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Abstract. The province of Tungurahua in Ecuador has a participation of 76% at 
the national level within the leather production chain with the production of raw 
materials, these are used in the manufacture of 80% of footwear in the country.  
These production processes generate environmental problems, the greatest 
impact being on the water, due to the dumping of liquid waste with chemical 
contents in rivers, this generates bad odors, gases, smoke and polluting solid 
waste from this process.  According to data from tanneries, approximately 88% 
of the raw material is transformed, while the remaining 12% is considered as 
waste (leather trimmings), which are used in other manufacturing processes 
(footwear, textile industry, leather goods and others), the chip obtained from the 
process is compressed and discarded.  As a preventive action, a process is 
proposed to generate new products through the use of waste obtained from 
leather processing.  The design methodology is the Double Diamond: discover, 
define, develop and deliver a new product that reuses this waste, a block of 
dimensions 150 x 75 x 5 mm and 300 grams of weight was obtained, which can 
be applied in the sector of construction and allow the transition from a linear 
production process to a circular process. 
 
Keywords: strategic design, solid waste, new products, leather industry, leather 
industry. 

 
1. Introduction 
 

The current production paradigm is mainly based on the linear economy, i.e., 
"take, make and dispose"; however, the circular economy also considers the recovery 
phase and some industries are currently implementing these processes. The province 
of Tungurahua has a large participation within the leather production chain, with 76% 
[1] in the production of tanned hides at the national level that are used as raw material 
for the manufacture of 80% of footwear in the country and other uses.   

The production processes of tanneries generate environmental problems, with a 
greater impact on water due to the dumping of liquid waste containing chemicals in 
streams and rivers, generating bad odors, gases, smoke and solid waste as pollutants 
from this process. The manufacturing sector in Ecuador has a 13% share of GDP [2] 
and is made up of 24 subsectors according to the Expanded Classification of Economic 
Activities (ISIC). Subsector C15 - Manufacture of leather and related products, has as 
its main economic activities [3]: 

ü Production of footwear, boots and similar articles.  
ü Manufacture of artificial leather (regenerated), chamois and 

parchment leathers, patent and metallized leathers.   
ü Activities of fleshing, shearing, shearing, depilation, fatliquoring, 

tanning, bleaching, dyeing, dressing of skins and leathers of fine skins and 
leathers with hair on.   

ü Manufacture of suitcases, backpacks, handbags and other similar 
articles. 
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According to the Coordinating Ministry of Production, Employment, and 

Competitiveness, the textile and leather intermediate and final industries (IIF) 
generate a greater contribution to this industry, with a 75.6% share in the province 
of Tungurahua in handicraft, tanning, leather, and footwear activities. 

The leather tanning process is important for obtaining raw material for 
manufacturing products. Consumers perceive leather as a natural material and 
associate it with sustainability, so the leather industry will adopt sustainable criteria 
by implementing circular processes, orange economy, and others in its industries. The 
use of tanned leather is destined for the production of some products worldwide, being 
used for the manufacture of furniture, accessories, clothing and others. The key areas 
in leather production are: resources (hides/skins, chemicals, water, energy), 
emissions generated during the production process (solid, liquid and gaseous waste), 
quality and attractiveness of the final product (durability) and use of the product after 
its useful life [4]. 

Considering that Ecuador processes more than 350,000 hides per year 
approximately, an estimated 1,500 tons of leather shavings are generated annually 
and destined for landfills. Several alternatives have been proposed for the valorization 
of leather shavings, the most used is directly as an adsorbent of: dyes, motor oils, 
chromium and arsenic present in wastewater; as well as in reinforcement of composite 
materials with polymeric matrices of rubber, polyvinyl chloride, polyvinyl pyrrolidone 
and polyvinyl alcohol (PVA) [5]. 

It has been shown that one of the viable methods for utilization of chromium-
containing leather solid waste resources has been to obtain materials for electrostatic 
flocking, regenerated leather, adsorbents and construction materials through simple 
treatment steps without dechroming [6].   

