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FOREWORD

Greening of Micro Small and Medium Enterprises (MSMEs) is important to achieve decoupled 
economic progress vis-à-vis resource consumption leading to circular economy. MSMEs are the major 
contributors to industrial activity as part of supply chains and therefore, there exists an inherent 
opportunity in the sector for improvement and optimization of resources.

With the emergent need for MSMEs to become more competitive, industries related with manufacturing 
tend to search for simple and effective solutions which allow them to increase productivity while 
maintaining or decreasing the cost involved. However, during the last decades the social awareness 
about environmental problems has been increasing. When faced with this reality, MSMEs tend to seek 
solutions that enable them to reduce the environmental impact of their activities alongside with the 
economic component focusing mainly on control and reduction of associated costs.

While considering the requirement to bring the MSMEs under the fold of circular economy, NPC 
with experience of over one decade in application of LEAN management tools in MSMEs and 
having successfully implemented Material Flow Cost Accounting (MFCA) in this sector, developed 
an innovative methodology to integrate the aforesaid tools and demonstrate the efficacy of the 
integration in achieving the objective of circular economy. Towards this goal, NPC collaborated with 
Asian Productivity Organisation (APO) to steer this initiative on pilot basis. The methodology of 
integrating MFCA and LEAN has been termed as ‘GLEAN’ which has been validated by the case-
studies presented in this publication.

This booklet focuses on the application of MFCA as a diagnostic tool and its integration with 
production management tools particularly Lean tools for waste elimination. The framework developed 
for integration of MFCA with LEAN tools & techniques illustrates complementary aspects of both, 
MFCA and LEAN tools, methods and waste elimination as the main goal.

I am confident that this booklet will be a useful toolkit for the industry specially MSMEs in improving 
their economic performances and achieving higher productivity with the lowest possible environmental 
impact.

Dr. Amita Prasad

Dr. Amita Prasad, IAS
Additional Secretary,  
Government of India & Director General

National Productivity Council
New Delhi
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1.0 Background of MFCA 

Material Flow Cost Accounting [MFCA]  is a 
stepping stone for any productivity, quality and 
waste minimization improvement program in a 
manufacturing plant.    Japanese consider MFCA 
as foundation for implementing  company-
wide  improvement concept, especially, 
Resource Management tools. The systematic 
and comprehensive implementation of MFCA 
improves overall productivity in a plant.  MFCA 
is one of the effective Green Productivity 
tools  widely used in the field of cost calculation 
in the manufacturing process industry. This 
enables companies to promote cost reduction and 
increase its environmental performance (i.e., less 
material use per product) through minimization 
of the material used.

MFCA as a diagnostic tool can be applied in the 
following steps in any manufacturing process:

 • Modelling of material flow

 • Physical quantification of the flows (in units)

 • Evaluation in monetary terms 

The implementation starts with the development 
of flow structure model which envisage the 
limitations of system, quantity centres (QC), 
and the material and energy flows. The next step 
involves the data recording in physical units of 
inputs and outputs at each quantity centre. MFCA 
distinguishes the movement of material as desired 
material flow (Material flow that tend to become 
part of finished good) and undesired material 
flow or unintended material output which is 
further subdivided into material and other losses. 
The final step involves the conversion of physical 
quantification into monetary, this includes 
assessment of material, energy and system costs. 

This identification of inefficiencies and sources 
of waste assists organizations to diagnose and 
improve their environmental as well as financial 
performance. MFCA also enables companies to 
detect the added value they lose as a result of 
undesired losses. The identification of sources of 
wastes in the material flow structure leads to its 
reduction/elimination, which contributes towards 
optimum usage of input resources as well as 
reduction in production costs and environmental 
impacts. 

The idea of MFCA has brought a shift in the 
approach to cost assessments via reorienting 
the consideration of materiality with respect to 
manufacturing systems and production processes 
which contributes as follows:

(a)it increases the transparency of material flows 
and energy use and the associated costs and 
environmental impacts,

(b) supports organizational decisions through 
the structured and analysed information so 
configured,

and (c) improves communication and performance 
particularly on material use and practices.

Figure-1 provides an observable picture of, for 
instance energy, waste materials, wastes, recycling 
materials which lead to prompt decision making 
by management to minimise environmental 
damage (Shu & Zhao 2013).  MFCA calls products 
the “positive products” and wastes the “negative 
products” (METI 2007).

Costs of positive and negative products are 
majorly categorized into three costs. Material 
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costs are ones of material including main material 
and sub material, auxiliary etc. System costs 
comprise of manufacturing system including 
labour and depreciation of equipment. Energy 
costs consist of fuel such as oil or gas, electricity 
power, compressed or vacuum air etc. 

MFCA takes cost assessments a step ahead 
wherein even the cost of capital also gets 
indirectly brought into purview of analytics that 
takes productivity assessments into a broader 
area. The multi-directional value chains that are 
connected by flows of resources holds embedded 
content and potential in economic revaluations 
in micro and macro contexts especially starting 
from units and nodes where such demonstrations 
occur and its via its potential aggregation that 
could be forecast. 

MFCA is being used in both manufacturing and 
non-manufacturing sectors by several Japanese 
and European companies. It is also relevant to 
emphasize that MFCA developed as International 

Standard ISO 14000 in 2007 in Japan. Its primary 
objective was to standardise the general concept 
and its framework, for the application of the 
methodology in small and medium companies. 
The methodology was further improvised, and 
the final version was published in September 
2011, as ISO14051.

The MFCA was firstly designed for single processes 
and organisations. Subsequently, it was extended 
to supply chain. Nevertheless, it requires the 
sharing of confidential information between all 
the companies. To overcome the possible issues 
and lacks, as well as to support the companies in 
its application, a new ISO has been developed in 
the year 2014, ISO 14052.

It is therefore indicative that the gains to industry 
and its stakeholders via adoption of MFCA are 
emerging and reconstituted competitiveness 
scenarios where the next frontier stands and 
MFCA is the diagnostic tool that facilitates such 
progress and consequent returns to action. 

Figure 1: Schematic representation of material flow in a manufacturing process (Source: Meti) 2007
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1.1 MFCA as Pilot in India

MFCA for the first time in India was introduced 
in the 4 model units in Gujarat in the year 2012 by 
National Productivity Council (NPC), India with 
assistance from Asian Productivity Organization 

(APO) and Japan Productivity Centre (JPC), 
Tokyo, Japan.  

The application of MFCA in the four Model 
Companies resulted in the improvement of 
their overall utilisation of material, resource and 
energy; totally this enhanced monetary savings 
with improvement in overall productivity. Table-1 
illustrates the Annual monetary savings gained by 
the model units through MFCA implementation.   

NPC has undertaken series of awareness and 
certified practitioners programs on MFCA 
during last five years across India. This initiative 
has channelled awareness and implementation of 
MFCA in multiple manufacturing units in India. 

2.0  Lean Manufacturing-as an 
improvement tool

Lean manufacturing, on the other hand, is a 
systematic approach recognised as a solution for 
optimization of production streams and removal 
of unnecessary wastes, defined as TIMWOOD, 
an acronym of seven wastes. Figure- 2 explains 
the seven types of wastages which is defined as 

MUDA in Toyota production system. 

There are different tools in LEAN which one 
can use to eliminate wasteful activities. LEAN 
tools are mainly divided into three categories viz. 
Root cause finding, Problem solving and good 

S. No. Name of Model Company Sector Annual Monetary Saving (Rs.)

1. M/s Somany Ceramics (P) Ltd., Kadi Ceramic  35,00,000/-

2. M/s Sainest Tubes (P) Ltd., Chatral Steel Re-rolling  2,09,43,924/-

3. M/s Bhagwati Spherocast (P) Ltd., Odhav Foundry  1,74,17,496/-

4. M/s Baroda Molds and Dies, Vadodara Moulds and Dies  2,47,00,000/-

Table-1: Annual monetary savings in Model companies after MFCA implementation

practices. Table-2 explains the model of LEAN 
Manufacturing system with its possible outcomes. 

LEAN as a tool has been extensively adopted in 
manufacturing industries, services, and public 
sector, and, with its pursuit of continuous 
improvement, has evolved into a management 
philosophy that helps organizations to improve 
their efficiency. The LEAN Manufacturing 
paradigm involves application of principles, 
rules and techniques of lean production that are 
being adopted across small, medium and large 
enterprises in many countries throughout the 
world. 

