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Abstract: The Colombian government selected the “Fashion System” as one of the world-class industrial sectors to 
develop. The apparel subsector, in spite of being one of the most promising in the country, still has product 
development deficiencies that hinder its the ability to create value, to react quickly to the market, to compete in a 
sustainable, flexible and diversified manner, and to embrace global trends. For all the above Lean Product 
Development (LPD) may be of great help. This paper presents the development of a methodology to implement 
LPD in apparel companies. This methodology has been employed in Small or Medium sized Enterprises (SMEs) and 
incorporates concepts of integrated management systems, eco-design and macroergonomics. The use of Integrated 
Management System concepts allowed applying risk management in the design of the product development system, 
aligning it to company strategy and taking into account the customer, the environment and the safety and health 
aspects (EHS). Concepts of eco-design are used to allow a better management of the entire life cycle, even 
influencing customer behavior after the sale. Additionally, the use of lean helps to reduce waste, contributing to a 
more reasonable use of resources. Lessons learned about how to manage the enterprises and undergraduates 
participation during the research and in the generation of intellectual production are also shared. 
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1. Introduction 

The Colombian government chose the apparel industry as 
part of one of the key subsectors to develop to a world-
class level and commissioned a study to improve it 
(McKinsey & Co, 2009). The study pointed out the need 
to develop the skills required to compete with 
international brands, diversify markets and connect in a 
responsive, quick, flexible and efficient way to 
international trends as the reduction of products’ life 
cycles. One of the challenges is also the development of 
social, environmental and entrepreneurially responsible 
products and the importance of ethical issues. In response 
to all of the above, LPD arises as an alternative, because it 
contributes to reduce waste and increases the capacity for 
generating value, flexibility, speed, and product variety.  

LPD was created for the automotive sector; we present an 
adaptation of LPD for the apparel sector. This adaptation 
was applied in three SMEs, Equilibra in 2011, Croquis 
starting in 2012 and Colfactory since 2013. The research 
project has been coordinated by Diana Barón and it has 
had Leonardo Rivera, Mauricio Caro, Angela Venegas, 
Daniela Arciniegas, Erika Córdoba, German Fontecha, 
Ingrid Perdomo, Juliana Padilla, Juan Ossa, Luis Orejuela 
Torres and Margarita Yepes as key players during the 

project.  

In section 2 some background about previous related 
works is presented. Section 3 explains the methodology to 
implement LPDS in the apparel sector. Section 4 
summarizes the results obtained. Section 5 presents the 
main lessons learned about the relationships with 
enterprises and students, and Section 6 sums up the 
conclusions and opportunities for future research. 

2. Background 

2.1. Previous Works 

LPD was developed by Toyota, achieving a 400% 
productivity increase in their product development and up 
to 100% improvement in innovations (Kennedy, 2007). 
There is no available evidence in the literature related to 
methodologies to implement LPD in the apparel sector, 
or references that present methodologies that apply 
simultaneously LPD, concepts of Macroergonomics, life 
cycle and Integrated Management Systems. However, 
some studies discuss innovation in the apparel sector, 
product life cycle in product development, green lean, and 
LPD in the fashion industry. 

A green supply chain focus requires working with 
suppliers and customers, analysis of internal operations 
and processes, environmental considerations in the 
product development process, and extended stewardship 
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across products’ life-cycles (Corbett and Klassen, 2006). 
In 2000, the US Environmental Protection Agency 
adopted the combination of Lean and Green practices as  
organizational support practices. Simons and Mason 
(2003) took the idea of combined implementation a step 
further, they say that Green should not just be a practice 
for manufacturing but should be incorporated already 
further upstream in the supply chain, i.e. in the product 
design phase. 

Lean and Green have the following common attributes: 
waste and waste reduction techniques, people and 
organization, lead time reduction, supply chain 
relationship, KPI: service level, and they also share 
common tools and practices (Dües, Tan, & Lim (2013). 
Both Lean and Green paradigms try to integrate product 
and process redesign in order to prolong product use, or 
enabling easy recycling of products and making processes 
more efficient. 

According to Dües, Tan, & Lim (2013), there are some 
areas in which Lean and Green supply chain practices do 
not connect yet. However, they recognized that for these 
attributes it is not impossible to combine them. For these 
authors the differences between Lean and Green lie in: 
their focus, what is considered as waste, the customer, 
product design and manufacturing strategy, end of 
product-life management, KPIs, the dominant cost, the 
principal tool used, and certain practices. 

