Hong Kong S.A.R., China [hk] Existing Buildings v4

Hotel Indigo (Tai Yuen Street Hong Kong) 29/07/2015 Hong Kong Hong Kong S.A.R., China [hk] New Construction v2.2 Silver
MANNINGS PLUS - HONG KONG IFC MALL 04/06/2015 Hong Kong Hong Kong S.A.R., China [hk] Retail - Commercial Interiors v2009 Gold

Proposed Commercial Development 
NKIL6512 Hong Kong Hong Kong S.A.R., China [hk] Core and Shell v2009

HKU Chow Yei Ching Building 23/06/2015 Hong Kong Hong Kong S.A.R., China [hk] Existing Buildings v2009 Gold
113 Argyle Street, Mongkok, Kowloon Hong Kong Hong Kong S.A.R., China [hk] New Construction v2009

ITC Causeway Hotel Hong Kong Hong Kong S.A.R., China [hk] New Construction v2009
704 -730 Kings Road Hong Kong Hong Kong S.A.R., China [hk] Core and Shell v2009
M Moser Hong Kong 14 Oct 2014 Hong Kong Hong Kong S.A.R., China [hk] Commercial Interiors v4 Silver

LEED CI for SM HSBC Training Centre Hong Kong Hong Kong S.A.R., China [hk] Commercial Interiors v2009

61

Sha Tin Communications 
Technology Centre
Hong Kong/China
2016
Gold

http://www.usgbc.org/projects

High Performance Concrete: a sustainable future

Some LEED certified enterprises
in Hong Kong/China 
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http://www.usgbc.org/projects

High Performance Concrete: a sustainable future

Some LEED certified enterprises in Hong Kong/China 

Reasons for the Gold

63

Trade and Industry Tower 
in Kai Tak
Hong Kong/China
2015
Platinum

http://www.usgbc.org/projects

High Performance Concrete: a sustainable future

Some LEED certified enterprises
in Hong Kong/China 

64
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Reasons for the Platinum

http://www.usgbc.org/projects

High Performance Concrete: a sustainable future

Some LEED certified enterprises in Hong Kong/China 
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Why does this Programs control
much the building use and do not

give much relevance to the
Materials and Structures? 

High Performance Concrete: 
a sustainable future

66
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If the cement is responsible for 
6% to 7% of the whole planet’s

CO2 emissions, why not to
control the concrete from a 
sustainable point of view? 

High Performance Concrete: 
a sustainable future

67

CEMBUREAU

68
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CEMBUREAU 

69

Production capacity
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Major countries in worldwide cement production 
from 2010 to 2014 (in million metric tons)

1°

2°

3°

http://www.statista.com/statistics/267364/world-cement-production-by-country/

6°

71

Edification - Emissions of GWP

Considering a service
life of 50 years for a 
middle class house

9%

91%
Construction
Use

Holistic Vision: 
operation and use

72
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CONCLUSIONS

73

• The cement is not the main
villain

• The concrete is not banned or
unserviceable

• Civil engineer of concrete is
not reckless or villain

74
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The noble concept of 
sustainability is 

beautiful and it has 
been practiced in 

concrete structures, 
which can do even 

better!

75

Sustainability

“Sustainable development meets 
the needs of the present without

compromising the ability of 
future generations to meet their 

own needs.”

Environmental – Social - Economical

United Nations, 1987 - Brundtland Commission

76
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How to walk in the 
direction of 

SUSTAINABILITY

in concrete structures?

77

Options:

1. act on the materials

2. use recycled aggregate

3. use self-compacting concrete (SCC)

4. use high durability concrete

5. use high-strength concrete (HSC)

78
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1. Acting on the construction materials:

• cement

• supplementary cementing materials (SMC)

• sand (fine aggregate)

• gravel (coarse aggregate)

• water;

• additives;

• steel / reinforcement;

• formwork
79

CEMENT SUSTAINABILITY INITIATIVE
(WBCSD – CSI)

n 1999

n 10 international groups

n 25 groups around the world are members
of the CSI

80
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CEMENT SUSTAINABILITY INITIATIVE
(WBCSD – CSI)

n In China:

China National 
Materials Group 
Corporation Ltd.