Figure-2: Seven Wastes-TIMWOOD
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2.1 Lean Manufacturing-Implementation in 
Indian SMEs 

2.1 LEAN Manufactring Implementation in 
Indian SMEs

NPC over last one decade has been 
successfully implementing Lean Manufacturing 
Competitiveness Scheme (LMCS) in Small and 
Medium Enterprises (SMEs) across the country. 
This scheme was initially implemented by NPC 
on a pilot scale in 100 SME Clusters in the 
country. NPC functioned as National Monitoring 
and Implementing Unit (NMIU) for facilitating 

Table-2: LEAN Manufacturing Model 

Wastes LEAN Tools & Techniques LEAN Outcome

Root Cause 
Finding Tools

Problem 
Solving Tools

good 
Practices 

Unnecessary  Material 
Transportation

Pareto Analysis A3 report 5S & Visual 
management

Improved Quality

Excessive Inventory 5Whys Kaizen event SMED Reduced Cost

Unnecessary motions Fishbone diagram 8D method Kanban Improved Productivity

Waiting time of equipment/
material/people

Correlation 
Diagrams

Gemba Walks Poke Yoke Reduced Lead Time

Overproduction 7 QC Tools PDCA OEE Increased Profitability

Over-processing Value Stream 
mapping

TPM Delivery Adherence

Excessive Defects/Reworks/

warranty claims

Customer Satisfaction

Unused people potential

implementation and monitoring of the Scheme. 
NPC, with its wide presence and technical 
competence, made the pilot phase a grand success. 
With the same vigour and commitment, NPC is 
implementing the next Up-scaled phase of LMCS 
pan India. The results achieved in the pilot phase 
of scheme have been very encouraging. The units 
which have undergone the Lean interventions 
have greatly benefited through improvement in 
their productivity and performance (Table-3). 

Particular Value

Annual Savings from LM Rs.100 Cr

Salvage Value of scrap from 5S implementation Rs. 10 Cr

Increase in Production capacity without CAPEX 15%

Space reclaimed for productive work 15%

Increase in Inventory turnover 25%

Reduction in Manufacturing Lead Time 5-30 %

Improvement in OEE ( Model Machines) 25%

No. of Kaizens generated >15000

Table-3: Annual monetary savings in 90 companies after Pilot LEAN implementation
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Based on the success of the pilot phase the scheme 
was up-scaled by encompassing 500 numbers of 
clusters. Till date, the LMCS has been successfully 
implemented in 250 numbers of clusters across 
various states in the country. 

3.0 Integration of MFCA & LEAN

MFCA as a diagnostic tool demonstrates the 
improvement opportunity through detection of 
process waste costs, however, it does not enclose 
further stage wise problem-solving tools to 
minimise the process wastes through root cause 
analysis. 

LEAN as a solution tool, focuses on reduction of 
MUDA which is interpreted as “losses”, “seven 
wastes”, “waste of time” (rather than material 
waste) and uses defined problem-solving tools 
identify to the root causes with systematic 
approach to implement solutions. However, 
LEAN has not been designed to identify the in-
process/quantity centre wastages in monetary 
units as in MFCA. 

Therefore, NPC formulated a new approach 
to integrate the two powerful tools to garner 
maximum benefit in terms of productivity 
improvement with environmental sustainability.  

MFCA in integration with LEAN could help 
organizations to overcome barriers of MFCA 
implementation with improvement in productivity, 
increase in efficiency, and cost  reduction while 
minimizing the environmental impacts, which 
clearly supports the national manufacturing 
vision of building an ecosystem for ‘Zero Defect 
Zero Effect (ZED)’ culture building in India. 
ZED signifies two aspects:

 • Production mechanisms wherein products 
have no defects.

 • Production process which has zero  adverse 
environmental and ecological effects.

Figure-3: Integration of MFCA and LEAN

Figure-3 explains the integration characteristics 

of MFCA and LEAN, both the tools aims to 

improve productivity and quality through waste 

elimination with continuous improvement cycle 

However, an applied lean approach on residual 

material flows through MFCA proves to be 

fruitful for sustainable payback.

While India is putting efforts to become global 

manufacturing hub, it is an opportunity to 

connect the dots as MFCA when linked with 

Lean Manufacturing in tandem hold promise 

that will shape the course of manufacturing and 

systems transformations ahead. Indian industrial 

enterprises (particularly small and medium 

enterprises that are seeking to expand linkages 

into global value chains) present an opportunity to 

pilot this linked approach in different sectors and 

regions.  As a strategy for enhancing productivity 

& performance for sustainable development, 

integration of MFCA with LEAN into any 

subsystems/systems is very advantageous. 
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4.0  Inception of gLEAN- 
A Comprehensive Approach

The application of MFCA in production has been 
adopted by major companies across the globe and 
the implication of adopting MFCA with LEAN is 
that it clearly leads to higher process efficiency. 
The fundamental strategy behind implementing 
MFCA with LEAN is the evaluation of the 
operations and activities in terms of efficiencies. 
Since, MFCA is a diagnostic accounting method; 
it does not automatically resolve the residual 
losses. In fact, it is necessary to identify the 
cause of such losses occurring in each process 
and to eliminate the cause, for which approach 
of LEAN Principles fitted well in the framework 
and delivered sustainable outcomes to build the 
blocks to achieve ZED. 

Nevertheless, this does not mean that MFCA 

is not worth the practice. MFCA is a great tool 

which helps to clarify the magnitude of losses 

which have been overlooked during the process 

at different stages/quantity centres. It is only, 

in order to compensate the scope of MFCA 

implementation, MFCA was integrated with 

LEAN  and this integrated approach is termed as 

green Lean (gLEAN), which proved itself as a 

holistic approach for business improvement with 

minimum environmental impacts. 

The GLEAN Framework (Figure-4) clearly depicts 

the advantage of using MFCA as a diagnostic 

technique to identify in-process wastages or 

negative products/outputs. Such negative outputs 

have been highlighted as the Opportunities For 

Improvements (OFIs) and as an input to PDCA 

Cycle for actual problem solving involving the 

LEAN as a result oriented tool. 

Figure-4: gLEAN Framework 



7

The implementation of GLEAN framework 
allows to recognize hidden losses, which differs 
from the traditional Lean techniques. The 
change of positive and negative costs contributes 
significantly to the effective utilization rate of 
resources with less burden of waste and loss 
disposal. Decision making for any improvement 
related initiative has been effectively supported by 
the GLEAN framework to achieve cost reduction 
and improved environmental management. 

The GLEAN Framework also supports the 
structuring of value chain for delivering the 
sustainable benefits. 

4.1 Attributes of gLEAN

 • Fits well with the existing MFCA (ISO 
14051:2011) Framework

 • Facilitates strategic & operational 
improvements

 • Generic Structure

 • Simple/easy to understand/adopt

 • Supports effective communication of 
information

 • Effective decision making with PDCA 
approach

The overall aim of GLEAN approach is to include 
environmental principles in the LEAN to derive 
appropriate tools for waste minimisation. In this 
integration, it is not only essential to analyse the 
input output flow of energy and materials but also 
to visualise the current state and the improvement 
potential. 

4.2 Validation of gLEAN: Demonstration Project

With the above concept, demonstration company 
project on GLEAN in the manufacturing sector 
was conceptualised for implementation on pilot 

basis in the five model SMEs in association with 
APO. The demonstration project was envisaged 
to leverage the synergy of the two tools namely 
MFCA and LEAN, to align with the principles 
of circular economy through sustainable 
manufacturing. 

4.3 Objectives of the Demonstration Project 

Following objectives were identified for the 
demonstration project:

a. To showcase how an organization can 
successfully design and implement 
productivity improvement initiatives with 
the commitment and active participation of 
all productivity stakeholders;

b. To demonstrate visibly and tangibly how 
productivity improvement initiatives lead to 
outstanding results for the organization;

c. To illustrate the benefits of productivity gain-
sharing in boosting the motivation, morale, 
welfare, and overall achievements of the 
workers; and

d. To disseminate results of the model 
organization to inspire other institutes, 
workers, and all stakeholders to promote 
productivity more vigorously in their 
workplaces.

4.4 Methodology 

Step 1: Identification of Quantity Centres

The involvement of management and the 
determination of necessary expertise can be seen 
as initial key steps within the PLAN module, which 
help to create a base of acceptance and availability 
of skills for further steps of implementation of 
GLEAN. For getting significant data, the time 
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period should be sufficiently long. The next step 

is the determination of quantity centres, these 

Quantity Centres(QC) are spatial or functional 

units which store, process or otherwise transform 

materials (such as material storages, production 

units, outgoing good storages or disposal systems) 

and which are connected by material flows.