Lean serves as a catalyst and synergistic for Green (Dües, 
Tan, & Lim, 2013). When lean initiatives enable only 
demanded volumes to flow, the negative environmental 
impact is reduced. Lean supply arrangements demand 
high levels of information sharing, rapid performance 
improvements with suppliers and minimal transaction 
costs (Dyer, 1997). This type of relationship may provide 
the incentive to bridge the lean and environmental supply 
chain practices of their suppliers. In a lean environment, 
waste reduction for environmental purposes can be 
executed easily. Green practices help to save costs 
through the efficient use of resources and the reduction of 
redundant and unnecessary materials (Carvalho and Cruz-
Machado, 2009). Rothenberg et al. (2001) showed trade-
offs between lean and Green practices i.e. painting cars in 
batches of the same color, reduces air pollutant emissions, 
but goes against lean principles. By recognizing the trade-
offs, firms may be able to develop solutions that mitigate 
undesirable consequences.  

Gati-Wechsler and Torres (2008) used Lean in product 
development in a Brazilian shoe manufacturing company. 
Cornelli and Buarque (2012) achieved a 31.5% reduction 
in waste in a raw materials supplier for the footwear 
industry applying lean manufacturing and macro-
ergonomics.  

In Medellín, Colombia, Arrieta, Botero and Romano 
(2010) presented a benchmarking study including 5 LPD 
indicators to 30 apparel companies that reached an 
average score of 80%. 

2.2. Product Development Systems 

The Product Development System (PDS) used as a 
starting point for the development of the LPD 
implementation methodology was designed at Equilibra 
(Barón and Rivera, 2014). The conceptual sources 
consulted about product development processes helped to 
stablish the steps for the new collection development 
process in Equilibra (a collection is a group of garments 
with common characteristics), and it evolved to a whole 
PDS. Figure 1 presents the conceptual sources of 
Equilibra’s new collection development steps. 

The Generic PD (product development) refers to a life 
cycle process that involves several disciplines, and it is 
applicable to any industry (Ulrich and Eppinger, 2004). 
The traditional PD process in apparel industries is based 
on Tyler (2008), and it was also observed in the 
companies of the sector in Cali. The first PD at Equilibra 
refers to the way the PD was conducted at this company 
before designing their new PDS (Barón and Rivera, 2014). 
LPDS refers to the system applied by Toyota and 
described by Morgan and Liker (2006).  

 

 

 

 

 

 

Figure 1: Conceptual sources of new collection 
development steps at Equilibra. 

Three more aspects were considered to arrive to a new 
LPD product development system for Equilibra: 
Macroergonomics (Hendrick, 2002) and Integrated 
Management Systems (IMS) according to norm PASS 99 
(BSI, 2006) which is based in ISO 9001, ISO14001 and 
OHSAS18001. To use eco design, a simplified version of 
the Environmental Design of Industrial Products-EDIP 
was also applied. EDIP uses life cycle inventory to analyze 
and reduce environmental impacts (Capuz and Gómez, 
2006).  

As a result of the implementation at Equilibra, the LPD 
implementation methodology for the apparel sector was 
developed. That methodology has evolved, including risk 
management aspects based in ISO 31000 (ISO, 2009) and 
IMS concepts from Pardy and Andrew (2010) and López 
(2008). To strengthen even more the management of EHS 
elements from the Lean and Environment Tool Kit (EPA, 
2007) and the Methodological Guide for Reconversion 
Plans to Clean Technologies (MINAMBIENTE, 2011) 
are being included during the project being held at 
Colfactory. 

3. Methodology 

Each of the phases of the LPD implementation 
methodology for the apparel sector will be explained next. 
Figure 2 presents the eight phases of the methodology. 
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Figure 2: LPD Implementation Methodology for apparel 
sector 

3.1. Definition of the way to apply the new PDS in 

the organization 

The organization takes a comprehensive study of the DP 
to ensure that LPD can help to improve it. The first steep 
is a preliminary diagnosis with includes data collection about 
the problem, possible causes, and the type of business 
structure. The second steep includes a detailed cause analysis 
to verify if LPD can solve them and how to adapt LPD to 
the company structure. The third step is the formal 
selection of LPD.  

