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INTRODUCTION 
In this task O1-!р άEcoBuild Implementation GuideέΣ Lǘ Ƙŀǎ ōŜŜƴ ǇǊƻŘǳŎŜŘ ŀƴ 9Ŏƻ.ǳƛƭŘ 
Implementation Guide focused as a handbook for teachers and professionals about 
ecological challenges in constructions to be implemented in Secondary Schools based 
on an educational approach. 
 
This guide is a very useful training material for teachers to explain main concepts of 
EcoBuild for learning to protect environment and to be transferred to students in a 
higher understanding of the Serious Games developed. 
 
This guide is therefore directly related to the "IO2. EcoBuild Serious Game" of the 
project, based on the development of a game consisting of a series of sequential 
challenges in which players must build, restore or rebuild a house as efficiently as 
possible, incorporating new materials and construction methods. The objective is for 
students to learn how to develop buildings that meet efficiency goals, with lower CO2eq 
consumption, control of material quantities used, use of recyclable materials, etc. 
 
Likewise, the student, as he/she constructs a building and chooses the different 
materials, is aware of the pollution and environmental impact it generates. 
 
 
All the information about the game and more technical documentation is available in 
the following url, where also it is possible to download:  

- EcoBuild project web: https://ecobuildproject.com/ 

https://ecobuildproject.com/
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1. CIRCULAR ECONOMY. BASIC CONCEPTS 

1.1 WHAT IS THE LINEAR ECONOMY? 
Linear economy is an economic system based on collecting raw materials, using them to create 
consumer goods, and disposing of resulting waste products. 
 
An economy based on ΨǘŀƪŜ-make-ŘƛǎǇƻǎŜΩ is called as linear economy. 
 

 

Linear economy scheme. Source: BIMgreen 2019. 

 
The society in which we live means that the pace of consumption is accelerating, a model that 
is fast but unsustainable for the planet. 
The impact of "waste materials" going to landfill has several consequences. 
Firstly, it means that valuable materials are being buried. This is not only wasteful but can also 
have additional negative environmental effects such as methane emissions generated by organic 
waste or environmental pollution. 
Secondly, it means that more of these raw materials must be extracted from the earth and more 
energy and water must be used to make new materials and products. 
Thirdly, it encourages a culture of consumption that does not sufficiently recognise the value of 
materials at the end of their useful life. 
 

 

Figure 1. Diagram of linear economy. Source: Marble and Stone Technology Centre, 2018. 

 
The circular economy establishes a more sustainable production and consumption model in 
which raw materials are kept longer in production cycles and can be used repeatedly, therefore 
generating much less waste. 
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1.2 WHAT IS CIRCULAR ECONOMY? 
Circular economy is a new production and consumption model that ensures sustainable growth 
over time. With the circular economy, we can drive the optimization of resources, reduce the 
consumption of raw materials, and recover waste by recycling or giving it a second life as a new 
product. 

 

Figure 2. Circular economy system.  Source: https://wdo.org/designing-towards-circular-economy/ 

The aim of the circular economy is therefore to make the most of the material resources 
available to us by applying three basic principles: 
 

REDUCE  REUSE  RECYCLE 
 
In this sense, the life cycle of products is extended, waste is used and a more efficient and 
sustainable production model is established over time. 
 
The idea is to imitate nature, where everything has value and everything is used, where waste 
becomes a new resource. In this way, the balance between progress and sustainability is 
maintained. 
 

 

Figure 3. Recyclable product logo. Source: freepik. 

In contrast, the circular ŜŎƻƴƻƳȅ ŀƛƳǎ ǘƻ ƳƛƳƛŎ 9ŀǊǘƘΩǎ ƴŀǘǳǊŀƭ ŎȅŎƭŜǎ ōȅ ŀǇǇƭȅƛƴƎ ǎƛƳƛƭŀǊ 

principles to our economic system. The innovative model involves a complete rethink of our 

approach to products and services and how we consume them. 
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1.3 WHAT ARE THE PRINCIPLES OF THE CIRCULAR ECONOMY? 
The 3Rs rule is well known to all, and it includes the essential guidelines for sustainable 

development, which are: reduce, reuse and recycle. 

In other words, what is obtained from nature returns to it when its useful life is over, in a cyclical 

and environmentally friendly way. 

But there are also 4 other guidelines to fully shape a circular economy model that is totally 

environmentally friendly. For this reason, a more complete methodology based on the 7Rs rule 

is available: 

o Redesign: Thinking and designing products so that their manufacturing process 

consumes fewer raw materials, extends their lifecycle, and generates less waste (or at 

least waste that is easier to recycle). This increases environmental protection. 

o Reduce: Change our consumption habits towards a more sustainable model. If we 

reduce consumption, we avoid the generation of waste, the use of raw materials, and 

therefore reduce the impact on the environment. 

o Reuse: Reusing or repurposing products to extend their lifecycle. 

o Repair: Until now, when a product broke down, we tended to replace it. However, 

repairing it is not only cheaper, but also avoids the use of new raw materials, saves 

energy, and does not generate environmental waste. 

o Renovate: Update old objects so that they can be reused as vintage, e.g., furniture. 

o Recycle: Promote best practices in waste management and use what you can as raw 

material to manufacture new products. 

o Recover: Give new uses to products that are going to be discarded, for example, using 

plastic bottles to create watering systems, flowerpots, or bird feeders. 