Step 2: Identification and Quantification of I/
Ps & O/Ps

As the next step to determination of quantity 

centres, inputs (Positive products as materials, 

energy) and outputs (Negative products as 

material and energy losses) have to be identified 

for each QC. The quantification of material flows 

is the second step of this module. Based on the 

flow structure, material flows have to be quantified 

in physical units such as mass, length, volume or 

number of pieces. By using a single standardised 

unit KGs (e. g. mass), for every quantity centre a 

material balance can be created. 

Step 3: Flow Costing 

Material flow is also required to be quantified 
in terms of monetary units which differentiate 
between material, energy and system costs 
(Figure 5):

 • Material costs have to be calculated for a 
substance that enters and/or leaves a quantity 
centre” and, thus, for products as well as for 
material losses.

 • Energy costs are costs for electricity, fuels, 
steam, heat, compressed air and others. This 
should be calculated for each quantity centre 
on the basis of the measured or estimated 
energy use. If energy use cannot be measured 
or estimated for individual quantity centres, 
total energy use can be allocated to the (output 
of) quantity centres.

 • System costs represent all costs for handling 
in-house material flows except for material 
costs, energy costs and waste management 
costs as machine depreciation, transports etc..

Step 4: Analysis of Material Flow

Material flow which is based on mass & costs 

Figure-5: Sankey representation of production flow
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is required to be analysed which visualizes the 
negative products or losses that are financial or 
economic significant. 

The assessment of negative products works as an 
improvement opportunity.   

Step 5: Prioritisation of Critical QCs

Based on the created transparency of material 
flows, improvement opportunities have to be 
identified for reducing wastage. The critical QCs 
which are contributing more towards the total 
waste cost may be prioritised for further root 
cause analysis.

Step 6: Analyse and Improve 

With the identification of critical QC/QCs 
and OFIs, subsequently a new improvement 
cycle of LEAN begins which aims to promote a 
continuous approach of PDCA which initiates 
from application of LEAN diagnostic tools for 
root cause analysis to access the reasons of 
losses. Finally, LEAN problem solving techniques 
should be applied for improvement of identified 
opportunities. The results should be analysed by 
the reapplication of methodology in a continuous 
improvement cycle.  

To make the overall material flow as lean as 
possible, from an environmental and business 
point of view, firstly prevention is prioritised 
over reduction of material use than reuse of 
components, which in turn is better than material 
recycling, which is better than energy recovery 
treatment, deposition of waste in landfill waste. 
The most desirable option is, to prevent waste 
in the first place by identifying best practices 
through LEAN for each process/sub-process. Figure-5: gLEAN process flow
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5.0  IMPLEMENTATION OF 
gLEAN IN SMEs

The introduction of GLEAN in the five model 
SMEs has demonstrated that these SMEs have 
indeed gained simultaneous benefits of economic 
gains and environmental sustainability. 

The insights that GLEAN provided resulted 
in innovative suggestions for improving the 
manufacturing process. In addition, it has 
demonstrated the effectiveness of the integration 
of MFCA and LEAN.

GLEAN implementation as a continuous 
improvement cycle moves production process 
closer to ideal optimised process. The methodology 
encourages management to re-evaluate their 
production performance strategy and also support 
their decision making   process which would lead 
to more effective production and lower volume 
of material losses. Such methods increase the 
economic effectiveness of production and, at the 

same time positively affect the environment. 

The case studies in the subsequent section 

highlights the experience of the SMEs, emphasizing 

how SMEs can leverage enablers and overcome 

barriers of MFCA through GLEAN framework. 

Driven by this diffusion, factors such as the team 

composition, interpersonal communication, 

technical expertise, reliable data, and efforts of the 

change agents were instrumental in the success of 

implementation. 

The application of GLEAN in the model SMEs, 

resulted in the improvement of their overall 

material, resource and energy savings with 

improvement in overall productivity. Table-4 

illustrates the annual monetary savings realised 

by the five model SMEs through GLEAN 

implementation. 

Name of Model SME Annual Monetary Savings though gLEAN  
(Rs. in lacs)

M/s Sanatan Autoplast (P) Ltd., Faridabad 25.61

M/s United Cores (P) Ltd., Faridabad 30.66

M/s Matrix Tools (P) Ltd., Faridabad 25.44

M/s Reva Cranes (P) Ltd., Faridabad 15.00

M/s Modvak Engg. (P) Ltd., Bahadurgarh 100

Total 196.71

Table 4: Annual monetary savings through gLEAN



 gLEAN  
CASE STUDIES
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6.0 gLEAN CASE STUDIES

6.1  M/s Sanatan Autoplast (P) Ltd., 
Faridabad

Introduction

M/s Sanatan Autoplast was incorporated in the 
year 1982, and is engaged in the manufacturing, 
supplying & exporting automobile accessories 
and automobile interior accessories which 
include metal moulding, plastic moulding, plastic 
moulded components and plastic moulded 
automotive parts. Over the years, M/s Sanatan 
Autoplast established itself in the global market 
and at present, is one of the most reliable source 
of auto component accessories for automobiles. 
Figure-1 is the glimpse of their product range. 

Figure 1: Product Range

Description of Manufacturing Process 

Figure 2 explains the flow of material in the 

manufacturing process which starts from the 

receiving of Raw Material (RM) at receiving 

section, where quality parameters are checked for 

acceptance of raw material for further storage. As 

per planning, at the initial stage of manufacturing, 

RM is preheated as per specifications for injection 
moulding process. At this stage, after ejection of 
moulded piece at each cycle, the moulded piece 
is inspected and the runner or any lumps from 
the mould is removed. Post moulding, all the 
finished goods before dispatch passes through 
two more quality gates viz. visual inspection & 
post dispatch inspection. 

The fundamental purpose of the 
green lean effort is to help to 

increase quality of life.

Anil Kukreja, 
CEO, Sanatan Autoplast
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Figure 2: Process Flow Diagram

Material Flow Modelling 

The application of GLEAN started with the 
division of whole process into 10 quantity 
centres.   Detailed cost accounting flow model 
was developed, illustrating all the stage-wise 

input resources and respective losses with their 
quantification in terms of weight and cost. 
During the data collection, cost related to energy 
& system was also determined for the individual 
quantity centres for the period in question.

 
Figure 3: Material Flow Model
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Analysis 

In the next stage, material balances were created 
at each quantity centre both in terms of weight & 
rupees. The overall balance of plant material flow 
highlighted that the material losses are taking 
place majorly at quantity centre 3 (Pre heating 
& Injection Moulding) & quantity centre 5 (De-
gating) with material wastages of 25% & 10%.  
The further analysis of total input and output data 
(Figure 4) of three months revealed that material 
loss at quantity centre 3 & 5 are in the form of 
lumps and runner which amounted to 25,500 Kg 
with a loss of Rs. 30.18 lacs of raw material value.  

The analysis of hierarchical wastages at each 
quantity centre made management to understand 
the process particulars in a better & different way 
and it was decided by the management to look 
deeper into the causes to reduce runner wastages. 
For improvements to achieve sustainable benefits, 
step wise LEAN approach was adopted:

Step-1: Data was collected to find the part wise 
contribution of runner wastages. The Pareto 
analysis (Figure-5) revealed that the two parts 
namely damper socket and damper retainer 
(Figure-6) were major contributors towards 
runner wastages.

Figure 4: Total Input vs Output data (3 months)
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Figure 5: Pareto Analysis 

1. Damper Socket

2. Damper Retainer

Figure-6: Major contributors towards runners
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Step2: For further investigation, systematic 
approach of why-why analysis was adopted 
which led to following outcomes: 

 • Cold runner moulds were being used

 • Disadvantage of cold runner systems is the 
actual production of the runner itself.

 • In cold runner systems, the runner needs to 
be manually separated from the finished part 
after each run.

 • If these runners are not reground and recycled 
in cold runner system, the plastic material is 
wasted after each run. 

 • The removal of the sprues and runner and the 
time it takes to recycle each runner adds to the 
cycle time, resulting in a slower production 
time.  

It was further brainstormed to change the mould 
design to achieve following aspects:

 ♦ Reduced runner size
 ♦ Optimal number of cavities
 ♦ Direct delivery of melt material to the 

cavities

 ♦ Balance filling of multiple cavities
 ♦ Easy injection
 ♦ Energy efficient consumption
 ♦ Reduced cycle time

Next round of brainstorming & analysis resulted 
into design change of mould from cold runner 
to hot runner. A hot runner system eliminates 
much of the material waste creates during cold 
runner injection moulding but is more expensive. 
However, with the fact that hot runners create less 
waste with less cycle time which could off-set the 
cost of development & maintenance, accordingly 
moulds were re-designed & developed as hot run 
moulds. 