3.2. Project kick-off 

This phase seeks to garner support for the project. The 
first step is to secure buy-in from upper management. Then a 
Project Charter is written with key data from the diagnosis, 
the implementation team, the problem, and the 
improvement objectives. Introductory training is then 
conducted with the project team to familiarize them with 
LPD, EHS and general aspects of the project. Finally, 
there must be a physical or virtual space assigned to the 
project. This physical space is known as Obeya. 

3.3. Detailed assessment and preliminary 

improvements 

The actual PD is examined in detail to propose the 
necessary improvements. An important part of this phase 
is the building of a Product Development Value Stream 
Map (PDVSM). Especial PDVSM and hierarchical 
process mapping can be used to include aspects related 
with EHS. A team is selected and trained to build the 
initial PDVSM. Then, an identification of project 
stakeholders and their needs is done. At this point, the 
team builds the current PDVSM. With this information, 
they proceed to analyze different forms of waste. Next, 
the team studies the alignment of the current PD with the 
organizational strategy to identify how much the PD is 

contributing to it. The team also must identify large-scale 
risks that may affect PD. Then, they define the 
measurement systems, and a baseline of metrics (including 
some of EHS) to evaluate the project impact. A consolidated 
analysis of problem causes is performed, applying relationship 
diagrams and the five whys. Finally, all this information is 
used to define the specific objectives of the project, a future 
state PDVSM, a PD GANNT and a general scheme of the 
PDS. 

3.4. Detailed design of the PDS 

This phase includes two main stages: improvements to the 
current process and structure & formalization.  

Improvements to the current process, this step 
includes the Lean Organization, in which the system of the 
Chief Engineer is established. Lean Technologies and Tools 
focuses on applying tools and technologies that demand 
small changes or investments. In this section we included 
product life-cycle analysis to define technological and 
process changes required to reduce environmental impact 
as well as other EHS criteria and guides for a reconversion 
plan to clean technologies (MINAMBIENTE, 2011). 
Software to simulate environmental impact of process 
changes can be used, as well as 6S (5s +safety). Lean 
Enterprise relates to the extent to which PD will involve 
suppliers and customers. This stage is usually started with 
a few key suppliers and then extended to others. 

Structure and Formalization: In this stage the new  
PDS is defined in detail. The definition of objectives, key design 
competencies and scope of the system determines its aims, 
principles, key design abilities and scope. It is then 
necessary to define the processes involved in the PDS. Then a 
leader must be assigned to each process. After that, the team 
identifies the requirements applicable to each process. Also the 
PDVSM, GANTT and the PDS scheme are adjusted according 
to the applicable requirements. Next, the interactions between 
parts of the system and the logical sequence of activities for each 
process are defined. The detailed identification of risks and 
environmental impacts of the processes determines where 
preventive and corrective actions will be required. Then, 
the operational methods of the processes will be defined, 
including necessary equipment, people, materials, and 
environmental conditions. Reuse, recycling, energy saving 
and effluent´s treatments can be part of the changes in the 
operation. Also hazardous raw materials may be gradually 
replaced. 

After that, operational controls are defined including variables 
related with EHS. Then, the team defines the resources required 
for the processes, and it will need to establish the measurement 
system for the processes to follow the attainment of the goals 
and operational controls of the system and the compliance 
with requirements. Finally, all processes must be 
documented to serve as the basis for a pilot implementation 
and its subsequent standardization. 

3.5. Testing the new system 

A small-scale pilot run of the PDS is required to evaluate 
its dynamics and performance against the goals and the 
baseline figures. To do so, the system is implemented in 
the development of a few new products.  
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3.6. Improve the system design 

Based on the takeaways from the pilot run, corrective and 
preventive actions are devised and, if necessary, an 
iteration to a previous stage is performed. 

3.7. Validation of the methodology 

This stage focuses in establishing if the methodology to 
implement LPD on a given company was successful. At 
this stage an inventory of benefits and obstacles of the 
methodology is completed, highlighting opportunities for 
improvement. 

3.8. External deployment and flexibilization 

If the company is small and part of its PD is external, key 
suppliers and customers can be included from the 
beginning of the project; if it is large  and most of the PD 
is internal, it could be better to change its PD first and 
after stabilizing it, to invite key suppliers and customers, 
and conduct an additional pilot run. 