China National 
Building Material 
Group Corporation

81

n In Brazil:

CEMENT SUSTAINABILITY INITIATIVE
(WBCSD – CSI)

82
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HOW TO MITIGATE CO2 EMISSIONS? 

n Energy efficiency

n Alternative fuels

n Cement additives

n Carbon capture and imprisonment

83

According to WBCSD – CSI, in the study“Getting 
the Numbers Right” (GNR):

“Brazil is the leader in the use of biomass as 
substitute fuel, with 12% of total thermal energy 

generated. Adding 9% fossil waste, Brazil also 
replaces more than one fifth of fossil fuels with 

alternative fuels”.

ALTERNATIVE FUELS

84
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Recent investigations 
in Brazil

85

Nanotubes and Carbon Fibers:
A way for the sustainability of cementitious materials

SOUZA, T. C. C.; SUZUKI, S.; LUDVIG, P.; CALIXTO, J. M.; LADEIRA, L. O.

Use of NTC and NFC in order to 
increase the strength and reduce 

the concrete pores.

CONCRETO & CONSTRUÇÕES. São Paulo: Ibracon, jan. 2015. Trimestral.

86
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Nanotecnology: NTC and NFC adplied directly to 
Clinker particles

n Results: 

Increased durability by refinement of the pores in 
hydrated cement paste (20% reduction in pore 
diameter).
Increased setting time of up to 17%
Clinker content reduction for the same resistance by 
increasing the strength of concrete up to 21%.

87

Yesterday Concrete: Tomorrow
Cement:

The use of concrete wastes in Clinker 
production

NOBRE, T. R. S.; GUERREIRO, A. Q.; KIRCHHEIM, A. P.

Objective: Evaluate the possibility of using concrete 
and other industrial wastes as raw meal composition of 
Portland cement.

CONCRETO & CONSTRUÇÕES. São Paulo: Ibracon, jan. 2015. Trimestral.
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Results of the Processing

ü Environmental benefit;
ü Economic factor;
ü Innovation in Clinker production;
ü Closure of the life cycle;
ü Contains all the needed minerals which make up the

raw material;
ü Composite simple emits less CO2 tan pure sample.

VIABLE !

89

2. Use of concrete with recycled

aggregate from the wastes 

generated by new construction or 

demolition

High Performance Concrete: 
a sustainable future

90
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Referenced by 210 articles - Google Scholar

Concrete made with recycled aggregates (20%, 50%, and 100% 
replacement) from old masonry or from old concrete can have the 

same fresh workability and can achieve the same 
compressive strength of concrete made by natural aggregates 

in the range of 20–40 MPa at 28 days.

91

Recycled Aggregate

n Recycled of 
cementitious base 
(concrete and mortars)

n Recycled of ceramic 
base (floors, masonry)

n Replace them from 
20% to 50% of the fine 
and coarse aggregate 
without affecting 
strength and durability

92
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93

“Recycled concrete aggregate
was produced by crushing of
“old” concrete cubes used for 

compressive strength testing and
one precast reinforcedo concrete 
column, which had inappropiate

dimensios. [...]
The strength class of old

concrete cubes was C30/37 and
the corresponding value of

compressive strength for precast
column was C40/50 [...]”