Countermeasures 
The before and after pictures (Figure-7A & 7B) 
shows the change in design of moulds from cold 
to hot runner, which resulted into complete 
elimination of component runners.

Figure 7A: Before & After-Mould design of Damper Socket

BEFORE AFTER
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Figure 7B: Before & After-Mould design of Damper Socket

The above countermeasures resulted into 
elimination of runner wastages with recursive 
yearly savings. The company gained annual 
savings which amounted to total of Rs. 20, 
65,832/-. With investment of Rs. 25 lacs in the 
development of hot runner moulds, the payback 
period comes out to be only 15 months. Seeing 
the benefits and huge potential, company is 
horizontally deploying the same countermeasure 
to three (03) more moulds in the future.     

Benefits:

 ♦ Fast cycle time lead to higher productivity

 ♦ Improvement of component consistency 
and quality

 ♦ Elimination of runner wastage

 ♦ Ideal system for fabrication of large parts

 ♦ Reduced injection pressure

 ♦ Savings in raw material

System Cost Saving Initiatives

The GLEAN methodology allowed the detection 

of high system costs value in the injection 
moulding process at the company. The root 
cause analysis revealed that the mould set up/
changeover activity was contributing majorly 
to the total system cost and the reduction of 
the set up time proportionately reduce its cost 
contribution to the system cost. 

The further analysis revealed the following:

 • Average changeover time per set up – 70 Min 

 • Average set-ups in a month-282 nos

 • Non-productive hours due to mould 
changeover in the plant-  329 Hrs. per Month 
i.e. 41 shift per month 

Figure 8: Contribution of setup time in total downtime

BEFORE AFTER
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 • Contribution of the mould changeover time  in 
total down time of the plant– 42% (Figure-8)

The set up process was videographed and all 
the activities were analysed using   Eliminate, 

Combine, Re-arrange and Simplify (ECRS) tool. 
The following issues were observed and resolved 
through kaizen improvements implementation:

•  Set up Kaizen-1

•  Set up Kaizen-2

 

BEFORE AFTER

BEFORE AFTER
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•  Set up Kaizen-3

•  Set up Kaizen-4

 

BEFORE AFTER

BEFORE AFTER
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•  Set up Kaizen-5

•  Set up Kaizen-6

BEFORE AFTER

BEFORE AFTER
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•  Set up Kaizen-7

BEFORE AFTER

In addition to above set-up kaizen improvements, 
the team also formed skill matrix of mould setters 
(Figure-9) and work instructions (Figure-10) for 
mould change/setup which resulted into ease of 

advance set-up planning. Figure 11A & 11B shows 
the effectiveness of the kaizen implementations, 
which reduced the changeover time from 70 mins 
to 30 mins (Table-1).   

 
 

Figure 9: Mould setter skill matrix
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Figure 10: Work Instructions for mould changeover

Changeover Time Elements Before After
Internal Activity 53 Min. 27.5 Min.          
External Activity 17 Min. 2.5 Min.
Total Time- 70 Min. 30 Min.
Total Time Saving- 40 mins per changeover/setup

Table-1: before and after comparison of setup time.

  

Figure11A: Activity wise comparison (Before & After)
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Figure 11B: Activity wise comparison (Before & After)

Savings

 • No. of Changeover per month on one 
machine= 10

 • Time Saved per changeover= 40 Min.

 • Total Time Saved per month= 40x10 = 400 
Min. 

 • Total Time Saved Per Annum= 400x12 = 4800 
Min. = 80 Hrs.

 • Total Machine cost saved = Saved Hrs x MHR 
x Tonnage

 • =80x1.2x150= Rs. 14400 (For one machine 
per annum)

The same activities were horizontally deployed on 
8 more machines which saved total Rs. 1,29,600/- 
per annum

Energy Saving Initiatives 

From the perspective of scope in energy savings, 
total energy consumption cost and energy costs 
during idling of machines were calculated. It was 
observed the idle time consumption was on the 
higher side i.e. 20% of total energy cost which 

on further analysis revealed that the energy 
consumption wrt sale was also high i.e. 4.74%.  It 
was chartered to reduce the idle time losses with 
the initiation of following activities:

Figure 12: Equipment wise energy consumption

1. Calculation of area wise share percentage of 
energy consumption. 

2.  Identification of high energy consumption 
equipments

3.  Detection of high energy consumption 
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reasons. 

4.  To achieve & maintain Power Factor at 1

5.  Horizontal Deployment. 

6.  Continuous awareness to worker & staff for 
energy savings.  

From the segmental analysis, matrix of connected 
load and item wise consumption (Figure-12) it 
come into sight that the mainly energy is being 
consumed by heavy machines followed by utilities 

and lighting.  The reasons of high consumption 
were brainstormed which resulted into the finding 
of causes which are mentioned at table 2.

To achieve the same, KAIZEN as an approach 
of LEAN was selected with objective of building 
the culture of continuous improvement in the 
company. Kaizen opportunities were identified 
and seven (07) kaizens were selected for 
implementation of improvement activities which 
are mentioned below:

Kaizen Event-1

 

BEFORE AFTER

Areas Equipments Causes

Machines Injection Molding 
Machines

1- High energy consumption due to non-availability of 
device of energy saving on the machines
2- Energy Loss in Barrel heaters due to heat discharging

Utilities Cooling Tower Cooling Tower Fan run 24 hours, No system of auto-cut. 

Lighting Light and Fans
1- High wattage light used
2- Lights and Fans switch-on during non working time

 Table 2: Equipment wise consumption causes
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Kaizen Event-2

 

Kaizen Event-3

 

BEFORE AFTER

BEFORE AFTER
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Kaizen Event-4

 

Kaizen Event-5

 

BEFORE AFTER

BEFORE AFTER
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Kaizen Event-6

 

Kaizen Event-7 

Continuous awareness program conducted on 
various levels to create a culture to save electrical 
energy by appropriate use of machine motors, 
fans and lights at the premise.

The implementation of above kaizens reduced 
energy consumption cost wrt sales from 4.47% to 
3.3%, further, the energy consumption reduced 
drastically by 25%.  The company saved around 
Rs. 4.66 Lacs with investment of Rs 9.30 Lacs 
in kaizens implementation for which the simple 
payback period comes out to be 2 years.  

Conclusion

The implementation of GLEAN resulted in the 
savings. The company has accrued benefits of 
total Rs. 25.61 lacs per annum. 

BEFORE AFTER
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6.2  M/s United Cores (P) Ltd., 
Faridabad

Introduction

United Cores (P) Ltd. is a leading Indian player in 
the large and important segments of Aluminium 
Die Cast components and Electrical stampings. 
The subject site is located at Faridabad which is a 
major industrial hub in National Capital Region 
(NCR). United Cores specializes in development 
and manufacturing of die Cast and precision 
engineering components which caters to two & 
four wheels automotives, commercial vehicles, 
agri-machinery, motors & pumps, railway 
applications, led lighting fixtures etc.

Product Range: 

Die Cast Components Vacuum Pump Components

Two Wheeler Parts, Stator Auto Electricals Wound Stators
 Figure-1: Product Range

Sustainable manufacturing is key to 
profitable economics. 

Alok Goel, CEO, M/s United Cores
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Description of Manufacturing Process 

The manufacturing process is divided into two 
parts i.e. A & B. Part A consists of electrical 
stampings process (Figure-2), which starts with 
punching of metal stampings at high speed. The 
next stage involves heat treatment of the punched 
laminations in a de-carburisation furnace. Heat 
treated laminations are further riveted and 
arranged into stacks for further quality inspection, 
packaging and dispatch.

The pressure die casting (Figure-3) process starts 
with the melting of aluminium ingots in a melting 
furnace. At the next stage, molten alloy is injected 
at high velocity & pressure into reusable steel 
dies. The ejected piece passes through fettling 
for removal of runners & extra material. After 
fettling, the next stage involves shot blasting of 

the pieces which further passes through quality 
inspection followed by packaging and transfer 
into FG stores. 

The case study is further divided in two parts: 

A. Electrical Stampings: 

Material Flow Modelling 

The material flow model was developed for 
electrical stampings process to investigate the 
probable material losses. The whole manufacturing 
process was divided into 4 quantity centres and 
corresponding losses and costs were calculated 
(Figure-4). 

It was observed that majority of material loss was 
from quantity centre-2 which accounted to total 
of 20% of input material loss. 