 

Figure 4. 7 Rs rule. Source: Marble and Stone Technology Centre, 2022. 
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1.4 WHAT ARE THE BENEFITS OF THE CIRCULAR ECONOMY? 
This production model has several benefits: 

o Environmental Protection: through the reduction of emissions, a minimisation in the 

consumption of natural resources and a reduction in the generation of waste. 

o It benefits the local economy: by encouraging production models based on the reuse of 

nearby waste as raw material. 

o Promotes employment: by stimulating the development of a new, more innovative and 

competitive industrial model, while generating more economic growth and 

employment. 

o Favours resource independence: the reuse of local resources can lead to less 

dependence on the import of raw materials. 

o It stimulates innovation: by designing more sustainable products (eco-design), with 

lower consumption of raw materials, longer life and less waste generation, the circular 

economy provides consumers with increasingly innovative products. 

o It favours new business models: product repair, remanufacturing or reconditioning, 

resale and exchange or collaborative consumption platforms, pay-as-you-go services 

instead of buying products, waste recovery, etc. 

o Savings in manufacturing costs and consumer products: minimising the use of materials 

and to shorten the circle as much as possible so that the product can be reused, 

transformed or remanufactured. By returning to the production cycle more quickly, 

companies save on the material, labour, energy and capital costs embedded in the 

product, which benefits consumers. 

o Longer-lasting products: the aim is to extend the lifetime of products to avoid the use 

of new raw materials and to save energy and waste. 

o More responsible consumption: circular economy encompasses not only economic and 

environmental aspects, but also social ones. The promotion of this model encourages 

citizens to think more about their real needs and to change towards more sustainable 

consumption habits. 

 

Figure 5. Zero Waste image. Source: freepik. 
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1.5 CIRCULAR ECONOMY IN THE CONSTRUCTION SECTOR 
¢ƘŜ ŎƻƴǎǘǊǳŎǘƛƻƴ ƛƴŘǳǎǘǊȅ ƛǎ ƻƴŜ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ƭŀǊƎŜǎǘ ŎƻƴǎǳƳŜǊǎ ƻŦ ŜƴŜǊƎȅ ŀƴŘ Ǌŀǿ ƳŀǘŜǊƛŀƭǎΦ 

This is taking its toll on the environment: in the EU, construction is responsible for around 40% 

of CO2 emissions and nearly a third of all waste. But shifting from a linear to a circular economy 

would bring huge ecological improvements. 

In 2014, in Europe, the construction and use of buildings accounted for 50% of the materials 

extracted, 50% of the energy used, 25% of the water consumed and 25% of the waste generated.  

 

Figure 6. Circular economy model for the construction sector. Source: Bravo-German, A.M. (2021)1 

 

From water and electricity to steel and concrete, it takes a vast number of resources to build our 

homes, offices and roads. But at what cost? In Europe, construction makes up more than a third 

of total energy consumption. And when buildings reach the end of their lifetime, only 40% of 

construction waste is recycled or reused. Most of these recycled materials are downcycled for 

second-grade construction like roads, rather than new buildings. 

¢ƘŜ ŎƻƴǎǘǊǳŎǘƛƻƴ ǎŜŎǘƻǊ ŦŜŀǘǳǊŜǎ Ƴƻǎǘ ŦǊŜǉǳŜƴǘƭȅ ƛƴ 9ǳǊƻǇŜŀƴ ŎƻǳƴǘǊƛŜǎΩ ŎƛǊŎǳƭŀǊ ŜŎƻƴƻƳȅ 

strategies. These aim to minimize (or even eliminate) waste and pollution by improving 

efficiency and keeping products and materials in use. For construction, this encompasses 

everything from the design phase through building, usage and eventually deconstruction and 

recycling. 

However, the benefits of a circular approach go far beyond just the ecological. It can also bring 

significant social and economic gains. 

                                                           
1 Bravo-German, A.M.; Bravo-Gómez, I.D.; Mesa, J.A.; Maury-Ramírez, A. Mechanical Properties of 
Concrete Using Recycled Aggregates Obtained from Old Paving Stones. Sustainability 2021, 13, 3044. 
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Figure 7. Circular Economy benefits. Source: https://unctad.org/topic/trade-and-environment/circular-economy 

 

To achieve a more sustainable and circular building sector, several factors must be considered: 

o Rethink the entire supply chain. All suppliers prioritize circularity over linear 

approaches. 

o Consider the entire project life cycle. Analyse material and energy flows across the full 

lifetime of a construction project and optimize efficiency. 

o Create a collaborative ecosystem. Transformation can only be achieved by 

collaborating across the supply chain. Investors, designers and builders must create an 

ecosystem. 

o Enhance innovation. Innovation and R&D are the most potent enablers for circular 

models in construction. 

o Implement digital technologies. The use of digital technology allows working methods 

capable of integrating all the agents involved in the construction process: architects, 

engineers, builders, developers, facilities managers, etc., and establishes a flow of 

communication between them, generating a virtual model that contains all the 

information related to the building throughout its life cycle, from its initial conception, 

during its construction and throughout its useful life, until its demolition.  
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Figure 8. Circular Economy in Construction Sector. Source: https://www.eea.europa.eu/highlights/improving-
circular-economy-practices-in 
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2. BUILDING MATERIALS AND SUSTAINABILITY 

2.1. BUILDING MATERIAL 
The term building material refers to a raw material or, more often, a finished product used in 

the construction of buildings or civil engineering works. Building materials are the components 

of the constructional and architectural elements of a building or construction.  

Building materials are used in large quantities and must therefore be sourced from abundant 

and inexpensive raw materials. For this reason, most building materials are made from widely 

available materials such as sand, clay or stone. 

 

2.1.1. CLASSIFICATION 
Building materials can be classified into several groups:  

¶ Organic materials. These are raw materials of plant origin and some simple by-products 

of these. Among the most common are wood, rubber, bamboo and cork.  

¶ Stone materials. These are materials derived from naturally occurring stone and rock. 