In Bangladesh they are using the chip from the debinding process through clay 
stabilization processes to obtain bricks. For sustainable industrial production they 
have ensured the mechanical properties of bricks as building materials, in addition, 
their manufacturing process is energy efficient compared to conventional processes. 
They have manufactured with different percentages of chip composition (10%, 20%, 
30% and 40% in dry weight) in controlled laboratories and in the field, has met all 
the properties required by a building material such as strength, water absorption, 
shrinkage, weight loss on ignition and bulk density. The bricks with incorporated chips 
obtained a compressive strength ranging from 10.98 MPa to 29.61 MPa, with water 
absorption ranging from 7.2% to 20.9%, and met the established ASTM standards for 
construction materials [7], [8].   

The tanneries in Tungurahua do not currently have circular processes that allow 
for the use of the waste obtained from the leather trimming process; therefore, the 
final destination is the landfill in the city of Ambato in Chachoán. Only about 50-55% 
of the collagen actually ends up as finished leather, so tanneries generate large 
amounts of solid waste. In fact, the utilization and/or disposal of solid waste is today 
one of the most difficult challenges [4]. The goal of a sustainable strategy is, as much 
as possible, to produce no waste and to convert any potential waste into an effective 
and valuable product. Therefore, it is important that the waste does not contain 
chemicals of concern, they would only limit its further use. 

Within the objectives of tanneries is to have lower water consumption, better 
absorption of chemicals, decrease the use of hazardous and/or banned substances 
(Substances of Very High Concern, SVHC), improve the quality/reuse of solid waste 
and reduced content of specific pollutants such as heavy metals and electrolytes 
contained in them for their processes [4]. 

Through the application of strategic design can be obtained the planning of new 
products and services that reduce waste, reuse waste generated in the industry and 
through strategies minimize negative impacts on sustainability, to provide benefits 
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for both the economic, social and environmental sector, by extracting the maximum 
value from raw materials, products and waste; promoting energy savings and 
reduction of greenhouse gas emissions [9]. 

To address this problem, using strategic design and user-centered 
methodologies, problems or opportunities can be discovered to generate proposals 
for new products that use waste, reincorporating it into the production chain, which 
allows moving from a linear production model to a circular one, helping to reduce 
environmental pollution.  

 
2. Literature Review 
 

Waste management and strategic design 
  

Design methodologies emphasize the importance of investigating user needs and 
understanding the situation in which a product can be generated or improved. 
Strategic design through the application of criteria is relevant; design is a complex 
activity, and failure to consider new strategies that propose the creation or 
improvement of these processes can be costly in terms of time, people and money 
for companies [10], [11], [12], [13], [14]. 

The disposal of solid waste helps to achieve sustainability objectives, the reuse 
of leather shavings produced in the trimming process is an opportunity that can be 
presented through the application of strategic design, in which the design process can 
start from an initiative of the company originated in a detected opportunity (solid 
waste) or as a result of a proposal of the designer that includes a concept of innovation 
and product that is interesting for the context and the environment, generating a 
circular system where the result is the obtaining of a strategic object that proposes 
values, anticipates the needs of the consumer and is environmentally friendly [15], 
[16]. 

The amount of solid waste generated will depend on some variants such as the 
raw material processed (heavy skins, very fatty skins and light skins), differences in 
the tanning process and substantial variations in the water content in the waste. 
Commitment to tannery management is a prerequisite for good environmental 
performance. Technology alone is not enough; it is accompanied by good 
housekeeping measures. A key to good performance is awareness of the inputs and 
outputs of the process with respect to material characteristics, quantities and their 
potential environmental impacts.  

Taking into account the criteria that guarantee better environmental 
performance, as well as the technological criteria that focus the properties of the final 
product. In addition, pollution will maintain a bearable level with a reduction of spills, 
accidents, water waste and chemical use. This can be achieved by choosing 
appropriate techniques, good maintenance and control of the operation, by monitoring 
and adjusting process parameters, and good training of personnel [4]. 