94
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3. use high performance 

self-compacting concrete (SCC)

High Performance Concrete: 
a sustainable future

95

fresh concrete
self-compacting concrete (SCC)

96



49

Comparative
study

97

self-compacting

concrete (SCC)

vibrated 
concrete

98
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0.870 man-hour / m³ of concrete

0.081 man-hour / m³ of concrete

Vibrated concrete:
placed and finished: 4.4min + 3.3min
n. of workers: 5 (five)
placing (2), vibrating (1) and finishing (2)

SCC: 
Placed and finished: 1.2min
n. of workers: 3 (three)
placing (1) and finishing (2)

10  x  productivity

99

working at night
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SCC

1. Reduces noise à health

2. Reduces time à productivity

3. Increases uniformity 

4. Reduces electric energy à do not use vibrator

5. Reduces formwork wear

6. Enhances service life

101

4. use high durability

concrete

High Performance Concrete: 
a sustainable future

102
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fck= 15 MPa à t = 8 years

fck= 25 MPa à t = 38 years

fck= 50 MPa à t = 240 years

= 2,0 cm

Carbonation

e

103

Centro Empresarial Nações Unidas - Torre Norte
São Paulo - 1997

179 m high
fck = 50MPa

104
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105

The target building for evaluation is a 
tall apartment building made

of reinforced concrete with a total 
floor area of 14,424 m2, 35 stories

above the ground

106
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Case 1: demolition and reconstruction after 50years
Case 2: maintenance after 50 years
Case 3: 100years service life due to the use of high 
strength concrete (redesign)

In particular, the energy 
consumption of case 3 
for construction stage 
decreased 51.89% 

and 3.79% respectively 
compared with case 1 

and case 2, and the 
evaluation of CO2 

emission also 
decreased 52.06% 

and 4.12% respectively 
compared with case 1 

and case 2.
The energy consumption 

of case 3 for life cycle 
decreased 15.53% 

and 2.95% respectively 
compared with case 1 
and case 2, and CO2 

emission also 
decreased 16.70% 

and 3.37% respectively 
compared with case 1 

and case 2.

107
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Recommendations for the Use of UHPFRC in Composite 
Structural Members e Rehabilitation Log Čezsoški 

Bridge. 
Deliverable ARCHES D14.

Denarié, E., Habert, G., Sajna, A., 2009.

“Four systems are compared: two traditional rehabilitation 
systems and two rehabilitation systems using UHPFRC. 

The difference between the two solutions in the same system is the 
nature of the binder used. We have made a distinction between a 
standard solution where CEM I is the only binder that is used and 
an “eco-solution” where 50% of mineral addition is substituted to 

cement. […]”

109

“[…] while considering the 
construction phase only, 

no environmental 
improvements were observed 

between a traditional 
rehabilitation system and the 

UHPFRC system”

but…

110
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When the rehabilitation lifespan was considered, a CO2 
emissions reduction of close to 50% could be achieved

Rehabilitation systems with 
UHPFRC have then much 
lower impact than both 
traditional rehabilitation 

systems.

“If it is assumed that the durability of a traditional solution is 30 years, 
the durability of eco-concrete can be set at 80% of that and the 

durability of both UHPFRC can be assumed to be at least twice 
longer. To compare the impact of the different solutions, it should then 
be assumed that one will need 2 rehabilitations with traditional systems 

while we will do a single rehabilitation with UHPFRC systems” 

111

Sustainable
Development

“Increasing service life of concrete structures we can
preserve the natural resources.

If we develop the design and construction ability we
can get concrete structures with 500 years service life.
Doing this we can multiply by ten our productivity
which means preserve the 90% of them”

Kumar Mehta
Reducing the Environmental Impact of Concrete

Concrete International. ACI, v.23, n. 10, Oct. 2001.  p.61-66

112
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5. use high-strength
concrete (HSC)

High Performance Concrete: 
a sustainable future

113

§CO2?

§Energy?

§Natural resources?

§Life cycle? 

