
Applied Mechanics and Materials Vol. 606 (2014) pp 281-285 
© (2014) Trans Tech Publications, Switzerland 
doi:10.4028/www.scientific.net/AMM.606.281 

All rights reserved. No part of contents of this paper may be reproduced or transmitted in any form or by any means without the written permission of TTP, 
www.ttp.net. (ID: 122.26.96.206-22/07/14,09:05:25) 

Interdependency of Cleaner Production and Cleaner Application: 
Towards an Integrated Assessment on Appropriate Technology 

Corinthias P. M. Sianipar 1,2,a, Kiyoshi Dowaki 2, Gatot Yudoko 1  
1 School of Business and Management (SBM) – Institut Teknologi Bandung (ITB), 

Jl. Ganeca 10, Bandung, West Java 40132, Indonesia 
2 Department of Industrial Administration (IA) – Tokyo University of Science (TUS), 

2641 Yamazaki, Noda-shi, Chiba 278-8510, Japan 

a corresponding author. E-mail: iam@cpmsianipar.com 

Abstract. Resources localization is one of the unique concerns of Appropriate Technology (AT) 
development. It has become a thought-provoking driver to related studies, meaning that there are 
wide-ranging opportunities to conduct research, including ones on materials-related issues. Also, 
following the global concerns on environmental issues, assessment of environmental impacts imposed 
on AT life cycle is interesting to be studied. Particularly, this study attempts to investigate potential 
impacts imposed by materials usage in AT. It is conducted by comparing and contrasting common 
approaches in doing cleaner production to the implication of AT in providing cleaner applications. 
This study aims to provide an integrated assessment framework for calculating environmental impacts 
from materials usage by incorporating the characteristics of AT life-cycle into account. The first 
finding points out the interdependency of cleaner production and cleaner application, meaning that 
there is a need for cleaner production in the manufacturing and construction process of any 
material/component/assembling in an AT; besides, the AT must be designed to perform a cleaner 
application, yet without reducing its performance and intention in localizing materials. Furthermore, 
the second finding pushes the first finding forward through an integrated environmental assessment 
diagram that covers materials production and application until the end of AT life cycle, including the 
disposal phase and predicted degradability of materials. By looking at common approaches that 
focused on the assessment of only cleaner production, this study is moving toward an integrated 
environmental assessment of an AT by covering both cleaner production and application to form a 
complete AT life-cycle assessment. 
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1. Introduction 
Despite being an important legacy of an economist and an adaptation of thoughts from the developing 
world [1], Appropriate Technology (AT) has a strong connection with the environmental movement. 
It is due to another intention of AT as one kind of technological solution which supports 
environmental-related concerns in developing regions [2]. Its soft approach and resources localization 
mindset [3, 4] have been often interpreted as two important ways to promote a responsible utilization 
of local resources by introducing the cleaner application of a technological solution based on existing 
circumstances. In that spirit, potential environmental impacts throughout AT life-cycle become 
critical to be assessed to ensure the environmental appropriateness of an AT [4]. One of AT elements 
considered to have high environmental impacts is materials usage. In spite of the debatable 
engineering values of AT [5], environmental concerns in materials-related research of an AT refers to 
its engineering appropriateness [6]. Cleaner application, therefore, is urgently required to reduce 
potential impacts imposed by AT in its usage to the environment. On the other hand, developed 
regions have already had a widely used assessment for a similar matter, so-called cleaner production 
[7]. It is proposed as a technical way to reduce ecological burdens by applying cleaner production 
methods. Although cleaner production has begun to be applied to small-scale technology [8], the 
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development of each of those “cleaner” approaches is sometimes compromising the optimum “clean” 
condition based on the “opposite” approach [4]. When a cleaner application attempts to push 
application as the medium to do environmental preservation, AT production would not considerably 
be clean; however, even if cleaner production has become the purpose, it is intentionally implemented 
to compromise the high-impact application. Due to the intention of AT to perform the cleaner 
application, the cleaner production is hence rarely taken into account. By looking at those conditions, 
both approaches require an integrated framework to conduct a complete environmental assessment on 
AT. Therefore, this study has to answer the following questions: 

Q1 Are the “cleaner” approaches really incompatible compared to and contrasted with each other?  
Q2 How to assess them in an integrated environmental assessment throughout AT life-cycle? 