3.9. Collection Development 

In the apparel sector, it is highly usual to present several 
collections a year. The LPD methodology offers 
Equilibra’s collection steps as a guide that each company 
may adapt.. The collection development at Equilibra 
consists of eight steps, described in detail by Barón and 
Rivera (2014). 

4. Results 

The implementation methodology has been applied in 
three companies, next the results achieved are reported. 

4.1. Results at Equilibra 

During the pilot Equilibra reduced its personalized 
blouses collection development cycle time from 90 to 20 
days on average. The number of changes and suggestions 
that could be implemented during the development 
process to ensure a sale went up from 40% to 100% 
under the new system. 

The information gathered during the implementation was 
used to redefine the company market segment and to 
adjust its value proposition. The pilot collection was 
approved by 100% of the participating customers. Before, 
70% of the pieces had to be sold at a deep discount, and 
75% of them generated zero or one orders for 
personalized garments. It was also usual that customers 
would not find what they were looking for, leading to a 
sales closure in the first visit only 26% of the times. 

Equilibra also decreased 50% the number of different 
types of fabric, reducing the need for wash tests and 
adjustments to molds and patterns. Now, the company 
only acquires samples of pre-collection approved fabrics 
that come in at least five different colors. 

Environmental impacts: sixty six percentage of the life 
cycle energy consumption is related to the use of the 
product by customers. The biggest impact is generated 
when customers wash the garment, since it uses electricity, 
water, and generates detergent residues. The company 
recommends to wash the garments only when it is really 

necessary and to use the washing machine with a full load. 
Given the warm weather of the city, the company also 
suggests to use natural drying and storage them in such a 
way that the need for ironing is minimized. Equilibra also 
advices the customers to use a specific brand of detergent 
with a lower level of suds that requires less water, also it 
has a lower level of phosphates and it is biodegraded in 
less than two and a half days.  

The company has started separating its solid waste and is 
promoting separation at the source among its customers. 
Regarding final disposal of the garments, the company 
recommends donating them and will also establish a 
donation box in its facilities. Equilibra uses only a small 
paper label to save on packaging materials. The garments 
are presented in a plastic reusable packaging that can store 
stuff.  

4.2. Results at Croquis 

Improvement of work methods was performed in Croquis 
using risk management to consider quality and EHS 
aspects. The customers that took part in the pilot 
experience expressed 100% satisfaction. The company 
reduced its lead time from 27 to 15 days. The activities 
that add value increased from 14% of the cycle time to 
23%. Waiting times came down from 23 to 11.5 days.  

Environmental impacts: the agricultural production of 
cotton fiber is the stage of the life cycle that generates 
more environmental impacts. Another phase that has an 
important impact is the product use. In this field, the 
recommendations echo the practices adopted at Equilibra 
(section 4.1.). We also recommend Croquis to use fabrics 
made out of organic cotton that uses no chemical 
fertilizers and pesticides.  

The painting process is distinctive of Croquis and it adds 
the most of the value to its products. The company uses 
organic pigments that are biodegradable and do not harm 
the health of the employees. Environmental protection is 
a central part of the ethos of the owners of the company. 
This is showed in the fact that their store also serves as a 
refuge for butterflies. 

4.3. Results at Colfactory 

The work being done includes new elements based in 
EPA (2007) and MINAMBIENTE (2011), as well as The 
Environmental Guide for the Textile Sector (FUNDES, 
2012) and Rendón et.al (2007). 

A change introduced was the use of EHS icons in the 
PDVSM actual state value stream map to highlight 
improvement opportunities. Two metrics were added to 
the project: average water consumption per jean and 
average grams of hazardous substances per jean. The EHS 
leader was trained in lean and helped to improve the 
management of environmental risks in the project.   

The project is mainly at the stage of formalization and 
structuring, the new collection development process was 
defined and several items have already been tested. 

Environmental impacts: Most of the finishings in 
Colfactory are done for jeans. Much of the negative 
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impacts are produced during the usage of the garment and 
in the laundry process. Colfactory’s parent company may 
require its suppliers to ensure the fabric is made of 
certified organic cotton and ecofriendly processes. New 
finishings could be designed only with ecologically 
friendly raw materials and processes. Care labels can give 
eco advice. 

5. Lessons learned about enterprises and students 
participation  
Lessons learned about how to manage the enterprises and 
undergraduates participation during the research and in 
the generation of intellectual production are shared next. 