High Performance Concrete: 
a sustainable future

114
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Column for 500t

fck = 20MPa

fck = 50 MPa

High Performance Concrete: 
a sustainable future

115

Considering a typical central column of a 
20-story building, square cross section, 3m 

high, main reinforcement

Characteristic normal strength= 500 tf

fck 

(MPa)
steel rate (%)

à total of the column

cross 
section 

(cm)

adopted 
(cm)

20 0.4 à 49kg 71.8 x 71.8 72 x 72

50 0.4 à 24kg 46.9 x 46.9 50 x 50

20 4.0 à 255kg 51.2 x 51.2 52 x 52

50 4.0 à 151kg 39.5 x 39.5 40 x 40

116
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fck = 20MPa

Cement = 280 kg/m³
Sand = 845 kg/m³

Gravel = 1036 kg/m³
Water = 210 kg/m³

High Performance Concrete: 
a sustainable future

117

fck = 50MPa

Cement = 420 kg/m³
Sand = 801 kg/m³

Gravel = 1010 kg/m³
Water = 160 kg/m³

High Performance Concrete: 
a sustainable future

118
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Material
NOx 

(kg/t)

CO2

(kg/t)

GWP 

(kg/t)

Energy consumed

(kWh/t)

Portland Clinker
(≈ CP I) 1.85 855

1447
(880)

998

Pig iron (mineral)
CA 50 & CA 60 

(waste)
4.43

1588   
380

3006
719

5,060 
20,000

*Global warming potential (GWP) is a measure of how much a given mass of greenhouse gas is 
estimated to contribute to global warming. It is a relative scale which compares the gas in question to 
that of the same mass of carbon dioxide.

Gaseous emissions and energy 
consumption

120
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Structural Concrete
fck 20MPa

1 m³
GWP
kg/t 

GWP
kg/m³

Energy
kWh/m³

Cement CP I 280kg 1447 405 280
Sand 845kg 0 0 1

Gravel 1036kg 0 0 12
Water 210kg 0 0 0
Steel

CA50 & CA60
32kg
315kg 719 

23 640
226 6300

Formwork 12 m²/m³ 
6 reuses

1.4cm plate
0,0280 m2 0 0 43

TOTAL
428 933
631 6636
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1 m³
GWP
kg/t 

GWP
kg/m³

Energy
kWh/m³

Cement CP I 420kg 1447 607 419
Sand 801kg 0 0 3

Gravel 1010kg 0 0 12
Water 160kg 0 0 0
Steel

CA50 & CA60
32kg
315kg 719 

23 640
226 6300

Formwork 12 m²/m³ 
6 reuses

1.4cm plate
0,0280 m2 0 0 43

TOTAL
630 1117
833 6777

Structural concrete
fck 50MPa
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Material Type
fck GWP Energy

MPa kg/m3 kWh/m3

Reinforced 
concrete CP I 20 428 / 631 933 / 6636

Reinforced 
concrete CP III 20 140 / 344 777 / 6437

Reinforced 
concrete CP I 50 630 / 833 1117 / 6777

Reinforced 
concrete CP III 50 199 / 402 820 / 6480

0.4%  &  4% 
steel rate

1 m³ of structural
concrete
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0.4%

4.0%

1 m³ of structural concrete 
with 70% slag
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1 m³ of structural concrete

0

50

100

150

200

250

20 50

210

160

W
at

er
 L

/m
³

Concrete strength (MPa)

126



64

Column 3m high,
0.4% steel rate, 500tf

Material
fck

cross 
section energy GWP

MPa cm kWh kg

Reinforced 
concrete 20 72x72 1208 218

Reinforced 
concrete 50 50x50 615 149

127

Material
fck

cross 
section energy GWP

MPa cm kWh kg

Reinforced 
concrete 20 52x52 5221 279

Reinforced 
concrete 50 40x40 3110 193

Column 3m high,
0.4% steel rate, 500tf
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Investigation:

Which is the most sustainable
concrete?

fck = 25MPa (250kgf/cm2)
fck = 30MPa (300kgf/cm2)
fck = 35MPa (350 kgf/cm2)

High Performance Concrete: 
a sustainable future

132
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Investigation: reinforced concrete building

§ Low level;
§ 8 storeys type;
§ coverage, stairs and upper reservoir

Comparative analysis: 
Ø 25 MPa; 
Ø 30 MPa, keeping the same dimensions of the 

structural elements of 25 MPa; 
Ø 35MPa, reducing the dimensions of structural 

elements.
Obtained structural area was of 2,078 m2. 
Load: 0.55 tf/ m2 (permanent load + live load). 