2. Compare and Contrast: Cleaner Production and Cleaner Application 
Since the beginning of AT movement, cleaner production has never been simultaneously assessed 
alongside cleaner application, even if sometimes engineers has considered cleaner production in AT 
development processes. Although an AT is developed in order to support environmental preservation 
in a specific developing region, those approaches have never been taken into a single investigation for 
completely supporting such purpose [4]. However, in some facets, they have some cross-sections. The 
first one is on the assessment outputs. Both of them are developed to assess fairly similar 
measurement units. Due to their focus on environmental-related issues, they are intended to focus on 
the same units, such as CO2e or thermal-based ones [9]. The second similarity is on the object of 
assessment. Each of them is focused on assessing any impacts imposed by AT [4]; however, while 
cleaner production tends to assess impacts in AT production, cleaner application attempts to focus on 
impacts imposed through AT usage. Besides, the last cross-section is on the interconnection between 
an external system and AT itself [10]. Both of them observe the whole system by investigating the 
transformation process of incoming input and outgoing output. In short, those cross-sections show a 
potential interdependency between those approaches in forming a complete environmental assessment 
of an AT. 

 

 
Figure 1.    Four quadrants of assessment 

 
On the other hand, any connection between transformation processes in an AT to external entities 

is distinguished into two big parts: input reception and output disposition [11]. Then, each of these 
parts is further divided into two flows: production and application. Thus, there are four observed 
quadrants (Fig. 1). The first one is the input received for the production side. It is implemented to 
assess any impact imposed by raw materials transformation to be an AT, including direct and indirect 
activities involved in the process [9]. Such assessment is so-called cleaner production. The second and 
third quadrants attempt to observe the input reception of AT in terms of processed Object (O), Energy 
(E), and Indicator (I) by AT [3, 12]. Such assessment is implemented by investigating impacts 
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imposed by AT itself to do transformation on incoming O-E-I inputs to be outgoing O-E-I. It is 
usually conducted by discovering potential impacts of AT in every life-cycle of transformation 
process. The input reception and output disposition are stated together as cleaner application. 
However, the fourth quadrant remains questionable when engineers have to deal with cleaner 
production assessment in AT development. Due to the excessive uncertainties faced after an AT is 
applied [4], cleaner production cannot clearly assess the output disposition of raw materials. It 
happens due to common understanding in which any AT will only be completely disposed whenever, 
wherever, and whatever its users want to do it without being noticed by AT designers. Therefore, this 
quadrant becomes a critical facet in the whole environmental assessment. 

3. Mediating the Interdependency: AT Design and Project Plan 
Based on previous explanation, cross-sections between those “cleaner” approaches have made them 
interdependent in assessing impacts imposed by materials usage in an AT, meaning that an 
assessment requires both approaches to produce a holistic assessment result. However, based on the 
compare-and-contrast discussion in which both of them focus on same assessed object but different 
assessment items, their fundamental basis need to be distinguished to clearly place each of them on 
right assessment corridor that is correlated each other (Fig. 2). In short, each of them has to be 
precisely posited in its appropriate assessment timing. 
 

 
Figure 2.    The basis of assessments 

 
Looking at the nature of AT application [11], the cleaner application is posited on construction-

disposal frame, meaning that the assessment is conducted based on the intentional purpose since AT 
design [13] to discover impacts imposed through an extended frame of O-E-I transformation. In other 
words, cleaner application is stated as a design-based assessment in which environmental impacts are 
reduced by designing materials usage with less impacts in AT usage. On the other hand, cleaner 
production has been started since any component of an AT is produced. It is conducted by planning 
less-environmental-impacts transformation processes of raw materials to be a ready-to-use AT, 
meaning that any production technique integrated in the process has to be in conformity to the 
purpose of cleaner production. Assessment on cleaner production, therefore, is posited as a planning-
based assessment in an AT project. Then, the fourth quadrant (Fig. 1) is solved by connecting cleaner 
production to any further possible production activity throughout AT life-cycle. The cross-connection 
is taken to assess impacts imposed by such kind of activities to completely assess impacts from 
materials-related processes. Due to the characteristic of cleaner production as planning-based 
assessment, extended assessment can be conducted from the beginning of project planning by 
introducing predicted life-cycle of an AT. Therefore, the assessment can grasp AT disposal until all 
components of an AT have been degraded. 

