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Abstract— Adopting existing European product development 

facilities to develop new products tailored to emerging markets is a 
challenge as product requirements for emerging markets are 
different in terms of geographic, economic, context of use, local 
and international governing, utilization of resources, and 
standards.   The modular product development approach for the 
adaptation of European product and production facilities to 
emerging markets is presented in the paper. This includes (i) 
Definition of basic features in order to propose the possibility of 
elaborating a module structuration of the product and product-
service, and also for identification of modules, (ii) Product modules 
and their selection strategies, (iii) Product configuration strategies. 
Using modular approach, the product definition evolved iteratively 
along the development stages starting from the early stage of design 
to the final production. 

Keywords—Adaptation of European production, Emerging 
market, Modular product development. 

I. INTRODUCTION 

A product is goods, consisting of a bundle of tangible and 
intangible attributes that satisfies consumers and is received in 
exchange of money or some other unit of value [1]. Factors that 
influence consumer behavior are cultural, social, personal, 
psychological and the buyer. Goods are tangible that one can 
see them, feel them, and touch them whereas services are 
intangible which are the results of human or mechanical efforts 
to people or objects. Sales of goods and services are frequently 
connected, i.e. a product-service will usually incorporate a 
tangible component and an intangible component. Each 
product includes a bundle of attributes capable of exchange and 
use. Product planning refers to the systematic decision making 
related to all aspects of the development and management of a 
firms products including design, production, packaging and 
transportation [2]. 

An emerging market is a country that is characterized as a 
market under development without meeting standards as of a 
mature market in the developed countries [3]. It includes 
countries that may become developed in near future. Countries 
with large economies such as China, India, Brazil, Russia, 
Mexico and many others are considered emerging markets 
because of their continuous evaluation. To respond to the 

competition from emerging countries, frugal innovation is 
considered as a solution to produce customized products in a 
shorter time for improving the attractiveness of western 
companies [4, 5]. Frugal innovation or frugal engineering is the 
process of reducing the complexity and cost of goods and their 
production. A frugal product is defined in terms of the 
attributes: Functional, Robust, User-friendly, Growing, 
Affordable and Local and can be found in most industries [6,7]. 
As per the study [8], these frugal attributes are not sufficient 
for adopting existing product development facilities in 
European countries to emerging markets as product 
development for emerging markets does not have same 
requirements in terms of geographic, economic, context of use, 
local and international governing, standards, and utilization of 
resources. And also different components, parts and services 
attached to a product have varied requirements. 

A product is considered as a single entity against a set of 
requirements and the product is developed as a whole. This 
view of product development hinders the adaptation of an 
existing European products and development facilities to 
address the emerging market requirements. So we proposed a 
modular product development as divide the existing product 
development facilities into modules and conquer to address the 
emerging market requirements. After introducing the concepts 
of product module and modular architecture in the next section, 
the proposed modular development approach for the adaptation 
of European products to emerging markets is detailed with 
examples in the following sections. 

II. PRODUCT MODULE AND MODULAR ARCHITECTURE 

Product architecture is the way by which the functional 
elements (or functions) of a product are arranged into physical 
units (components) and the way in which these units interact 
[9]. The choice of product architecture has broad implications 
for product performance, product change, product variety, and 
manufacturability [10]. Product architecture is also strongly 
coupled to the firm's development capability, manufacturing 
specialties, and product strategy [11]. Generally, product 
architecture is thought of in terms of its modules [9]. 

A product module is a physical or conceptual grouping of 
product components to form a consistent unit that can be easily 
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company policies. The combination of production systems in 
production view is also used to build production network. 

The navigation between the views’ items of the modular 
approach is fulfilled through three sequential routes as shown 
in the bottom of the Figure 2. The main logic is that after the 
elicitation of market requirements to a set of product functions 
in (R1.a), the route (R1.b) consists on the identification of 
feasible alternatives of product and production solutions, the 
second route (R2) aims then to identify the best combination of 
production systems (fixing the optimal production network) 
and product modules to answer to targeted requirements with 
respect to additional local constraints (logistics, standards, 
etc.). The last route (R3) focuses on the implementation of the 
selected options at the production and product levels. 

The connection between the three views following the 
previous routes is ensured by two tables: the first one (T1) 
contains the rules to transform requirements collected by the 
marketing department from customer requirements and 
emerging market constraints to a set of product functions with 
related features representing the functional solution. Example: 
to answer the need of using the car in very high temperature 
conditions, the cooling function should be defined with a high 
performance level. The second table (T2) aims to define 
mapping between known product modules solutions and all 
related possible production capabilities, which inform about the 
possible standard manufacturing processes and technologies 
able to provide the module with the desired characteristics. 

The identification of all feasible alternatives of modules 
responding to the selected list of functions and all alternatives 
of production capabilities and systems dealing with the 
realization of these modules are identified in route 1.b through 
an exact reuse or an adaptation of existing product structures or 
families. It can be obtained by selecting some existing modules 
solutions without consideration of the whole product structures. 