133

Investigation: reinforced concrete building
 25 MPa : 
 Cement: 310 kg
 Sand: 870 kg = 0,53 m3 sand / m3 concrete 
 Gravel: 930 kg = 0,52 m3 gravel / m3 concrete
 Water: 180 kg (or litters) 

30 MPa : 
 Cement: 340 kg
 Sand: 770 kg = 0,47 m3 sand / m3 concrete 
 Gravel: 970 kg = 0,54 m3 gravel / m3 concrete
 Water: 180 kg (or litters) 

35 MPa : 
 Cement: 370 kg
 Sand: 744 kg = 0,45 m3 sand / m3 concrete 
 Gravel: 960 kg = 0,53 m3 gravel / m3 concrete
 Water: 180 kg (or litters) 
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Investigation: reinforced concrete building
Materials amount

Para 25MPa :

Para 30MPa :

 Para 35MPa :

concrete formwork steel
471 m3 4596 m2 41619 kg

0.23 m3/m2 2.20 m2/m2 20.0 kg/m2

88.0 kg/m3

concrete formwork steel
471 m3 4596 m2 40130 kg

0.23 m3/m2 2.20 m2/m2 19.3 kg/m2

85.1 kg/m3

concrete formwork steel
401 m3 4464 m2 39596 kg

0.19 m3/m2 2.10 m2/m2 19.1 kg/m2

98.7 kg/m3
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Investigation: reinforced concrete building

Product flow diagramà …from cradle to grave…

Raw materials and energy Emissions
1) Cement extraction and

production

2) Materials mixing and
transportation

4) Reinforced concrete 
building structure3) Steel production

5) Use

6) Demolition

Emissions

Production losses (steel
and formwork) and

emissions

Reabsorption of carbon
dioxide

Waste

Extraction, processing, 
storage and

transportation of sand
and gravel.

Use of water and energy

Raw materials, water
and energy

Emissions

Formwork, water and
energy
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Environmental 
impact
assessment
over Life Cycle

Environmental Effects = climate changes, acidification, eutrophication, 
human toxicity, aquatic and terrestrial ecotoxicity, ozone layer depletion

Life cycle
inventory

Emissions
and waste

Resources

Life cycle = cradle to grave

Raw materials
extraction

Production of
preliminary goods

Production of
final goods Use End of life

137

ISO 14025:2006
Environmental labels and declarations - Type III environmental declarations - 
Principles and procedures
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Reinforced concrete

… from cradle to grave…

139

Investigation: reinforced concrete building

Ricardo BENTO, doutorado IAU.USP.

The results obtained in relation to the impacts were 
studied:

25 MPa 30 MPa 35 MPa
Eutrophication Greater Medium Minor

Photochemical ozone 
formation Greater Medium Minor

Material resources
consumption Greater Medium Minor

Energetic resources
consumprion Greater Medium Minor

Ecotoxicity Greater Medium Minor

Global Warmig Medium Greater Minor

Human toxicity Greater Medium Minor

Acidification Medium Greater Minor

Wastes Medium Greater Minor
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Photochemical ozone formation

Global Warming

Human toxicity

Acidification

EcotoxicityEutrophication

141

Energetic resources consumtion Materials resources consumtion

Waste
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Investigation: reinforced concrete building

This is an investigation of Eng. Ricardo Bento and it is 
part of his Doctoral thesis, that is still ongoing (on 
progress)

"Even though the work is not fully completed it is already 
possible to say that there was a clear advantage in replacing 
concrete 20MPa for 35MPa in a low middle class building with 
just 8 floors.“

“The studies in progress will analyze other situations, houses and 
high buildings (> 25 floors) to verify that this partial findings, 
but very promising, can be generalized, and for the development 
of high performance concrete (high performance)”

143

Investigation: reinforced concrete building

Ricardo  BENTO, doutorado IAU.USP.