Solid waste management is currently one of the most difficult tasks in 
environmental management: an established method of reuse and/or disposal may 
become unfeasible in the short term, either due to changes in regulations or for 
commercial reasons. The image of solid waste handling in a tannery is a reflection of 
the company's competence, responsibility and social and environmental commitment. 
The leather tanning industry is considered an economic activity for the province of 
Tungurahua that contributes directly to the leather and footwear cluster. This process 
at a general level produces by-products that have contributed to the environmental 
footprint, as part of the tanning process it generates large volumes of liquid effluents 
and solid waste, specifically in what has to do with rawhide trimmings, fleshings, 
keratin waste, polishing powders and post - tanning leather shavings [5]. 
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The discipline of Design in recent years has been transforming and evolving 
according to the new challenges of the environment and context. In recent decades, 
designing with the user in mind and involving sustainability in product development 
(PD) has generated new design currents [17]. Strategic design management can be 
considered as an integrated network that does not require a certain sequence and 
needs the interactivity of some important aspects such as [18]: 

 
ü Idea: temporary formulation of the product program. 
ü Preliminary analysis regarding the company, market, society, product 

sustainability, professional management and project feasibility. 
ü Strategic objectives of the project: thematic goals and structure of the 

objectives. 
ü Results to be obtained. 
ü Project communication. 

 
For the development of new products and design ideas, they will not be accepted 

or rejected without first being subjected to a verification analysis. In this way, they 
are considered as temporary and although they can be withdrawn, they can give rise 
to others, by analogy or contraposition [15]. It is beneficial to discard within the initial 
idea, the concept and eventually the prefiguration of the object, which may or may 
not be present. Once the idea has been deepened, it is important to define and 
evaluate the concept of the product in all the aspects prioritized in the proposal [15]. 
The prefiguration is part of the design process, it constitutes a pre-design and 
suggests a materialized solution of the object, in addition, it allows the evaluation of 
the product proposal. 

The sustainability of the product is considered as an unavoidable condition for 
the social responsibility of both the design and the company, so that there is a 
concordance between the economic system, the social and the environment, so it will 
be part of the aspects to be considered in the new project. Although sustainable 
development may face a conflict of interests due to the need for expansion of the 
economy of emerging and developed countries and, on the other hand, the aspiration 
of a large part of society to preserve the environment. The low industrial development 
of the peripheral regions can be taken as an opportunity to develop policies to control 
environmental pollution, but on the other hand, the globalization of business, 
production and marketing inexorably transfers the interests of the central countries 
to the peripheral ones. 

The identification and sizing of trends in inputs, processes, human capacities, 
impact on the environment, technology and innovation are the challenges that 
Ecuador faces in meeting the goals. Therefore, it cannot fail to recognize that cultural 
and social phenomena determine the change in consumption habits and behavior of 
human beings, i.e. the SDGs are a macro trend in the medium and long term, directly 
related to economic, social and political factors that will influence lifestyle and 
consumption decisions.  

Macrotrends such as the incorporation of the Sustainable Development Goals, 
specifically goal 12: Responsible Production and Consumption invites companies in 
general to the efficient management of shared natural resources and the way they 
eliminate toxic and polluting waste, industries, businesses and consumers are called 
to reduce, reuse and recycle waste generated in these processes to achieve 
sustainable patterns of consumption by 2030, there is less than a decade to achieve 
this goal, it is important that industries reduce their ecological footprint through 
changes in production processes and consumption of goods and services [19]. 
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3. Data and Methodology 
 

The R + D + i (research, development and innovation) is a tool that allows the 
application of sustainable design in a comprehensive manner, where its principles are 
the harmony between the economic, social and environmental sectors without 
compromising the needs of future generations, also considering those of the present, 
it is directly linked to the achievement of the SDGs.  Moreover, design has evolved 
and now allows consumers to interact directly with what they feel, what they want 
and need. The personalization of products, spaces and services are becoming short-, 
medium- and long-term trends. 

 
Design Methodology: double diamond 

 
In the field of user experience (UX) for product development, new concepts 

must be taken into account. Synthesizing and organizing all this new terminology has 
led to the development of new design methodologies. Concepts such as: Design 
Thinking, Design Process, Double Diamond Method, Simplex Method of Creative 
Problem Solving and the different phases of the UX process, have been formed with 
similar elements. In the different stages, each one has its particularity, but all of them 
can overlap each other is, the same path, i.e. all design disciplines share the same 
creative process.   