These include sand, clay, gravel, marble, slate and limestone.  

¶ Binding materials. These are products made from or derived from binders. They bind 

fragments of materials together by simply mixing them with water. The most common 

are cement, plaster, lime and clay.  

¶ Metallic materials. These materials are of natural origin and are obtained through 

processes. Some products made from these materials are iron, copper, aluminium, steel 

and bronze. 

¶ Synthetic or plastic materials. These are derived from petroleum. They have a long 

durability, are light and very resistant to different temperatures. They include acrylic 

paint, PVC, waterproofing and acrylics.  

¶ Composite materials. These are the result of the combination of two or more materials 

in a single product and whose properties are much more complete or reinforced. These 

materials include concrete, artificial stone, laminated plaster, fibre cement and asphalt. 

 

2.1.2. PROPERTIES  
In order to use and combine building materials appropriately, designers must know their 

properties. Manufacturers must guarantee minimum requirements for their products, which are 

detailed in specification sheets. The various material properties include the following: 

¶ Density: ratio of mass to volume. 

¶ Hygroscopicity: capacity to absorb water. 

¶ Coefficient of expansion: size variation as a function of temperature. 

¶ Thermal conductivity: the ease with which a material allows heat to pass through. 
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¶ Mechanical strength: ability of materials to withstand stress. 

¶ Elasticity: capacity to recover the original shape when the stress disappears. 

¶ Plasticity: permanent deformation of a material under load or stress. 

¶ Stiffness: the resistance of a material to deformation. 

 

In addition, it is desirable that the manufacturing processes required are low energy consuming 

and not overly elaborate. Therefore, glass is considerably more expensive than bricks, both of 

which are made from such common raw materials as sand and clay, respectively. 

 

2.2. SUSTAINABILITY 
At this point, it is necessary to introduce the concept of sustainability. In short, sustainability 

consists of trying to minimise the number of resources used while maximising the creation of 

economic, social and environmental value, achieving a balance between the social, economic 

and environmental dimensions. 

it is important to differentiate between the concept of sustainability and the concept of 

sustainable development. from the concept of sustainable development, as it has been used as 

a simile on numerous occasions2. 

 

Figure 9. Sustainability. Source: freepik. 

 

The first explicit definition of sustainable development is found in the Report of the UN World 

Commission on Environment and Development (WCED), Our Common Future (1987). This 

                                                           
2 DƽƳŜȊΣ LΦ όнлнлύΦ ά5ŜǎŀǊǊƻƭƭƻ ǎƻǎǘŜƴƛōƭŜέΦ 9ŘƛǘƻǊƛŀƭ 9ƭŜŀǊƴƛƴƎΣ {Φ[ 
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document defines sustainable development as: "Development that meets the needs of the 

present without compromising the ability of future generations to meet their needs". 

If we look for more current definitions of sustainable development, today we find a multitude 

of them. As with any definition, and above all due to the great evolution that industry has 

undergone since then, this concept has evolved and has been adapted as much as possible. A 

very interesting definition is the one proposed by the IUCN, the United Nations Environment 

Programme (UNEP) and WWF in 1991: "Development that improves the quality of life while 

respecting the carrying capacity of the Earth".  
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3. LIFE CYCLE ASSESSMENT (LCA) 
A life cycle assessment (LCA), also known as cradle-to-grave analysis, environmental balance, 

ecological balance or life cycle assessment (LCA), is a design tool that investigates and assesses 

the environmental impacts of a product or service during all stages of its existence: extraction, 

production, distribution, use and end-of-life (reuse, recycling, recovery and disposal/disposal). 

LCA is therefore a methodology used to study the life cycle of a product and its production 

process in order to assess the potential environmental impact of a product, process or activity 

throughout its life cycle by quantifying the resource use ("inputs" such as energy, raw materials, 

water) and environmental emissions ("outputs" to air, water and soil) associated with the 

system under assessment. With the rise of eco-design, this approach has increasingly integrated 

different environmental impact assessment criteria and parameters.  

The objectives of Life Cycle Analysis are:  

¶  To provide information, as complete, objective and transparent as possible, on the 

interactions of the product, process or activity with the environment. 

¶ Contribute to the understanding of the environmental consequences caused by human 

activities. 

¶ Anticipate negative consequences of decision-making and enable the identification of 

opportunities for environmental improvements. 

¶ To facilitate constructive dialogue between different sectors of society concerned with 

environmental quality. 

STAGES OF THE PRODUCT LIFE CYCLE 

RAW 
MATERIAL 

EXTRACTION 

MANUFACTURING PACKAGING 
AND 

TRANSPORT 

USE AND 
MAINTENANCE 

RECYCLING OR 
DISPOSAL 

 

 

 

 

 

Figure 10. Stages of the product Life Cycle. Source: BIMgreen. 

 

3.1. PHASES OF THE LIFE CYCLE ASSESMENT OF A BUILDING 
Product stage (A1-A3): We start with the production of the product, from the extraction of raw 

materials to manufacturing and packaging. The impacts produced in transport to the factory and 

all the journeys necessary for production. This includes not only emissions into the atmosphere, 

but also energy consumption, discharge of liquids into water and waste generation. 

 -Raw material suppy (A1) 



 

Consellería de Cultura, Educación e Universidade, Centro Tecnológico del Mármol, Piedra y Materiales (CTM), 

Atenea, Akdeniz ¦ƴƛǾŜǊǎƛǘȅΣ /ƻƭŜƎƛǳƭ bŀǚƛƻƴŀƭ άCǊŀǘƛƛ .ǳȊŜǓǘƛέΣ {Ŏǳƻƭŀ 9ŘƛƭŜ tŀŘƻǾŀ 

 -Transport (A2) 

 -Manufacturing (A3) 

  

Construction process stage (A4-A5). The materials arrive on site from the factory at the product 

transport stage, we calculate the distances and the means of transport. Construction and 

installation then begin, which assesses impacts such as earthworks and demolition, waste and 

debris transported to landfill and the consumption of natural resources and energy. 