Conclusion:

For all the environmental impact
categories, the 35MPa structure has the
minimum values, performing the same
function, then the 30MPa structure and, 
finally, the 25MPa structure

144



73

Column design change 

145

Column design change 

Original design: 30 MPa + SRC structure
ALT 1: 45 MPa, concrete only
ALT 2: 50 MPa, concrete only
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The CO2 emission reduction 
method at the construction 

stage can be summarized as the 
application of high-strength 

concrete, the standardization 
of reduction mix design using 

blast-furnace slag, and the 
selection of RMC companies 

with low CO2 emission.

147

These tools clearly stablished at ISO14025 
environmental series allow the creation of a 
type III declaration, or allow an objective
qualification of the products and services to 
construction.

In this way, it is developed a transparency of 
the products in relation to its environmental
impacts.
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The revolution which is underway from 
these concepts uses a standardized 

methodology for data collection, 
environmental impact assessment, access to 

homogenized information and continued 
review of the environmental performance of 

products and services.

149

e-Tower
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e-Tower

n e-Tower building / SP
n 42 floors
n Heliport
n semi-Olympic pool
n Gym
n 2 restaurants
n colored concrete
n fck columns = 80MPa

151

Structural design (e-Tower)
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Myth
HSC > 125MPa

consumes much
cement and is not

sustainable
153

TRUTH
it may consume more 

cement per m³, but the
amounts of CO2 , energy

and water greatly
reduces with high

strength

CO2 / MPa
154
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Control
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Original:
fck = 40MPa
Cross sectionà 90cm  x 100cm à 0,90m²
      

HPC / HSC:
fck = 80MPa
Cross sectionà 60cm  x  70cm à 0,42m²
       

Natural Resources
Economy

158
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Ø 70% less sand

Ø 70% less gravel

Ø 53% less concrete

Ø 53% less water

Ø 20% less cement

Ø 31% less formwork area

Sustainability

159

Ø 25% more reuse of 
formwork

Ø 43% less steel

Ø 16 more parking lots 

Ø 10x greater service life

Ø 100% faster formwork 
removal

Sustainability

160
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Compares the environmental impacts of 2 existing
classic bridges, made to cross a four-lane divided 

highway with a two-lane road

- The 1st one made by traditional concrete
- The 2nd one constructed with high performance 

concrete

161

(a) Traditional concrete bridge 
(Saône et Loire, 71 – France)

Two 25m-long spans for a total length of 
51.53m 

(b) High performance concrete 
bridge (Bourges, Cher, 18 – France)
Two 22.5m-long spans for a total length of 

46.25m 
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TCb = Traditional Concrete bridge
HPCb = High Performance Concrete 
bridge 

The present study shows that the use 
of high performance concrete allows 

for a 50% reduction in 
greenhouse gas emissions for 

production of the building materials 
used in the bridge. 

163

[…] the HPC bridge design yields savings of 
approximately 15% for all impact categories […] except for 

those dealing with ecotoxicity. For ecotoxicity, the HPC bridge 
solution allows savings of 20% [...].
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Compares design solutions for the same building, in terms of CO2, cost and 
service life in a chloride exposure. 
Four solutions were studied:

• Conventional structure: (B35)
• High-strength Concrete (HSC): 85 MPa, developed using particle packing 

model on local materials (B85)
• Different structural floor solutions were used for each concrete strength 

(conventional deck and flat slab bubbledeck)
165

“…In the longer term, the 
use of high strength HPC 

will give even larger benefits 
in terms of long service 

life, reduced maintenance 
because of durable structure 

and lastly the benefits of 
having an all-concrete, 

heavy structure that will 
reduce the total energy 
needed to modify the 

climate of the structure.”