 
Fig. 1. Stages of the double diamond methodology. The methodological proposal is 

represented with two diamonds (rhombuses), where the first one symbolizes the Creative 
process, composed of two stages "Discover and Define", and the second one the Prototyping 

process, composed of two stages "Develop and Deliver". 
Source: Wuth P., Negrete S., Guevara G., & Hojman A. [20] 

 
Each specialization in design has different approaches and ways of working, the 

Double Diamond methodology is considered as a simple visual map of the design 
process for the development of a product and / or service [21]. It is based on the 
initial divergence of thought that investigates several ideas and different points of 
view and the subsequent convergence of this, as the process progresses, the best 
findings or solutions that respond to the challenge to be addressed must be selected. 

By means of the Strategic Design, the types of waste that are obtained in a 
tanning process were identified: skin trimmings, raw meat, shavings, leather sanding 
and sludge. Of these, shavings were selected because of their environmental impact 
due to their chemical composition (chromium) and because they reduce the volume 
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of waste in Ambato's landfills. Applying the Double Diamond methodology, a new 
product has been developed with functional, technical and aesthetic attributes that 
can be used in the construction sector due to its high growth and innovation in designs 
and materials. 

 
4. Results 

 
Sustainable design allows the interaction and harmony of the social, economic 

and environmental sectors, obtaining a new product that meets and satisfies the 
proposed methodology becomes a challenge. Elaborating the concept of the prototype 
will comply with specific characteristics such as the reuse of waste from the leather 
trimming process of tanneries, environmentally friendly, that will boost the local 
economy, will comply with technical characteristics, functionality and that will be 
aesthetically attractive to the consumer, makes it possible to become an integral 
product (insight) that harmonizes each of the needs through the proposed strategic 
design methodology. 

The solid residue coming from leather lowering process has a highly organized 
structure in the form of fibers ∅ = 100 nm, which are in parallel and very close 
together, have a significant protein percentage of 78.64 - 78.00% and trivalent 
chromium of 3 - 3.3% [22]. The same that according to several toxicity manuals do 
not represent a potential risk, when inhaled or ingested; however, it is necessary to 
mention that this residue has a possibility of oxidation from CrIII (chromium 3) to 
CrVI (chromium 6). Acid rain can leach CrIII-containing waste from landfills causing 
possible oxidation; another possibility of oxidation is by air over a wide pH range. 
According to Gibbs free energy law, spontaneous oxidation can occur in an acidic or 
alkaline medium [22], where they mention the possibility of oxidation of CrIII to CrVI, 
but they have not performed experimental tests to confirm this hypothesis. In the 
thermal field, for there to be an oxidation of CrIII to CrVI, the temperature must be 
greater than or equal to 850°C [23], this data is very important and thermal tests 
must be considered. 

In Ecuador, the construction sector in 2019 was the fifth sector with the highest 
representation in the country's GDP (8.17%) and had a foreign investment of more 
than 69 million dollars, generating work for more than 480,000 people - between 
suitable and unsuitable employment (Ekos CEO Panel, 2020). Bangladesh is currently 
using the chip from the debinding process through clay stabilization processes to 
obtain bricks. For sustainable industrial production they have ensured the mechanical 
properties of bricks as building materials, in addition, their manufacturing process is 
energy efficient compared to conventional processes [24].  At present, there are 
materials that have a neutral pH and can be used for these processes. 

 
 
 
 
 
 
 
 
 

 
Fig. 2. Analysis for the development of the new product.  

Strategies such as culture, value chain and possible results to be expected are analyzed. In 
addition, sketches were made in order to conceive the idea in an adequate and concise 

manner, and later study prototypes to verify the feasibility of the design. 
 

waste stabilizing 
materials 

building 
products 
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 We obtain the block built with stabilizing material, which allows to confine inside 
it the shavings from the leather deburring process so that the residue does not come 
out on the surface. The characteristics are determined and fixed by the composition 
of the block. With the selected option, Chrome content tests will be carried out. For 
the application of the prototype to confine the chips inside the block and by the 
physical-chemical characteristics can propose its use for indoor and outdoor spaces. 

 

 
 

Fig. 3. Technical data sheet of the proposal. The characteristics of the final prototype are 
described in relation to cost, composition, weight, dimensions and amount of CrIII. 