 - Transport (A4). 

 - Construction ς installation process (A5).  

 

Use stage (B1-B7): This phase assesses the impacts of those materials that are likely to be 

renewed over the lifetime of the building. It takes into account the use, maintenance, repair, 

replacement and refurbishment of the building. Also the use of energy and operational water, 

the impact of which will depend on the energy source and consumption value. 

 - Use (B1) 

 - Maintenance (B2) 

 - Repair (B3) 

 - Refubishment (B4) 

- Replacement (B5) 

- Operational energy use (B6) 

- Operational wáter use (B7) 

 

End of life stage (C1-C4): This stage marks the end of the useful life of the materials we use, 

from demolition and deconstruction. Of particular interest is material recovery and recycling, as 

well as waste management, which is even more important in this phase than in the construction 

phase. Hazardous materials such as asbestos are deposited underground. Finally, the final 

disposal of materials that cannot be returned to the value chain. 

- De-construction demolition (C1) 

- Transport (C2) 

- Waste processing (C3) 

- Disposal (C4) 

 

Potential for reuse, recovery and recycling (D). Those materials that can be put to a new use or 

recovered are returned to the cycle of use to become part of the raw material or end product. 
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A key analysis in the green economy and in the design of circular processes to establish 

maximum efficiency. 

 

3.2. LCA TYPES 
In view of the stages that make up the life cycle, it is common to find different scopes in the 

development of a LCA, the most common being3: 

¶ Gate to gate: this only considers the activities (production process) of the company to 

which it is applied.  

¶ Cradle to gate: it takes into consideration from the extraction and from the extraction 

and conditioning of raw materials to the company's production process. 

¶ Gate to grave: considers the company's production process and covers the waste 

management phase of the product. 

¶ Cradle to grave: studies from the packaging of raw materials to the final waste 

management (recycling or other). 

¶ Cradle to cradle: considers the entire life cycle of the product, from the packaging of the 

raw materials to the final waste management (recycling or other). from the packaging 

of raw materials until the product, after being out of use, is reintroduced into the 

market. out of use, is reintroduced into the same or another production process. 

 

3.3. ENVIRONMENTAL IMPACT.  
The Environmental Impact of a product has been mentioned above. Each phase of the life cycle 

of a construction product generates impacts on the environment.  

No product, even those claiming to be "green" or "eco-friendly", is totally environmentally 

neutral. This is because all products require raw materials and energy for their manufacture and 

transport, sometimes also for their use, and one day become waste, which has to be recycled or 

disposed of. All this generates more or less significant environmental impacts, and these impacts 

affect the quality of air, water and natural resources and human health. By studying the life cycle 

of a product and quantifying each of these impacts precisely, we can identify the factors that 

allow us to act to reduce them as much as possible.  

A product generates two main impacts on the environment. These impacts are:  

-Carbon Footprint. The Carbon Footprint, defined in a very general way, represents the amount 

of greenhouse gases emitted into the atmosphere from the production or consumption of goods 

                                                           
3 Haya, E. (2016). Análisis de Ciclo de Vida. 
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and services4,5 and is considered one of the most important tools for quantifying emissions of 

these gases.  

Greenhouse gases, as defined in the Kyoto protocol in 1997, form a permanent layer in the 

middle of the atmosphere that prevents all solar radiation that is returned by the earth from 

leaving, thereby causing the temperature under the layer to rise. 

The carbon footprint of a product or service is analysed throughout its entire life cycle. From the 

extraction of raw materials, processing, manufacturing, distribution, including use and end of 

life. 

 

 

Figure 11. Carbon footprint image. Source: www.klipartz.com 

 

-Water footprint. Like the carbon footprint, the water footprint is an environmental indicator 

that measures the volume of freshwater used throughout the production chain of a consumer 

                                                           
4 Pandey, D. M. Agrawal y J. Pandey. (2010). Carbon footprint: current methods of estimation. 

Environmental Monitoring and Assessment, 178(1-4), 135-160. 
 
5 Wiedmann, T. y J. Minx (2008). A Definition of Carbon Footprint In: C. C. Pertsova, Ecological Economics 

Research Trends, n. 1, p. 1-11, Nova Science Publishers, Hauppauge NY, USA. 



 

Consellería de Cultura, Educación e Universidade, Centro Tecnológico del Mármol, Piedra y Materiales (CTM), 

Atenea, Akdeniz ¦ƴƛǾŜǊǎƛǘȅΣ /ƻƭŜƎƛǳƭ bŀǚƛƻƴŀƭ άCǊŀǘƛƛ .ǳȊŜǓǘƛέΣ {Ŏǳƻƭŀ 9ŘƛƭŜ tŀŘƻǾŀ 

good or service. It can be used to calculate the water consumption of many things, from the 

production of a litre of milk to a harvest or a company. 

The water footprint concept was created in 2002 by Arjen Hoekstra while working at the 

UNESCO-IHE Institute for Water Education. Arjen subsequently founded the Water Footprint 

Network, which states that the water footprint consists of three elements depending on where 

the water comes from: 

 

Figure 12. Water footprint components. Source: www.greeneconomycoalition.org 

 

3.3.1. DEFINITION OF ENVIRONMENTAL IMPACT CATEGORIES 
The environmental impact categories represent the environmental impacts of interest to which 

the Life Cycle Impact Assessment (LCIA) results will be assigned. In other words, they are the 

environmental impacts for which results are desired. 