Figure-2: Electrical Stamping (Part-A) Figure-3: Pressure Die Casting (Part-B)
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Figure 4: Material Flow Model-Stator Lamination

Analysis 

It was observed during the investigation that the 
stator lamination was being manufactured in a 
complete core i.e. the entire section of the core 
was punched in one piece as shown in Table-1. 
It is the conventional way to manufacture the 
laminations. Therefore, the quantity of wasted 
iron material was large and with the area loss of 
original iron sheet, lowered the yield ratio.  

Based on the above findings, the management 
decided to further examine to increase the 
yield ratio of stator lamination process. It was 
brainstormed through root cause analysis to 
undertake following kaizen activities:

 • Redesigning of tool to minimise the generated 
scrap area

 • Reduction of manual operations  

Kaizen Improvements 

1) The tool was re-designed in-house to 
manufacture stator lamination in a single 
segment core. With this method, stator 
lamination circle was cut open in a straight 
line thereby completely eliminating the inner 
circle of scrap. This straight-line stator stack 
would then rotate with concave joints into a 
circular stack with the help of fixtures and 
welding operation for wounding of copper 
wire (Table-1).
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Before After
      

Table-1: Before & After implementation photographs

The above improvement in tool design gained the 
savings of Rs. 4.24 lacs per annum with payback 
period of 6 months. Calculation of savings and 
payback period is as follows:

i. Monetary Savings: 

 Part Requirement Annually = 50,000 pieces

 Manpower savings = (3 * Rs 9000*12) =  
Rs. 3, 24,000/-

 Yield Improvement in material = 45% 
 Material saved cost = Rs. 100000 per annum
 Net Savings = Rs. 3,24,000 +1,00,000 =  

Rs. 4,24,000/-

ii. Payback period
 Total investment in the Mould = Rs.4,50,000/-
 Cost saved per annum = Rs. 4,24,000/-
 Pay Back Period = 6 months
Following are the additional gained benefits:

 • Improved Yield

 • Saving of raw material

 • Increased productivity

2) The riveting process of stator lamination 
changed to auto stacking by in-house re-
designing of the tool which eliminated the 
manual stacking and riveting operations 
(Table-2). 

Category Before After
Tool

Product

Table-2: Before & After implementation photographs
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These improvements accrued the savings of Rs. 
21.3 lacs per annum with following additional 
benefits:

 • Resource savings of 4 manpower

 • Savings of metal rivets

 • Increased productivity

 • Improved quality

Savings:

 • Part Requirement Annually = 5 Lac

 • Wt. and Nos. of Rivet= 0.016 g per rivet and 
6 nos.

 • Rivets used = (500000/6 x 0.096)= 8000 kg

 • Per kg Cost of Rivet= Rs. 74

 • Rivet cost= (74 × 8000) = Rs. 5,92,000/-

 • Die Cost (Auto) = Rs 7,00,000/-

 • Manpower savings 4 no.s= Rs. 3,24,000/-

 • Net Saving = 5,92,000+3,24,000 = Rs 9,16,000/-

Horizontal deployment on part no. M-90

Part Requirement Annually = 2 Lac

Wt and Nos. of rivets = 0.060 gm and 8 nos.

Rivets used= (200000/8 × 0.48) = 12000kg

Rivet cost= (74 × 12000) = Rs. 8,88,000/-

Net saving= Rs 888000+324000 = Rs 12,12,000/-

Calculation of payback period
 • Total investment in the Mould (2 no.s)  =  

Rs (700000 × 2)= Rs. 14,00,000/- 

 • Cost saved per annum= Rs 21,28,000/- 

 • Pay Back Period = 1  month 

Seeing the benefits, company has decided to 
horizontal deploy the same kaizen activities for 
two more parts DC Fan and FR 29 as well.

B. Pressure Die Casting 

Material Flow Modelling 

The pressure die casting process was divided into 
4 quantity centres and which started from casting, 
followed by fettling, shot blasting, inspection and 
packaging. The losses and costs at each quantity 
centre were calculated and it was observed that 
majority of the losses were from quantity centre-2 
(Figure-5).  

 
Figure 4: Material Flow Model-Stator Lamination
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Analysis 

The further investigation at quantity centre 
revealed that at the quantity centre-2, manpower 
costing was high. The why-why analysis further 
revealed that the extra manpower was deployed 
at quantity centre 2 as the no. of operations for 
fettling and trimming of part no. M-71 were high. 

The team decided to undertake kaizen activity to in-
house design & develop a tool to minimise operations 
& to decrease manpower deployment cost. 

Kaizen Implementation 

The tool was designed & developed in-house to 
eliminate the fettling process and replace with 
trimming process. With this method, the five 
manual operations were eliminated with single 
operation & single manpower. Table-3 illustrates 
that new developed tool, trimmed the casted 
piece with single operation which was earlier 
trimmed manually involving extra operations & 
manpower. 

These improvements accrued the savings of Rs. 
4.32 lacs per annum. Calculation of savings and 
payback period is as follows:

1. Monetary Savings: 

Part Requirement Annually= 1 Lac

Production (Before) = 20 pcs/hr

Production (After) = 100 pcs/hr

Manpower savings = (4 * Rs 9000*12) =  
Rs. 4,32,000/-

2. Payback period

Total investment in the Mould= Rs 1,00,000/-

Cost saved per annum= Rs 4,32,000/-

Pay Back Period= 3 months

The above kaizen activity gained following 
additional benefits:

 • Manpower saving

 • Savings of tools used for manual operations

 • Increased productivity

 • Better quality

 • Less number of customer complaints

 • Better accuracy

 • Improved cycle time lead to higher 
productivity

 • Customer Satisfaction

The company has decided further horizontally 
deploy the same kaizen for Housing 840 and 
Housing 852 as well.

Energy Saving Kaizens

To achieve the energy savings, kaizen opportunities 
were identified for further improvements, which 
are illustrated as energy kaizens:

Before Tool Developed After

Table-3: Kaizen Implementation of Trimming Tool
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1)  Energy Kaizen-1

 

2)  Energy Kaizen-2

  

Energy savings recorded to the tune of Rs 61,000/- per year per machine with on one time 
implementation cost- of Rs. 62,700/-.

BEFORE AFTER

BEFORE AFTER

No System

No System
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3)  Energy Kaizen-3

 

Energy savings of Rs 20,000/- per year.

4)  Energy Kaizen-4

Continuous awareness programs were conducted at various levels to create a culture of electrical 
energy savings by appropriate use of machines, fans and lights.

 

Conclusion

Through implementation of GLEAN, company has accrued benefits of total Rs. 30.66 lacs per annum. 

BEFORE AFTER
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6.3   M/s Modvak Engineering (P) 
Ltd., Bahadurgarh

Introduction 

The company Modvak Engineering was incepted 
in year 1998 with a vision to manufacture high 
quality wire terminals. The manufacturing facility 
is located at Bahadurgarh, an industrial town in 
Haryana. The company is IATF 16949 certified 
and is presently catering to OEMs of automotive 
sector. Recently, the company has expanded its 
product categories with the addition of precision 
engineering and precise plastic components.  The 
company is manufacturing 100 plus varieties of 
wire terminals. Below is the glimpse (Figure-1) of 
few categories of the wires terminals:

Fuse Series Terminals 302 Series Terminals

Battery Series Terminals 110 Series Terminals

Description of Manufacturing Process 

The manufacturing of wire terminals starts 
from receipt of copper/brass coils which passes 
through incoming quality gate for inspection 
(Figure-2). The main process is stamping, which 
converts raw metal into terminals and pins. 
Stamping begins with a flat metal strip. Part of 
the metal becomes a carrier strip on which the 

metal feeds into a sequence of extremely precise 
stamping, cutting, and forming operations 
that produce a terminal. Terminals are made 
from several types of base metals such as brass 
and copper. Brass terminals have good spring, 
strength and electrical properties and are the 
least Carrier Strip expensive metal by weight. 
They are typically a 70/30 mixture of copper and 

Sustainable efforts help to achieve 
economic and social sustainability. 

Deepak Sharma, CEO, Modvak Engg. 

Figure 1: Type of Products
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zinc. Copper alloy terminals are made from high 
strength modified copper and have good thermal 
and electrical capabilities which mainly used in 
automotive applications and resist softening in 
high temperatures. 

Terminal base metals like brass and copper, stamp 
& form well, have good strength, spring and 
formability, but they are not ideal in corrosion 
resistance. To overcome their deficiencies, 
terminals are plated with other metals that excel 
in those connector requirement areas. To reduce 
plating cost, some terminals are plated in gold on 
the contact areas only, and the rest of the terminal 
may be plated in nickel and or tin.