4. Assessment Positioning: The Systematic Diagram 
By looking at the different initiations of assessment that have been precisely posited each other in 
each appropriate assessment timing (Fig. 2), both “cleaner” approaches can be possibly assessed in 
simultaneous way (Fig. 3). On cleaner application side, impacts imposed by AT usage are assessed by 
measuring possible impacts produced in any activity from AT construction until its disposal and 
materials degradation. The assessment is conducted on a complete life-cycle of an AT, including all 
possible repeated cycles, that can possibly produce impacts to surrounding environment. On the other 
side, cleaner production is assessed by investigating any possible production activity in all repeated 
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cycles of an AT life-cycle, meaning that the assessment on impacts based on cleaner production 
approach is simultaneously conducted within AT application. These activities refers to ones 
throughout predicted life-cycle that have been planned since the project planning of an AT. 

On the other side, environmental impacts of materials usage in an AT are assessed in four life-
cycle stages of AT application. In “Construction” stage, the impacts from AT application is 
investigated through AT development which might involve some trial processes, looking at the facts 
that the trials would surely produce environmental impacts from materials usage. Some potential 
moving actions such as human and/or people movements related to materials processing activities in 
AT construction must also be investigated. The second and third observed stages are “Usage” and 
“Reuse” [4], in which impacts are imposed due to materials transformation processes of incoming O-
E-I to become outgoing O-E-I. These impacts are dependable to the characteristics of working 
mechanism of an AT. The last observed stage on application side is “Disposal”. After a planned 
timeframe, an AT must be disposed to be substituted with another AT, meaning that there are 
activities to dispose the materials of an AT such as assembling deconstruction and component 
destruction processes, including some movements done in the processes.  

 

 
Figure 3.    The assessment diagram 

 
On the production side, there are also four assessment points; however, two of them are 

investigated in different life-cycle stages than ones in the application side. The first observed stage is 
“Construction”. In this stage, raw materials are processed for the first time in the whole AT life-cycle, 
meaning that production begins in this stage. The assessment is conducted to discover environmental 
impacts imposed by production methods in AT construction. It needs to be done as deep as possible to 
the origin of materials, yet it could also be limited based on the system boundary of assessment due to 
reasonable obstacles in some cases. Next, similar assessment is conducted in the “Repair” stage. In 
this stage, environmental impacts are assessed by investigating very similar activities with production 
in “Construction” stage; however, there are less impacts from raw materials and also some additional 
impacts from possible component reprocessing. After that, an assessment point is posited in 
“Disposal” stage. On an overlapping focus with the application side of assessment, cleaner production 
is assessed by discovering impacts from any machinery process taken in AT destruction processes. 
Then, materials degradation is also possible to impose impacts due to artificial degradation for some 
AT components. Mass burn and incineration are two examples of such kind of processes. Moreover, 
assessment on cleaner production can be conducted by looking at energy conversion processes in 
transforming burning fuels to become emission or heat. In order to produce a universal understanding, 
whenever possible, the assessment have to produce single measurement unit for any measured impact. 

5. Conclusions 
The intention of AT design to deliver a cleaner application in its usage has made another important 

approach, cleaner production, ignored in AT design and development processes. In fact, 
environmental protection is also possible to approach since AT production stages; however, assessing 
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environmental impacts imposed in AT application could not be exclusively conducted based on 
cleaner production techniques due to the unique nature of its application. Therefore, there is an 
urgency to develop an integrated environmental assessment that covers both approaches. In this study, 
an interdependency between those approaches is discovered, meaning that they have to stand together 
to produce a holistic life-cycle assessment of an AT. Particularly, those approaches are connected to 
delivering a complete assessment of impacts imposed by materials usage throughout AT life cycle. 
Any material that would be used in AT needs to be produced through cleaner production processes; at 
the same time, AT must be designed to have a cleaner application without decreasing the performance 
of the respective AT and its intention in localizing materials. Furthermore, the boundary of 
environmental assessment must be established to cover materials production and application until the 
disposal phase, including predicted degradability. On the production side, there are four assessment 
points: Construction, Repair, Disposal, and Degradation; besides, the four assessment points on the 
application side are Construction, Usage, Reuse, and Disposal. Integrated environmental assessment 
on both sides by measuring impacts on those eight points have to be taken to produce a complete 
assessment result on AT life cycle, including repeated cycles. 
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