There are a multitude of environmental impact categories and the selection of one or the other 

will depend on the objective of the study, the target audience and the level of accuracy of the 

results required. 

In some cases, a substance contributes to several impact categories and should therefore be 

considered in all impact categories 
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The environmental impact is measured in functional units. The main purpose of the functional 

unit is to obtain a reference that allows the standardisation of LCA results related to material 

flows (input and output data) of the construction product and any other information, in order 

to produce data expressed on a common basis.  

The declared unit is used instead of the functional unit when the exact function of the product 

or the scenarios at building level are not established or unknown. 

EXAMPLE 

An element or set of elements, for example a brick, a window, etc. Therefore, defined as a unit 

of product where the dimensions must be specified: 

¶ Mass (kg), e.g., 1 kg of cement 

¶ Length (m), e.g., 1 m of pipe, 1 m of beam (where dimensions are to be specified) 

¶ Area (m²), e.g., 1 m² of wall element, 1 m² of roof element (dimensions to be specified) 

¶ Volume (m³), e.g., 1 m³ of timber, 1 m³ of ready-mixed concrete 
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 3.3.2. TYPES OF ENVIRONMENTAL IMPACT CATEGORIES 

 

 

Table 1. Types of environmental impact categories.  

Impact category / 
Indicator 

Unit Description 

Climate change ï total, fossil, 
biogenic and land use 

kg CO2-eq Indicator of potential global warming due to emissions of greenhouse gases to air. Divided into 3 
subcategories based on the emission source: (1) fossil resources, (2) bio-based resources and 
(3) land use change. 

Ozone depletion kg CFC-11-eq Indicator of emissions to air that cause the destruction of the stratospheric ozone layer 

Acidification kg mol H+ Indicator of the potential acidification of soils and water due to the release of gases such as 
nitrogen oxides and sulphur oxides 

Eutrophication ï freshwater kg PO4-eq indicator of the enrichment of the fresh water ecosystem with nutritional elements, due to the 
emission of nitrogen or phosphor containing compounds 

Eutrophication ï marine Kg N-eq Indicator of the enrichment of the marine ecosystem with nutritional elements, due to the 
emission of nitrogen containing compounds. 

Eutrophication ï terrestrial mol N-eq Indicator of the enrichment of the terrestrial ecosystem with nutritional elements, due to the 
emission of nitrogen containing compounds. 

Photochemical ozone formation kg NMVOC-eq Indicator of emissions of gases that affect the creation of photochemical ozone in the lower 
atmosphere (smog) catalysed by sunlight. 

Depletion of abiotic resources ï 
minerals and metals 

kg Sb-eq Indicator of the depletion of natural non-fossil resources. 

Depletion of abiotic resources ï 
fossil fuels 

MJ, net calorific value Indicator of the depletion of natural fossil fuel resources. 

Human toxicity ï cancer, non-cancer CTUh Impact on humans of toxic substances emitted to the environment. Divided into non-cancer and 
cancer related toxic substances. 

Eco-toxicity (freshwater) CTUe Impact on freshwater organisms of toxic substances emitted to the environment. 

Water use m3 world eq. deprived Indicator of the relative amount of water used, based on regionalized water scarcity factors. 

Land use Dimensionless Measure of the changes in soil quality (Biotic production, Erosion resistance, Mechanical 
filtration). 

Ionising radiation, human health kBq U-235 Damage to human health and ecosystems linked to the emissions of radionuclides. 

Particulate matter emissions Disease incidence Indicator of the potential incidence of disease due to particulate matter emissions. 
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4. ECO-LABELING. 

4.1. INTRODUCTION 
Ecolabelling is a method for evaluating and reducing the environmental impact of products. This 

environmental management tool provides numerous advantages such as: 

¶ It helps to sell by providing the eco-label differentiation from the competition and 

facilitates the entry into new markets according to the needs and expectations detected 

with its quality certificate.  

¶ It improves the reputation of the organisation and its brand image as it conveys a 

concern for environmental respect.  

¶ It reduces risks by using components with validity confirmed by the requirements of 

eco-labels. 

¶ It is compatible with other labels and certificates. 

¶ Provides consumers with accurate, science-based product information. 

It is a voluntary assessment process. 

¶  

Applying for the Ecolabel for a given product implies certification of compliance with certain 

environmental requirements that the product significantly improves its environmental aspects 

throughout its life cycle. 

We can distinguish between three types of labelling: 

Type I eco-labelling.  Type I ecolabels are environmental certifications that consider the life cycle 

of the product/service. They are third-party verified by a governmental or non-profit body. They 

are useful for consumer products and can use LCA to establish performance thresholds to be 

met for different product categories. 

Type II eco-labelling. These are claims on environmental information made by the manufacturer 

and therefore have low credibility. They provide information on only one environmental aspect 

and are usually visible on the product. 

Type III environmental declarations. Environmental declarations are made by third parties and 

are based on a standard. It is a quantitative declaration of environmental impact indicators. This 

type of eco-label provides objective information based on the Life Cycle Assessment of the 

product without going into assessments of whether the product is good or bad. 

The most notable of these types of eco-labelling are the environmental product declarations 

(EPD), which we look at in more detail in the following section. 
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4.2. ENVIRONMENTAL PRODUCT DECLARATION (EPD) 
The environmental product declaration is a voluntary statement that indicates qualified 

environmental aspects and data of a product. 

 

An EPD can therefore be classified as an "eco-label", although its main difference from the 

others is that an environmental product declaration does not define environmental 

requirements or minimum values to be met but shows the results of the LCA study carried out 

on the certified product in order to provide a picture of the product's environmental 

performance.  