Figure 2: Process Flow of Wire Terminal Manufacturing

Figure 3: Material Flow Balance

Material Flow Modelling

Copper use in automotive wire harness is 
ubiquitous, and it is a critical element in a 
vehicle’s manufacturing. Copper is widely used 
and highly regarded in the automotive market due 
to its high conductivity, ductility and reliability 
in transmitting electrical information from one 
system to another. While weight and cost are 
cited as the primary drivers for potential material 

substitution, the evolution of the automobile 
plays an important role in the use of copper. The 
material flow analysis (Fugure-3) illustrated that 
at the quantity centre-2, copper coil when passes 
through stamping process, is getting scrap with 
material loss of approx 49% of total input material.  
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Analysis

It was observed that this scrap as left over coil 
was of enough size for re-use as the re-input for 
the production. Approach of LEAN was adopted, 
with initial brainstorming it was decided to work 
in the following area as improvement projects:

To reduce the scrap percentage of parts. 

To utilize scrap area to accommodate one more 
component or grouping for cost savings.

To increase productivity in one press stroke. 

Countermeasures

Project-1: Reduction of scrap percentage

The high volume part ME-107 (2.8 Male Terminal) 
was for improvement (Figure-4). From customer, 
monthly demand was of 10 million for 2.8 Male 
Terminal. As the yield percentage was low in the 
above component, the team brainstormed to re-

design & develop the tool in-house to achieve the 
following:

Figure 4: 2.8 Male Terminal

 • Minimum scrap produced per part

 • Production Timing, 

 • Product Cost 

The tool was redesigned & developed in-house to 
produce two pieces in a single stroke, the strip 
width of copper was increased from 26.5mm to 
37 mm which increased the yield from 38.33% to 
55%. Table-1 illustrates that the costing per piece 
reduced from Rs.0.36 to Rs. 029 with saving of 
Rs. 6.5 lacs per month and Rs. 78 lacs per annum 
(Table-2).

Before After

Strip Width=26.50 mm

Pitch = 11.00 mm

Net Area = 111.75 mm2

Gross Area = 91.50 mm2

Yield% = 38.33%

Gross Wt =1.25g x Rs. 475/kg=Rs 0.59

Scrap Wt. =0.77g x Rs. 300/kg=Rs 0.23

Net Wt. =0.48g per piece

Cost=Rs. 0.36 per piece

Strip Width=37.00 mm

Pitch=11.00 mm

Net Area=223.50

Gross Area= 407.00

Yield%= 54.9%

Gross Wt. =1.75g x Rs.475=Rs.0.83

Scrap Wt. =0.79g x 300=Rs. 0.24

Net Wt. =0.96g (for two pieces)

Cost=Rs 0.59/2= Rs 0.295 for one piece.

Table-1: Before & After Comparison
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Before After

Cost (per piece) Rs. 0.36 Rs. 0.295

One minute production 300 Pcs 600 Pcs

Monthly requirement 10 Million 10 Million

Monthly Saving Rs 6.5 lacs

Yearly Savings Rs 78 lacs

Table 2: Yearly Savings

After realizing the above benefits, company 
horizontally deployed the same countermeasure 
to part no. ME-117-3.2 Female Lock (Figure-5) 

which yielded the savings of Rs. 22.8 lacs per annum  
(Table-3 & 4).  

Figure 5: ME117 (3.2 Female Lock Terminal)

Before After

Table 3: Before & After

       Parameters Before After

Cost per piece  0.252 /- 0.233/- 

One minute production 300 Pcs 600 Pcs 

Monthly requirement 10 Million 10 Million 

Monthly Savings          Rs. 1.9 lacs

Yearly Savings Rs. 22.8 lacs

Table 4: Yearly Savings
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Project-2: Utilization of scarp area

To reduce the scrap area percentage, the team 
studied & analyzed the specifications of two parts 
namely Lug Plate-2 and Lug Plate-4 and it was 
observed that both the components have same 
specifications:

Raw material: CuZn37
Strip Thickness: 0.50 mm

Same Vol: 0.8 million per month

It was brainstormed to produce both the parts in 
one tool from single strip using the scrap area of 
Lug Plate 4. Table-5 explains the before and after 
development of tools which doubled the yield 
percentage of copper strip per stroke and accrued 
the savings of Rs. 40 lacs per annum.

Component 
name

Lug Plate 2 Lug Plate 4

Component 
Layout 

Strip Layout
(Before)

Strip Layout
(After)

Table 5: Before & After Layout

Figure 6: Utilization of scrap

Conclusion 

Annual savings of Rs. 100 lacs have been acheived 
by the company with the implementation of 

GLEAN. In addition, the company has also gained 
other benefits which are as follows:

 • Increased productivity
 • Less Cycle Time
 • Delivery adherence
 • Sustainable usage of raw material

Scrap area
Lug Plate 4 

production from 
scrap area

Washer 
production from 

scrap area

It was suggested to utilise the copper strip by 
identifying all the common products which can 
be produced from scrap area. Further in this 
direction, the company brought this exercise into 
their culture which reaped multiple benefits. The 
company also identified that in the market brass 

& copper washers are also in high demand & that 
too of various sizes, which they produced using 
the availability of scrap area on strip layouts of 
different size. Figure-5 explains the usage of scrap 
area to produce washers and utility products. 



40

6.4 M/s Reva Cranes (P) Ltd., Faridabad 

Introduction

Partnering India’s Infrastructure growth since 
1972, Reva Cranes is one of the leading providers 
of a wide range of industrial overhead material 
handling equipments. Based out of Faridabad in 
Haryana, Reva Cranes is engaged in the design, 
manufacture and marketing of a comprehensive 
range of material handling, lifting and port 
equipments. The regular improvement initiatives 
of quality, design & manufacturing places Reva 
Cranes at the forefront of technology. The range 
of product includes EOT Cranes, Electric Wire 
Rope Hoists, Goliath Crane, Jib Crane, Gear 
Boxes, Geared Couplings, Geared Motors & 
Thrustor Brakes.

Low Head Room Cranes Jib Cranes

Gantry Cranes EOT Cranes

Helical Reduction Gear Boxes Thrustor Brakes
Figure 1: Product Range 

GLEAN thinking defines value as 
providing product benefits of less 

environmental impact to customers. 

Rohit Goel, MD, Reva Cranes
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Figure-2: Process Flow of Crane Manufacturing

Process Flow Description 
Production Process of cranes starts with initiation 
of parallel activities.Figure-2 explains that after 
design approval and incoming inspection of 
raw material and auxiliary bought out parts, the 
manufacturing starts in batches with distribution 
of activities into following:

 • Structure Fabrication

 • Parts manufacturing & assembly

 • Car frame design & assembly 

 • Control wiring

Post completion of above activities, crane is fully 
assembled with electric connections. After general 
assembly, quality inspection will be conducted 
thoroughly. The next stage involves painting of 
the crane in which color & type of paints will be 
selected according to the working environment of 
cranes. Before dispatch, crane is again inspected 
and packed for installation.  

Scope of Study

The improvement study is mainly focused on the 
three (03) parts of crane. Such as TD 100mm 
Crane wheel, TD 160mm Crane wheel and 1st 
Gear CD 80. Figure 3 explains the flow of material 
in the manufacturing process of above mentioned 
three parts which starts from receiving of raw 

material (RM) followed by  quality inspection for 
the acceptance of raw material. Post inspection, 
accepted material moves to storage area. As per 
planning, forgings are processed for turning, 
grooving and hobbing with in-process quality 
checks. The next stages involve sub-assembly and 
main assembly operations. All the finished goods 
are inspected before dispatch.  
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Material Flow Modelling 
Figure-4 demonstrates the material flow balance 
of TD-100mm crane wheel manufacturing 
process. With six quantity centres corresponding 
stage wise input resources and respective material 
losses were calculated. 

Analysis

It was observed that total material loss of 
approx 53% by cost and approx 43% by weight 
were taking place during the manufacturing of 
TD100mm crane wheel. Majorly material loss to 
the tune of 29.54% was occurring at the quantity 
centre-3. The analysis of hierarchal wastages at 
each quantity centre invoked the management to 
look deeper into the causes to reduce the material 
wastages and related machining costs. The Root 

Cause Analysis (RCA) revealed the following:

The forging was being used as input material for 
operations viz. facing, turning, heat treatment 
and hobbing which generated material wastes as 
chips & machining scrap of 43% of input material 
by weight.

The drawing of the component vis a vis size of 
the forging were studied and it was observed that 
forging of the nearest size to finish component 
can be trailed to achieve reduced machining cost 
& less material wastages. 