“This example has 
shown that by using 

HSC/HPC in the chosen 
buildings, together with 
structural measures, it 

should possible to 
achieve more than 
50% reduction in 
total construction 

CO2 emissions.” 
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Investigates the influence of design age, in addition to mix 
proportions and geometric aspects, on the GWP associated 
with 4 different functional units:
1. Cubic meter of concrete
2. Beam
3. Column
4. Concrete building frame

167

Studied concrete mixes proportions

168
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Studied concrete mixes compressive strengths

169

1. Cubic meter functional unit
Using low levels of binder and especially low levels of cement 
would result in the lowest possible GWP. However, mechanical 
properties and changes in strength development differ based 
upon changes in binder and cement content.
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2. Beam functional unit
Increased age and the influence of strength development do not 
play a significant role in reducing GWP for the beam design 
functional unit. This is a reflection of the reinforcement playing a 
larger role in the member design than the concrete strength.

171

3. Column functional unit
Notably, the highest cement content concretes, which have a high GWP 
on a cubic meter functional unit basis of comparison, have among the 
most favorable GWP for the column design at 28 days.
The attributes of low w/b ratio and high cement content typically are 
associated with high GWP concretes, but in the case where strength can 
contribute significantly to the volume of material needed, the high 
associated GWP per cubic meter of material can be outweighed.
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4. Concrete building frame functional unit

Combining all methods, including using the lowest GWP concrete 
mixture with appropriate strength, column design methods, and 
strength development, results in a potential 44% reduction of 
GWP for the concrete frame relative to designing at 28 
days with the US average FA replacements.
Based on the mixtures examined in this analysis, use of the 
lowest-GWP concrete with appropriate strength for the 
building design at the highest design age has 
approximately 40% lower GWP than the baseline mixture.
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4. Concrete building frame functional unit

174
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CONCLUSIONS
Ø Constant volume comparisons do not adequately portray differences 

in GWP for structural members
Ø Incorporation of material properties and application are necessary 

for adequate comparisons of concrete mixtures 
Ø Strength development and the different rates of strength 

development of concrete mixtures influence the ability to use certain 
concrete mixtures for a set application. Use of alternative concrete 
mixtures that require less cement can be achieved if higher design 
ages are specified, thus reducing associated GWP.

From these results, it is clear that the influence of design 
requirements and strength development can play a large 

role in the GWP associated with materials for 
construction of structures: up to 40% reduction for the 

building frame analyzed in this research.
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Important points

Yield concept:

Considering only cement content:

Concrete 120MPa à 4,0kg/MPa 
à 1,2kg clinker / MPa

Concrete 40MPa  à 6,7 kg/MPa 
à 2,1kg clinker / MPa

Concrete 20MPa  à 11,5 kg/MPa
à 3,5kg clinker / MPa

176
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Materials Revolution!
1972 2016

cement / sand / gravel / water cement / sand / gravel / water

slag slag

fly ash fly ash

plasticizer plasticizer

super plasticizer

setting regulator

fibers

metakaolin HP

silica fume

nano silica

pigments

crystallizing / nanotube 

densifier / limestone
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RESPONSIBLE, SUSTAINABLE, BEAUTIFUL AND 

CONTEMPORANEOUS CONCRETE IS:

à stronger

à more durable

à more human (< noise and < physical effort)

à consumes less non-renewable material resources

à consumes less water

à consumes less energy

à produces less waste and garbage

178
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Other points for which concrete contributes
The use of energy in buildings accounts for a large share of the total end use 
of energy in Europe (40%). 
Concrete’s thermal mass can be used to avoid or reduce temperature swings 
in the building and to eradicate the need for energy guzzling air conditioning 
systems. Concrete stores heat in the winter and cools buildings in the 
summer, creating optimum comfort conditions for the occupants. Dense, 
heavyweight concrete provides the highest amount of thermal mass. 
Research results demonstrate that buildings with high levels of thermal 
mass, passive solar features and effective ventilation controls perform 
extremely well as regards energy efficiency.
Sustainable benefits of concrete structures. European Concrete Platform ASBL, February 2009