 

Whether or not a product has an EPD does not make it environmentally better or worse than 

another product that does not have an EPD, as the purpose of an EPD is not to identify 

environmentally friendly products. Its main purpose is to provide information on the 

environmental performance of the product to allow comparison with other similar products.  

The environmental product declaration is a detailed report with technical information. Within 

the environmental impact assessment indicators provided in the EPD, we can distinguish 

between:  

¶ Environmental impacts: global warming potential (GWP), ozone depletion potential 

(ODP), acidification potential of sleep and water resources (AP), eutrophication 

potential (EP), tropospheric ozone formation potential (POPC), abiotic resource 

depletion potential for non-fossil resources (ADP-elements) and abiotic resource 

depletion potential for fossil resources (ADP-fossil fuels). 

¶ Resource use: renewable primary energy use, non-renewable primary energy use, 

secondary material use, renewable secondary fuel use, non-renewable secondary fuel 

use and net use of flowing water resources. 

¶ Waste category: landfilled hazardous waste, landfilled non-hazardous waste and 

landfilled radioactive waste. 

¶ Other output streams: components for reuse, materials for recycling, materials for 

energy recovery and exported energy. 
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4.2.1. EXAMPLE OF AN EPD 
There are currently several platforms where it is perfectly accessible and 100% free of charge to 

compile information related to Environmental Product Declarations (EPD). 

The example below (www.epddanmark.dk/media/0bwohaks/md-21099-en.pdf) is an example 

hosted on the environmental platform called EcoPlatform (https://www.eco-platform.org/epd-

data.html)  

 

Table 2. Environmental effects per product per m2. 

 

 

Table 3. Additional environmental effects per product per m2. 

http://www.epddanmark.dk/media/0bwohaks/md-21099-en.pdf
https://www.eco-platform.org/epd-data.html
https://www.eco-platform.org/epd-data.html
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Table 4. Resource consumption per product per m2. 

 

 

Table 5. Waste categories and output flows per product per m2. 

 

 

Table 6. Biogenic carbon content per product per m2. 
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5. EXAMPLE OF CALCULATION 
In this section we will show 2 examples for the calculation of the impacts of various materials, 

even with different degrees of difficulty. The main objective of the chapter is to provide teachers 

with calculation examples to assess their students' knowledge, as well as to have a more 

practical understanding of the calculation methodology used by the EcoBuild Serius Game, 

which is explained in the following chapter 6. 

 

EXAMPLE 1. 

The student is asked to add up the total CO2 emissions impact of a material over its entire life 

cycle (available phases in the EPD, in this case, phases A1 to A3). 

The example to be used could be an example of thermal insulation6 hosted on the environmental 

platform called EcoPlatform. Below, all the tables has been captured from the following web: 

https://epdireland.lca-data.com/datasetdetail/process.xhtml?uuid=f256594a-a7bf-4bbb-91d0-

65be256377c0&version=00.03.000&lang=en  

  

This would be the example of the initial data:  

1. Student has to find the CO2 emission of the mention EPD. (We have chosen a EPD with 

free phases, but it could be chosen other one with all the phases -from A1 to D-). 

Solution: 

 

 
 

Global warming potential (GWP). Kg CO2 equivalent / m2 (7). 

A1: 10,2 Kg CO2 equivalent / m2 

A2: 0,347 Kg CO2 equivalent / m2 

A3: 2,08 Kg CO2 equivalent / m2 

                                                           
6 EPD carried out by Mannok EPS for 6 different products: EPS 70, EPS 100, EPS 150, EPS 200, EPS Pearl 

70, EPS Pearl 100. https://www.igbc.ie/wp-content/uploads/2019/04/EPD-Mannok-EPS-2-04-19-EPDIE-

18-16.pdf  

7 It is necessary to identify the functional unit, in this case, m2. 

https://epdireland.lca-data.com/datasetdetail/process.xhtml?uuid=f256594a-a7bf-4bbb-91d0-65be256377c0&version=00.03.000&lang=en
https://epdireland.lca-data.com/datasetdetail/process.xhtml?uuid=f256594a-a7bf-4bbb-91d0-65be256377c0&version=00.03.000&lang=en
https://epdireland.lca-data.com/datasetdetail/process.xhtml?uuid=f256594a-a7bf-4bbb-91d0-65be256377c0&version=00.03.000&lang=en
https://epdireland.lca-data.com/resource/lciamethods/77e416eb-a363-4258-a04e-171d843a6460?format=html&version=00.01.000
https://www.igbc.ie/wp-content/uploads/2019/04/EPD-Mannok-EPS-2-04-19-EPDIE-18-16.pdf
https://www.igbc.ie/wp-content/uploads/2019/04/EPD-Mannok-EPS-2-04-19-EPDIE-18-16.pdf
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2. Students have to solve once they have located the data in the EPD. They should know 

how to add with decimals and small exponential numbers (P.e. 3 x 10-5 = 0,00003). 

Final solution: 

A1: 10,2 Kg CO2 equivalent / m2 10,200 

A2: 0,347 Kg CO2 equivalent / m2 0,347 

A3: 2,08 Kg CO2 equivalent / m2 2,080 

  12,627 

 

So, the total impact of CO2 emissions (phases A1 to A3) for this product is 12,627 Kg CO2 

equivalent / m2. 

 

 

EXAMPLE 2. 

The student is asked to add up the total Water Footprint impact of a wall over its entire life cycle 

(available phases in the EPD) with 3 layers: bricks, insulation and other layer of the same type of 

bricks. 