Countermeasures 

The PDCA approach of lean was adopted to 
address this problem. The table-1 explains the 
activity wise trail to reduce the size of forging:
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Figure-4: Material Flow Balance
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PDCA ACTIVITY STATUS

PLAN
Diameter reduction of Forging Done

Weight reduction of Forging Done

CNC machining time reduction (Time Study) Done

DO

Forging Drawing changed Done

Order placed to Forging supplier as per new drawing Done

Forging received as per new Drg. Done

Eliminated grinding process to blanking in a start which was cheaper. Done

CHECK

New forging weight &  Dia. inspection Done

After CNC machining Dia. inspection Done

CNC machining Cycle time (After) Done

ACTION

Forging  50 nos. lot trial Done

Change in CNC Turning program Done

Cycle Time reduced Done

Table-1: PDCA wise improvement activities

The trail of 50 pieces was successful and the finished 
part was well within tolerances. The management 
decided to horizontally replicate the same 
approach to two more components viz. TD Crane 

Wheel 160 & CD 80 Gear. The Table-2 illustrates 
the before & after implementation pictures of the 
components. The Table-3 summarise the benefits 
achieved through improvements:

Before After Finished Product
TD Crane Wheel 100

TD Crane Wheel 160

CD 80 gear

Grinding operation eliminated

Table-2: Before & After photograph of forgings
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Item Forging Size Operation 

Reduction/

Elimination 

Savings Monetary Saving/
year

(in Rs.)
 Before After

Double 
flanged 
TD-160 
Wheel

(EN-8) 
Round 
ф200x110

(Seamless 
Pipe)
 Dia. 
192x110mm

•	 Drilling  
operation 
eliminated

•	 Reduced 
turning 
operation

•	 Grinding  
operation 
eliminated

•	 Energy 
savings

•	 Manpower 
saving,

•	 Increased 
Tool life 

•	 Material 
Saving

•	 Reduced  
lead time

4,98,320/-

 Single 
flanged TD-
100 Wheel

Forgings 
weight – 
3.5 kg

Forgings 
weight - 
2.94 kg

-

•	 Increased 
Tool life 

•	 Material 
saving

•	 Energy 
savings

•	 Reduced  
lead time

1,16,000/-

CD-80 
1st/2nd Gear

Forging Forging  
Size 
reduced

 Grinding 
operation 
eliminated 

•	 Energy 
savings

•	 Manpower 
saving,

•	 Increased 
Tool life 

•	 Material 
Saving

•	 Reduced  
lead time

1,33,989/-

Total 7,48,309/-

Table-3 Annual Monetary Savings through material wastes reduction

Following are the additional benefits:
1. Improved cycle time with higher productivity.
2. Improved component consistency and 

quality.
3. Elimination of machining wastages.
4. Cost savings 

Kaizen Activities

With an objective to build culture of continuous 
improvement, Kaizen approach was adopted in 
the company. Following are the glimpse of kaizen 
implementation.
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Kaizen Event 1:-

Location: - Raw Material Storage
BEFORE AFTER

    
Mixing of Raw Material Stand designed and developed for Raw Material 

Storage

Kaizen Event 2:- 

Location:- CNC Machine

BEFORE AFTER

    
Mixing of Parts in the racks Racks were installed with visual identification of 

material
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Kaizen Event 3: 

Location: - Receiving Area

BEFORE AFTER

Unsafe handling of cylinders Separate storage area developed for cylinders 

Kaizen Event 4:  Location CNC-2
 

          BEFORE AFTER

  
    Mixing of WIP Proper Arrangement in Racks

The implementation of the above listed Kaizen 
activities reduced the system losses to approx. Rs. 
7.5 lacs per annum with an investment of Rs.3.2 
lacs for which the single payback period comes 
out to be 6 months.

Conclusion

GLEAN steered the savings of approx Rs. 15 lacs 
per annum in the company. Seeing the benefits, 
management has decided to implement the same 
approach to other parts of the crane assembly. 
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6.5  M/s Matrix Tools & Components 
(P) Ltd., Faridabad

Introduction

M/s Matrix Tools & Components (P) Ltd was 
incorporated in the year 2005 and is engaged 
in the manufacturing of Precision machined 
engineering parts for appliance and automobile 
application. Over the years, the company has 
won the trust of its customers through reliable 
deliveries, consistent quality and competitive 
cost. Figure-1 is the glimpse of product range:

Machined Water 
Lifting Pump Parts

Machined Vacuum 
Pump Parts

Machined Two 
Wheeler Parts

Machined Brake Parts

Figure 1: Product Range

Description of Manufacturing Process

Figure 2 explains the flow of material in the 
machining process which starts from the receiving 
of aluminium die castings as raw material (RM) 
input from M/s United Cores. The machining 
starts at CNC machine to make ID as a reference 
while machining in the 2nd setup on CNC turning 
centre. In between, operations like mounting, 
hole drilling and oil hole drilling are performed 

on conventional drilling machine. After final 
machining, visual inspection and deburring 
operations are performed manually, and goods 
are packed in plastic bins. Post packing, all the 
finished goods before dispatch passes through 
one additional quality gate viz. pre-dispatch 
inspection, and finally the goods are transferred 
to the FG store for dispatch.

The complete process is illustrated in the figure-2.

GLEAN helped us in thinking out of box. 
This motivated us to save big money with 

very less investment.

Anoop Jain, Director, 
Matrix Tools & Components (P) Ltd.
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Figure 2: Process Flow Diagram

Material Flow Modelling 

This case study is based on the operations 
conducted by two companies. M/s Matrix tools 
receives the aluminum die-castings from M/s 
United Cores for machining process. In order to 
combine MFCA flow connection between these 
two companies, the following approaches have 
been taken for input and material loss at each 
phase of the operations:

 • Left-over materials and defective products 
at M/s United Cores  and M/S Matrix Tools 
Sanden were returned to the dissolution 
process and reused; and

 • Aluminum dross, burrs, and turnings and 
chips were sold as valuable materials and 
recycled.

 • These returned materials were re-input into 

the subject process at M/s United Cores 
and were not considered to cause any loss. 
However, these materials carried over the 
energy cost and the system cost (e.g., labor 
cost and depreciation cost) from the initial 
operation.

 • Cost accounting flow model was developed, 
illustrating stage-wise input resources and 
respective losses with their quantification.  

Analysis 

As stated above, machining chips, defectives and 
left overs are returned to M/s United Cores for 
dissolution process and reused.  

As these returned materials were re-input into 
the subject process at M/s United Cores and 
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were not considered to cause practically any loss. 
However, these materials carried over the energy 
cost and the system cost (e.g., labor cost and 
depreciation cost) from the initial operation.  The 
overall balance of plant material flow highlighted 
that the material losses are not much, and it 
ranges between 4~5% for consumables with 96% 
recovery. Below is the graph (Figure-3 & 4) which 
shows that the input and recoveries in kilograms 
from January’ 17 to March’18.

Figure 3: Total Input vs. Output data (15 months)

Figure 4: Total Value in INR of Input vs. Output data (15 
months)

As seen in the figure-3&4, the recoveries in 
currency terms are in the range of 97%~98%. This 
analysis of hierarchical wastages at each quantity 
centre made management to understand that 
there is not much wastage of material and hence 
following system cost saving kaizen projects were 
undertaken.

Kaizen Implementation

Kaizen Project 1 – Reduce No. of Operations in 
Vacuum Pump Machining

From the scope of reduction in system costs which 
included manpower cost, machining cost & space 
rentals, pilot project to reduce the number of 
setups on CNC & turning center was undertaken 
for two housings namely 840 & 833 (Figure-5).  

Housing 840

Housing 833

Figure-5: Housing Components
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The whole project was divided into various activities over a period of 3 months as illustrated in the 
figure 6 below:

Figure-6: Activity Calendar

Improvements

In-house, fixture was designed and developed for single setup which is shown at figure-7. 

BEFORE AFTER

Before – Two setup Machining  Part Holding  
in Jaws 

After – Single Setup Machining Part Holding  
in Fixture

Figure 7: Before & After-Setup Tool

After trials, sample was submitted to the customer 
for their approval. Post receipt of approval, mass 

production was started which amounted to the 
benefits as mentioned at Table-1 & 2: 
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Table-1: Before and after requirement of operator & machine

Table-2: Total Savings

Achievement

1. Saving of two operators cost Rs. 3,60,000

2. Potential of new sales on free capacity:  
Rs. 21,84,000

3. New investment deferred and funds saved: 
Rs. 25,00,000

Payback 

The implementation of above-mentioned kaizen 
project reduced the requirement of CNC turning 
operators to produce the same quantity of housings 
by 2 nos. This saved the company approximately 
Rs. 3.60 lacs per annum. Also, because of the 
reduced operations, the production target were 
met from one machine instead of two, thus 
increasing the prodction capacity of the company 
in the available time which approximately 
increased the sales generation capacity to Rs. 
21,84,000 per annum. This project also enabled 
the company to defer an investment of Rs. 25 lacs 
on the new machine for any additional order. This 
immediate savings of Rs. 3.60 lacs + Rs. 25 lacs 

was achieved with an investment of Rs. 40,000/-  

on two hydraulic fixtures, thus making the simple 

payback period to be only 1 week.