For buildings, where the climate is of importance, the ability of heavy 
materials, like concrete or stone, to accumulate heat and to release it will 
encompass a saving in heating and cooling of up to 10 or 20%, something 
which has a huge impact on the accumulated energy consumption of a 
building
IMPROVING SUSTAINABILITY OF CONCRETE CONSTRUCTION – THE ROLE OF HIGH STRENGTH AND HIGH PERFORMANCE 
CONCRETE 
Per Fidjesto - Elkem as Silicon Materials, Norway 
Rein Terje Thorstensen, Elkem as Silicon Materials, Norway 
37th Conference on OUR WORLD IN CONCRETE & STRUCTURES: 29 - 31 August 2012, Singapore 
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1. reduce greenhouse gas emissions

2. reduce energy consumption

3. reduce consumption of non-renewable natural resources

4. use the concrete rationally (do 
more with less)

5. change the "way of life“ of some people

How to be a better and 
prevailing Architect or 

Engineer?

180
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MIS – RJ
image and sound museum
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Pantanal Aquarium
Campo Grande/MS
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UNIQUE
Hotel SP
fck = 50MPa

2002

Ruy Ohtake Mário Franco

201
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Considered 
by the 

French press 
of one of the 
7 Wonders 

of 2003

203

Some 

thoughts

204
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Is it correct to carry out growth
assessment only by economic indexes? 

ü Did the quality of life improve?
ü Did the sanitation and health improve? 

ü Were there fewer serious acidentes in construction works?
ü Were there evolution in the technology?
ü Were there evolution in the quality and sustainability of

construction works?
ü Were there evolution in the knowledge and technology

transfer between Universities, Architecture and Engineer and
the companies?

ü Which excellence indexes should be chased?
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Kuala Lumpur

Malasia 1997

452m

fck = 800 kgf/cm2

before / after

Petronas Towers
Cesar Pelli
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Today there are 
more than 100 

constructed  
buildings 300m+ 

high
CTBUH, 2016
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From this amount of 
skycrapers: 

Ø 36 are in concrete

Ø 54 are composite 
 concrete / steel

Ø only 10 are in steel
CTBUH, 2016
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Including the tallest 
building of the world, 
Burj Khalifa, in Dubai, 

with 820m-hig, was 
constructed in concrete

209

Burj Khalife / Dubai - World tallest (2008)
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Comparative
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The world tallest building in the
future

KINGDOM TOWER

1km-high

Jeddah, Saudi Arabia

The calculations 
predict that the 
Kingdom Tower will 
consume a minimum of 
500,000m³ of concrete

213
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High Performance Structures

àReduce the problems risk

àDemand previous studies

àDemand the quality management

àDemand the knowledge and use of 
standards and existing documents

àAre a team, nation work…

216
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Sustainability combines in gender, 

number and degree with

Rationalization

Precast Concrete

Industrialization
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Top 10 
countries for 
LEED in 2015
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Rank Nation
GSM of LEED-
certified space 

(million)

Total GSM of 
LEED-certified 
and registered 

space (millions)

Total number of 
LEED-certified 
and registered 

projects

1 Canada 26.63 63.31 4,814
2 China 21.97 118.34 2,022
3 India 13.24 73.51 1,883
4 Brazil 5.22 24.50 991

5 Republic of Korea 4.81 17.47 279

6 Germany 4.01 8.42 431
7 Taiwan 3.84 9.08 149

8 United Arab Emirates 3.13 53.44 910

9 Turkey 2.95 23.74 477
10 Sweden 2.54 4.20 197

* United States 276.90 727.34 53,908

GSM = Gross square meters
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