 

Figure 13. Example of image for exercise 2. Source: 
https://www.finnfoam.es/application/files/5916/0267/3855/Aislamiento-muros-interior.png 

https://www.finnfoam.es/application/files/5916/0267/3855/Aislamiento-muros-interior.png
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The following EPDs are provided in the exercise statement: 

EPD of brick8:  GlobalEPD_008_004_ESP.pdf (aenor.com) 

EPD of insulation9: 

https://epdireland.lca-data.com/datasetdetail/process.xhtml?uuid=f256594a-a7bf-4bbb-91d0-

65be256377c0&version=00.03.000&lang=en 

Dimension of a brick (M = 1,4 Kg)10: 

                                                                             Width                 High (h)        Length (l)  

Dimensions of Exposed-face ceramic bricks (meters)        0,07                  0,115            0,24 

 

 

1. Firstly, they have to find the available data for Water Footprint in those EPD. 

Solution: 

In this case, it is important to have the same functional unit and the sum for the same phases: 

 

Brick. Water Footprint (m3/tons). Available phases: A1-A5, B1-B4, B6-B7, C2-C4. Functional 

unit: tons. 

 

 
 

Insulation: Water Footprint (m3/m2). Available phases: A1-A3. Functional unit: m2. 

 

 

                                                           
8 [ŀŘǊƛƭƭƻǎ ŎŜǊłƳƛŎƻǎ ŎŀǊŀ ǾƛǎǘŀΦ tƛŜȊŀ ά¦έ ǎŜƎǵƴ ƭŀ bƻǊƳŀ ¦b9-EN 771-1. 
Translation into English: Exposed-face ceramic bricks. Piece "U" according to the UNE-EN 771-1 Standard). 
9 We have used the same EPD of exercise 1. 
10 Dimension of a brick. https://bricksnz.co.nz/whats-available-from-nz-suppliers/ 

https://www.aenor.com/Producto_DAP_pdf/GlobalEPD_008_004_ESP.pdf
https://epdireland.lca-data.com/datasetdetail/process.xhtml?uuid=f256594a-a7bf-4bbb-91d0-65be256377c0&version=00.03.000&lang=en
https://epdireland.lca-data.com/datasetdetail/process.xhtml?uuid=f256594a-a7bf-4bbb-91d0-65be256377c0&version=00.03.000&lang=en
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On one site, due to different functional units, EPD data of bricks have to be transformed the 

data from tons to m2. For that, it is available this formula in the EPD: 

 

Figure 14. Formula to transform the units from 1 tonne of bricks to 1 m2 of bricks. Source: Exposed-face ceramic 
bricks. Piece "U" according to the UNE-EN 771-1 Standard.11 

 

On the other hand, due to different functional units, EPD common available is from A1 to A3, so 

we will only sum those phases. In conclusion: 

Bricks: Fresh Water (FW). m3 / tons 

A1: 9,03 Fresh Water (FW). m3 / tons 

A2: 1,50 Fresh Water (FW). m3 / tons 

A3: 0,234 Fresh Water (FW). m3 / tons 

 

Insulation: Fresh Water (FW). m3 / m2 

A1: 0,00245 Fresh Water (FW). m3 / m2 

A2: 0,000315 Fresh Water (FW). m3 / m2 

A3: 0,00327 Fresh Water (FW). m3 / m2 

 

In order to sum, we would need to change functional units of the brick using the formula of the 

Figure 14. Another required data is the dimension of a brick: 

                                                                         Width           High (h)       Length (l)  

Dimensions of Exposed-face ceramic bricks (meters)   0,07            0,115           0,24 

 

                                                           
11 This is the translation into English of the image: To transform the functional unit of one tonne of face 
brick into one square metre of facing bricks to one square metre of unprotected masonry of unprotected 
masonry, the following conversion factor can be used the following conversion factor can be used. 

M: mass of the part in kg. 
l: length dimension of the part in m. 
h: height dimension of the part in m. 

https://epdireland.lca-data.com/resource/lciamethods/77e416eb-a363-4258-a04e-171d843a6460?format=html&version=00.01.000
https://epdireland.lca-data.com/resource/lciamethods/77e416eb-a363-4258-a04e-171d843a6460?format=html&version=00.01.000
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So, if we resolve the formula: 

#ÏÅÆÆÉÃÉÅÎÔ
ρȟτ ρπ

πȟρρυπȟπρ πȟςτπȢπρ
πȟπττψ 

 

Now, we have to multiply by the coefficient. Bricks: Fresh Water (FW). m3 / m2 

A1: 9,03 x 0,0448 Fresh Water (FW). m3 / m2 

A2: 1,50 x 0,0448 Fresh Water (FW). m3 / m2 

A3: 0,234 x 0,0448 Fresh Water (FW). m3 / m2 

 

In conclusion: 

A1: 0,405 Fresh Water (FW). m3 / m2 

A2: 0,0672 Fresh Water (FW). m3 / m2 

A3: 0,0105 Fresh Water (FW). m3 / m2 

Final Solution: 

Once these calculations have been made, to obtain the final result, we would have to add for 

each square metre the construction elements of the wall: 1 layer of facing brick + 1 layer of 

insulation + another layer of facing brick. 