5.1 Enterprises 

To obtain resources no formal requisitions for cash had been 
done. People mainly invest their time in the research 
because scholars want papers, students complete academic 
requirements and companies improve PD. A lot of time 
and effort is required, so a mindset of “go the extra mile” 
is also necessary. Midsize companies have 
multidisciplinary staff and departments that enrich the 
implementation of LPD, and may assign full-time staff. 
The design and engineering departments typically have 
budgetary resources and training for some improvements 
that can be used initially, and then with the results 
obtained more resources can be negotiated. Moreover, 
small enterprises usually have the power concentrated in 
the CEO and that accelerates resource allocation. 
 

In small enterprises structure is simple and the general 
manager is involved in all stages of the project. In a 
medium sized company structure is more functional so 
the general manager is involved as a sponsor, in the 
validation and approval. In all enterprises it is very 
important to have the project endorsed by senior 
management. In medium-sized companies, engineering 
departments can be appointed to lead the LPD project 
with the participation of the NPD project leader and 
operative personnel, in small companies the project leader 
probably will be the process leader. In medium-sized 
companies it is possible that some managers have a “silos” 
mindset so improve communication between them and 
use mediators may be necessary. 

In small enterprises change speed is higher than in 
medium sized ones, if general managers were convinced 
of the benefits of the project. In medium sized companies 
change is slower because more people and departments 
are involved. To handle the all the above, it is 
recommendable to work activities in parallel and find 
alternative ways to get things done. 

5.2 Students 

Students provide labor at low cost, knowledge, 
enthusiasm, experience and a fresh and creative vision. 
Also they contribute to the project long term 
sustainability. The activities undertaken by them included: 
searching and testing software, design clothes, collect and 
analyze data, train staff, suggest improvements, validate 

proposals, improve implementation methodology and 
document processes.  

The benefits that students have obtained are: realistic 
academic assignments, internships, visits, lectures, case 
studies and workshops. In addition to the opportunity to 
gain interdisciplinary experience, generate social impact 
and develop skills such as leadership, teamwork, decision 
making, communication in Spanish and English, and 
problem solving. In the future they may even have the 
opportunity to visit an international university and 
participate in one of their lean research projects, due to 
resent contacts actually being developed.   

Up to date 12 students had participated directly in the 
project and 186 indirectly. Those students came from 
three universities in Cali, Colombia: Pontificia Universidad 
Javeriana, ICESI and San Buenaventura, and belong to: 
industrial engineering (36), attire design (15), business 
administration (105) and international businesses (30). To 
make the project appealing for students project 
assignments are related with students’ carrier and personal 
interests. In addition to it companies participating in the 
project have resulted attractive for them. Academic 
performance and personal behavior observed during 
normal classes have being selection criteria in the selection 
process to participate directly in the project. 

Students must have a tutor and a contact person in the 
company. The tutor can support them using regular 
meetings to train, counsel, assign work and correct it. The 
tutor is also responsible for managing the relationship 
with the company and the primary contact. The company 
direct contact must have the power to provide the 
resources required by the students. 

6. Conclusions and future research 

The Methodology for the Implementation of the new 
PDS has been used in SMEs, so the opportunity to test it 
in a large company in the same industry will be desirable. 
A promising avenue of research will be to adapt it to other 
industries, given the positive impact that it has delivered 
to the companies where it has been applied. 

Companies should take an integrated supply chain point 
of view from the beginning of the product development 
process. Environmental impacts are a good entry point to 
initiate conversations with suppliers and customers 
because nobody would like to appear “unfriendly” 
towards the environment these days. An extended 
enterprise outlook of the lifecycle of the product will 
require collaboration between companies, dynamic 
exchange of real-time information and will eventually 
build trust amongst networks of companies that interact 
for their benefit and that of their customers. The product 
development systems based in LPD, along with specific 
consideration of environmental impacts, are a good 
vehicle to start these collaborations. 

Product development is a vital business process, especially 
in companies that constantly have to present new 
products. Implementation methodologies, such as the one 
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presented need to integrate all the requirements of all the 
project stakeholders. That is why this implementation 
methodology includes efficiency (from lean), 
environmental impacts (life cycle analysis), risk 
management and an integrated management systems 
outlook.  

Finally, this methodology could be used for the creation 
of a knowledge repository for the apparel industry, related 
to product development systems and practices. If more 
companies participated in its application and shared 
information, a pre-competitive network could be 
developed to enable faster innovation in the sector.  
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