Kaizen  Project  2  –  SPM for Hole Drilling in 

Vacuum Pump Housings

With the goal of improving efficiency, and to 

reduce cycle time & manpower, it was envisaged 

to perform the mounting hole drilling on SPM 

rather using conventional drilling machine with 

an indexable drilling jig.

In the conventional drilling machine, part is 

mounted on an indexable fixture and rotated 

three times to do three drills. This involves not 

only rotation of part three times but also drilling 

operation three times.

Improvements

To reduce operations and multiple drilling and 

setup time, SPM was designed and developed. 

Figure-8 illustrates the before and after 

improvements of setup. 
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BEFORE AFTER

Before – Drilling on Conventional Drill m/c    
Before - Multiple time drilling multiple holes                    

After – Drilling on SPM
after – One time drilling for

Figure 8: Before & After improvement

Table -3 & 4 illustrates the total gains from the implementation of above improvement activity

Table-3: Before and after requirement of operator & machine

Table-4: Total Savings

Savings

1. Saving of two operators cost Rs. 3,60,000

2. New investment deferred, funds saved:  
Rs. 3,60,000

3. Better Quality 

4. Space Saving

Payback Period 

The implementation of above-mentioned kaizen 
project reduced the requirement of drilling 
operators required to produce the same quantity 

of housings by 2 nos. This saved the company 

approximately Rs. 3.60 lacs per annum. Also 

because of the reduced cycle time, only one 

machine is required in place of two. With Rs. 3.60 

lacs in new investment, company accrued benefit 

of Rs. 3.60 lacs through the SPM, thus making the 

simple payback period to be 1 year.

Conclusion

The GLEAN initiatives in company gained the 

monetary benefits of Rs. 25.44 Lacs per annum.  
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7.0 ISO 14051:2011

The standard, ISO 14051:2011, Environmental 
management – Material flow cost accounting – 
General framework, assists organizations to better 
understand the environmental and financial 
consequences of their material and energy use 
practices, so that they can identify opportunities 
for improvement. 

ISO 14051:2011 establishes a management 
information system approach called MFCA, 
which can be used to trace and quantify material 
input and output flows and stocks within an 
organization. The system helps identify material 
and energy use practices, and understand these 
in costs and physical terms. The information can 
then be applied to reduce losses and increase 
gains.    

Many organizations are unaware of the full extent 
of the cost of their material losses because this 
data is often difficult to extract from conventional 
information, accounting and environmental 
management systems. MFCA produces such 
precise and clear data that it can motivate 
managers to enhance material productivity and 
significantly reduce unnecessary waste far more 
effectively than through conventional means.”

“The bottom line is that not only do organizations 
increase profits, but they improve their 
environmental performance and contribute to 
sustainable development.

MFCA is applicable to all industries that use 
materials and energy, including extractive, 
manufacturing, service and other industries. 
It can be implemented by organizations of any 
type and scale, with or without environmental 

management systems in place, in emerging 

economies as well as in industrialized countries. 

MFCA is one of the major tools of environmental 

management accounting and is primarily designed 

for use within a single facility or organization. 

However, MFCA can be extended to multiple 

organizations within a supply chain, to help them 

develop and integrated approach to more efficient 

use of materials and energy. 

ISO 14051 was developed by ISO technical 

committee ISO/TC 207, Environmental 

Management. 

ISO 14051:2011 provides a general framework 

for material flow cost accounting (MFCA). 

By definition, management accounting and 

environmental management accounting (EMA) 

focus on providing organizations with information 

for internal decision-making. MFCA, one of the 

major tools of EMA, also focuses on information 

for internal decision-making, and is intended to 

complement existing environmental management 

and management accounting practices. Although 

an organization can choose to include external 

costs in an MFCA analysis, external costs are 

outside the scope of ISO 14051:2011.

The MFCA framework presented in ISO 

14051:2011 includes common terminologies, 

objective and principles, fundamental elements, 

and implementation steps. However, detailed 

calculation procedures or information on 

techniques for improving material or energy 

efficiency are outside the scope of ISO 

14051:2011. ISO 14051:2011 can be considered as 

a standard for sustainable development. However, 

implementation of the cost accounting method is 
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not within its scope and is not intended for the 
purpose of third party certification.

Implementation steps

Step 1: Management level staff is needed to fully 
achieve environmental and financial objectives 
that are part of this framework. Managerial 
tasks are among others, leading implementation, 
providing resources, establishing follow up, 
reviewing results, decision making based on 
MFCA results.

Step 2: As per its nature, MFCA needs a multi-
disciplinary approach. A non exhaustive list of 
these knowledge and skills is: skills on design, 
purchases and production; engineering knowledge 
about processes, quality control, environmental 
expertise, cost accounting knowledge and skills.

Step 3: Before starting it is needed to clearly define 
boundaries of study and time scope.

Step 4: Quantity/Cost centre determination.

Step 5: Identification of each input and output of 
every quantity/cost centre.

Step 6: Flow of material quantification in physical 
and monetary terms (both).

Step 7: Summary of MFCA results and identification 
of areas of improvement to minimize waste.

INTEgRATION WITH ISO 14000

MFCA can be integrated into the ISO 14000 

family of EMS standards and is complementary 

to life cycle assessment (LCA), environmental 

performance evaluation (EPE) and greenhouse 

gas management standards. With regard to 

EMS integration, MFCA can provide significant 

information to an organization in the Plan-Do-

Check-Act (PDCA) cycle. LCA generally regards 

the lifecycle of a product and service as a system, 

and analyses the environmental influence in the 

lifecycle but does not currently include economic 

aspects of an organization. MFCA supports this 

point. 

Concerning EPE – the PDCA continual 

improvement process – ISO 14031 in principle 

sets the outline necessary to monitor material 

flows within organizations, but does not relate this 

information to financial information systems and 

business decisions regarding costs and the setting 

of product prices. However, MFCA provides this 

link.

In addition, the assessment of CO2 emissions in 

many sectors is based on the evaluation of the 

material input of energy carriers, which need to 

be thoroughly registered in technical as well as 

monetary information systems.
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Snapshots of gLEAN Implementation
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NPC Offices
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NATIONAL PRODUCTIVITY COUNCIL (NPC)

 
ABOUT NPC

NPC is a national level organization to promote productivity culture in India. Established by the Ministry of Industry, 
Government of India in 1958, it is an autonomous, multipartite, non-profit organization with equal representation from 
employers’ & workers’ organizations and Government, apart from technical & professional institutions and other interests. 
NPC is a constituent of the Tokyo-based Asian Productivity Organisation (APO), an Inter Governmental Body, of which 
the Government of India is a founder member.

NPC teams up with its clients to work out total solutions towards accelerating productivity, enhancing competitiveness, 
increasing profits, augmenting safety and reliability and ensuring better quality. It provides reliable database for decision-
making, improved systems and procedures, work culture as well as customer satisfaction both internal & external. The 
solutions can be all-encompassing or specific depending on the nature of the problem. The council also helps monitor, 
review and implement the identified strategies. Promotional and catalytic in nature, NPC’s services have bearings on 
economic growth and quality of life. The Council promotes a comprehensive view of productivity focused on improving 
triple bottom line – economic, environmental and social and adds value for all the stakeholders through generation & 
application of advanced knowledge for inclusive growth.

VISION

NPC to be an organization providing world class productivity services Indian economy to become globally competitive.

MISSION

Development, Dissemination and Application of knowledge and experience in productivity for promoting consciousness 
and improvement in productivity with the objective of strengthening the performance and competitiveness of the economy 
as well as of improving the working conditions and quality of life.

OBjECTIVES

 • To stimulate and promote productivity consciousness
 • To provide consultancy services to increase productivity in all areas of Indian economy
 • To undertake research in productivity related areas and maintain database of productivity
 • To ensure implementation of plan projects
 • To facilitate strengthening of regional/local and sector-wise productivity organizations
 • Adoption of IT enabled service and promotion of e-Governance

PRESENT BUSINESS AREAS