BRICKS. Layer 1 (exterior layer)   

A1: Fresh Water (FW). m3 / m2 0,405 

A2: Fresh Water (FW). m3 / m2 0,0672 

A3: Fresh Water (FW). m3 / m2 0,0105 

  0,4827 

 

Insulation   

A1: Fresh Water (FW). m3 / m2 0,00245 

A2: Fresh Water (FW). m3 / m2 0,000315 

A3: Fresh Water (FW). m3 / m2 0,00327 

  0,006035 

 

BRICKS. Layer 2 (interior layer)   

A1: Fresh Water (FW). m3 / m2 0,405 

A2: Fresh Water (FW). m3 / m2 0,0672 

A3: Fresh Water (FW). m3 / m2 0,0105 

  0,4827 

https://epdireland.lca-data.com/resource/lciamethods/77e416eb-a363-4258-a04e-171d843a6460?format=html&version=00.01.000
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TOTAL SUM     

TOTAL A1: Fresh Water (FW). m3 / m2 0,81245   

TOTAL A2: Fresh Water (FW). m3 / m3 0,134715   

TOTAL A3: Fresh Water (FW). m3 / m4 0,02427   

  0,971435 m3 / m2 
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6. TUTORIAL OF THE EcoBuild TOOL. 
EcoBuild Serious Game is a game consisting of a series of sequential challenges in which players 

must build, restore or rebuild a house as efficiently as possible, incorporating new materials and 

construction methods. 

The objective is for students to learn how to develop buildings that meet efficiency goals, with 

lower CO2eq consumption, control of material quantities used, use of recyclable materials, etc. 

On the main page, there are several tabs where you can change the game options: 

 

 

Figure 15. Main Page. 

 

In the options tab you can change the screen resolution, as follow: 
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Figure 16. Options menu. 

 

Figure 17. Type of screen resolutions. 

 

There is also a tab to display a tutorial view explaining each of the game's functionalities: 
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Figure 18. Tutorial menu. 

 

Figure 19.The construction menu tutorial. 
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Figure 20. Total indicator values. Tutorial. 

 

Figure 21. Information I. Tutorial. 
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Figure 22. Information II. Tutorial. 

 

Figure 23. Information III. Tutorial. 

 

When we back to the main menu, it is possible to select the start playing tab which brings up a 

main menu with each of the game's levels, as it can see in the following picture: 
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Figure 24. Start building. 

 

Figure 25. Selection of different levels. 

 

It is not possible to choose other levels if you are a beginner user, so you should complete each 

one in order to access to the next level of difficulty. 
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Figure 26. Step 1. External Walls. 

 

Once the first level has been accessed, it is possible to view a tutorial on how to play the game. 

 

 

Figure 27. Tutorial of Step 1. 

 

By selecting the first level tab, we enter the game where a screen with different information 

appears: 
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Figure 28. Initial image of the main scenario of Ecobuild Game. 

 

With the mouse you can change the viewing perspective of the game. By rotating the image 

with the right mouse button and zooming in and out with the mouse wheel: 

 

APPROACH/ALLOW            TURN 

    

Figure 29. Controls. Source: Pixabay. 

 

In addition, the interface features several icons, where you can know the meaning of all of them 

when you move the mouse close to each icon, if you hold it still, the explanatory text will appear 

in a short time.: 
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Figure 30. Return button to correct mistakes. 

 

Figure 31. Take screenshot button. 

 

In the upper right area, we find environmental indicators in several icons displayed in a vertical 

column. They show the accumulation of these environmental impacts as we progress in the 

design and drawing of our 3D building.  

Panel of environmental indicators: 

o Embedded energy. 
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o Water footprint. 

o Recyclability. 

o Amount of CO2. 

 

 

Figure 32. Environmental indicators panel. 

 

Figure 33. Get info button. 
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Figure 34. Erase button. 

 

To start the game, select the start building icon: 

 

Figure 35. Start building icon. 

 

Once pressed, a menu is displayed to select the element to build (foundation or exterior wall). 

The first step will be to draw the foundation: 
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Figure 36. Foundation button. 

 

As it can be watched in the following image, the foundations are laid, so now it is possible to 

continue with the walls. As on a real construction site, the order in the drawing of the different 

materials is also important. 

 

 

Figure 37. Selection of walls button. 
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The game presents several options for the selection of outside walls. It is also important to follow 

a logical order in the drawing of walls (as can also be the case for other elements such as roofs), 

where the structure supporting the wall should be drawn first, followed by other elements such 

as thermal insulation, other cladding layers and final surface finishes. 

 

   

Figure 38.Selection of different characteristics of walls (I). 

 

  

Figure 39. Selection of different characteristics of walls (II). 

 

Depending on the material and thickness selected, the set displays different environmental 

levels. These are not real values, but proportional values that help the student to compare 

different materials: 
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Figure 40. Proportional environmental levels  

 

 

Figure 41. Starting to draw the structure of a wall. 
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Figure 42. Structure completed. 

 

The insulation material is selected in the following images after finishing the structure of the 

wall. 

 

  

Figure 43. Selection of the insulation. 
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Figure 44. Selection of the thickness of the insulation. 

 

 

Figure 45. Drawing the insulation. 
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Figure 46. Insulation completed. 

 

Later, the material of the inside layer is selected: 

  

Figure 47. Selection of the inside layer (I). 
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Figure 48. Selection of the inside layer (II). 

 

 

Figure 49. Finalisation of interior layer. 

 

While drawing the building, as discussed above, it is possible to observe the different 

proportions of environmental level assigned to each material, as well as the total sum of 

environmental impacts accumulated so far in the drawn building. 
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Figure 50. Total sum of environmental impacts accumulated so far. 

 

Finally, the outside layer is selected: 

  

Figure 51. Selection of outside layer (I). 
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Figure 52. Selection of outside layer (II). 

 

Finally, once the drawing of the outer face is finished, this level one would be passed, and the 

next level would be unlocked. 

However, before starting with the drawing of step 2, it is advisable to carry out an analysis and 

reflection of the data obtained with the support of the teacher, observing in which materials the 

greatest environmental impacts have been produced and thinking about how to reduce them 

by choosing other materials. 
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Figure 53. Other example of building. 

 

And so on through the rest of the levels of the game until the whole building is completed is 

the methodology used for the EcoBuild Serious Game. 

For example, once the first level is built, you move on to the next level of the game: 