The selection of the best alternatives of solutions is fulfilled 
in R2 as a decision-making taking in consideration the different 
requirements from emerging market, interfaces’ capabilities 
and all other supplying facilities, etc. For instance, for two 
similar production systems or suppliers (in terms of 
manufacturing functionalities and performance), it can be 
useful to choose this proposing low price or implying low 
transport and logistics cost for one specific production network 
and targeted market. Then the selection of the best modules 
solutions can be obtained as a consequence of selecting the 
related production systems. 

Based on these decisions, the last route (R3) concerns the 
definition of all necessary inputs to obtain the final product: 
Production network building as a combination of selected 
production systems and the definition of cooperation and 
coordination mechanisms between different components of the 
production network; Production systems configuration to 
integrate collaboration and planning constraints; Realization of 
different product modules and their assembly in the final 
optimal product structure. By fixing the different production 
systems (and suppliers), the structure of the production 
network is defined as a combination of the selected items, the 
final definition of the expected behavior of the network is 
achieved by the definition of the global production planning 

and all collaborative processes supporting information and 
material exchange between these production systems. Then, the 
configuration of each production system consists on the 
definition of local planning and adaptation of working 
processes to integrate requirements of cooperation and 
coordination mechanisms. In the same manner, by fixing a 
production system, the related production capabilities and then 
the bill of work to obtain the related product module are 
automatically fixed. The assembly process of the whole 
product structure is obtained in coherence with the global 
production planning defined at the production network level. 

The product modules and their production facilities are 
evaluated against emerging market requirements to configure a 
requested product for the emerging market. The definition of 
module and generic product architecture as basic elements in 
the methodology has been presented with example in Section 
II. The identified set of modules is configured into a feasible 
product. The configuration methods with examples are 
presented in Section IV. 

A. Features for elaborating a module structuration of a 
product and product-service 

A feature (also refereed as product module feature or 
product feature) is application dependent, describing some 
characteristics, and to help in decision making processes in the 
modular product development. A feature is not limited to 
common geometric features but has a wider conception. It is 
usually defined according to specific requirements in specific 
application context with the help of users or experts from 
different domains.  Product module features are defined to 
translate the regional customer requirements to product design 
and also connect the product and requirements view to 
production planning and supplier network design. The product 
module features are used to connect the product view to 
downstream activities such as maintenance, recycle and 
disposal. The product module features are considered as bridge 
among customer requirements, product design and production 
facilities of product and product-service development in the 
customer-driven context. The product module features are 
defined to address following three categories as inputs for 
decision making problems regarding the objectives of the 
modular product development (Figure 2). 

i. Responding to customer/market requirements: 
Category of module. This category of features is related to 
product modules, and link product modules to requested 
functions. Examples of product module features lie in this 
category are presented in Table 1 along with their definition 
and their importance in the modular product development. 

ii. Responding to module parameters and its interfaces: 
Performance, Interfacing flexibility, Interchangeability, 
Customization. This category of features is used to identify 
product module category and to define or identify compatibility 
with other modules. Preliminary list of proposed features in 
this category are presented also in Table 1. 

iii. Responding to production strategy: Process 
positions, Freedom Pre-condition, Sustainability 
Constraints, Supplying tolerance, Supplying flexibility. This 
category of features is used to identify requirements for 
supplying properties, identify requirements for production 
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In the proposed modular product development approach, a 
product is considered as composed of a set of modules and 
these set of modules are configured to generate a product 
structure. Product structure with their defined module features 
are used as a key media tool to support information flows 
among the product development activities. A module is defined 
as a smallest independent entity to address a requirement or a 
set of requirements. Company has alternative modules for this 
module based on certain feature(s) specific to a market, design 
or production strategies. Thus identified set of modules are 
configured to generate feasible product structures and then to 
identify optimal product for addressing emerging market 
requirements, which leads to adapting the existing product 
structures and development facilities according to emerging 
market characteristics. The potential of the proposed modular 
approach has been demonstrated by involving the customer(s) 
requirements in the product development and enhancements. 

V. CONCLUSION 

Product module concept has been introduced and analyzed 
so as to respond to the requirements of adapting product-
service design and production in a customer-driven context, 
adaptation to customer’s needs in emerging market. Module 
features have been defined to help translate the regional 
customer requirements to product and product-service structure 
design and also connect the product-service design to 
production planning as well as other downstream activities. 
The modular design approach for the adaptation of European 
product to emerging markets has been presented. The approach 
is under implementation for structuring the PLM repository 
that supports the ProRegio platform. 

The proposed modular product design approach will be 
further investigated as an implementation applied to industrial 
use case requirements and also to connect with a knowledge 
base system for information exchanges for reasoning and 
usages in the development. 
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