 

 
 

Fig. 4. (a) Computer model of the block. Modeling of the selected morphology with the aid of 
CAD software (2D). 
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Fig. 4. (b) Computer model of the block. Extrusion process of the selected morphology (3D). 
 
 
 
 

 
 

Fig. 5. Rendering of the prototypes of the block with materials 
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Fig. 6. (a) Proposed application of the block. Application of the prototype in the interior design 
of shop windows. 

 
 

 
 

Fig. 7. (b) Proposed application of the block. Application of the prototype in the Interior Design 
of houses. 
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Product stacking tests were carried out and the results were sent to the 

ENVIRONOLAB laboratory to test the chromium content in the final product. The Cr 
values obtained for the long chip samples were 0.74 mg/kg. The maximum 
permissible limit for heavy metal extraction on a dry basis (acid digestion) for total 
chromium is 3000 mg/kg. The Double Diamond process can have variations and 
depends on the role or project. There are two possible uses for the obtained blocks, 
the first one is the application in commercial display windows and the other one is for 
applications in living or waiting rooms, as an option for professionals in Interior 
Design. 

With the development of this new product, it is estimated to avoid approximately 
120 tons per year of shavings from the leather trimming process of a single tannery. 
It should be considered that annually in Ecuador this process is estimated to produce 
more than 1,500 tons of this waste, which are deposited in dumps and landfills of the 
cities, causing leachates that cause damage to the environment. 
 
5. Conclusion 

 
The theoretical foundation allows us to affirm that Strategic Design relates 

concepts and languages of design and companies, to achieve through an interactive 
action the realization of projects, where they define the priority objectives and 
available resources to respond to the new contexts and problems they present. The 
generation of waste (solid, liquid and gaseous) in tanneries generates environmental 
impacts that have not been mitigated. A Strategic Design model allows analyzing and 
proposing circular processes within tanneries to obtain new products from the use of 
these wastes. 

By means of the Strategic Design model, the types of waste that are obtained in 
a tanning process were identified: skin trimmings, raw meat, shavings, leather 
sanding and sludge. Of these, shavings should be selected because of their 
environmental impact due to their chemical composition (chromium) and because 
they reduce the volume of waste in the city's landfills. This waste is the raw material 
for generating new products, reinserting these wastes back into the production chain 
and preventing them from ending up in the city's landfills, thus reducing the 
environmental impacts that they can generate when discarded. 

A new product has been developed with functional, technical and aesthetic 
attributes that can be used in the construction sector due to its high growth and 
innovation in designs and materials. A product was obtained that confined the chip in 
its interior with a chromium content of 0.74 mg/kg, weight of 300 grams, modular 
and aesthetically attractive to the user. The weighted cost is 43.29 USD which makes 
it competitive in the market with respect to the price offered for 3d panels used for 
the design of spaces that range from 30 to 60 USD/m2. 

The Strategic Design Model developed is a contribution to the macro trend of 
achieving the SDGs, specifically goal 12, in which through the convergent and 
divergent phases have identified a problem, defined the solution, developed and 
delivered a new product that responds to the management of waste (shavings) 
generated in the tanning industry to mitigate the negative effects on the environment.  

The application of the Double Diamond Methodology allows the interaction of 
actors that form a network between academia (researchers), decentralized 
autonomous governments, industry and the construction sector, who are the 
appropriate ones to jointly develop research projects that contribute positively to 
society in general with social responsibility. 

 
 
 



©ICS. Journal of Digital Science, ISSN 2686-8296, Vol.3, Iss. 2, December 2021 
104 

6. Recommendations and Future research lines 
 

It is recommended that mechanical strength and water absorption tests be 
performed on the new product to determine if the confinement of the chip inside the 
product does not allow chromium leaching under aqueous conditions. In addition, a 
hydrolysis process can be added for the chip, which will allow the total removal of 
CrIII. 

The Double Diamond Methodology can be used for the generation of new 
products and services that allow diversifying its use and help the reuse of waste from 
the leather trimming process. In addition, further research is suggested to determine 
whether the block can contribute as an acoustic or thermal insulator in its final use. 

At the governmental level, incentives can be developed through public policies 
for companies that reuse their waste to obtain new products, as is done in other 
countries around the world. 
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