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Abstract

The paper describes a methodology to support business process re-engineering by mapping product
requirements to product development phases in order to analyze their contribution to value creation. The
methodology has been already validated by the authors in different industrial sectors through real case
studies [1], that were all characterized by well established business processes, needing improvements to
preserve their competitiveness in the marketplace. In this paper the effectiveness of the methodology in
identifying process criticalities is tested with regards to industrial processes experiencing under capacities in
satisfying the market demand as well as concerning not yet established business ideas. The task is

performed by considering the wood pellet production process as a case study.
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1 INTRODUCTION

All the products have to pursue continuous improvements
in order to satisfy new customer requirements or novel
market demands concerning their whole lifecycle. This
task implies an evolution of the production process at
different levels. In some circumstances minor
reorganizations in the design or production phases can be
sufficient to fulfil the evolving product requirements;
besides, these actions usually bring only to limited
improvements mainly focused on preserving the
competitiveness of the product in the marketplace.

In other market circumstances the companies have to
develop more remarkable innovations. Boundary
conditions, such relevant discontinuities in customer
perceived value and preferences, lead to the
implementation of radical technological changes [2].
Besides, limitations of available resources are a common
trigger for impending transitions of mature technical
systems [3] or even established service industries [4].
Disruptive innovations can be brought also by performing
a careful analysis of the possible aspects of value that
consumers might care about, such as way of using,
further technical or emotional features, resources
consumption, maintenance, environmental impact,
customer care, end of product lifecycle. Such approach,
that is viable to create new market opportunities,
implements a product planning strategy aimed at making
the competition irrelevant, that determines a new value
curve strongly different than the previous one [5].

However, novel product ideas often show relevant
problems to access market due to a large amount of
factors such as design or manufacturing costs [6],
organizational issues [7], required technologies or
materials [8], relevant drawbacks [9], resources
consumption [10]. All these kinds of limitations represent
significant hurdles to exploit new business opportunities,
notwithstanding the realized products or the delivered
services are viable to occupy promising market space.

Consequently the implementation of new product ideas
requires a radical transformation of the production

CIRP Design Conference 2010

process encompassing the reorganization of its phases
and the reallocation of the resources, that have to be
oriented towards the fulfilment of the identified customer
requirements. Thus the task includes recognizing new
productivity requirements, product performances to be
enhanced, new functions to be fulfilled, new properties or
features of the system. In order to prioritize the actions to
be taken, the guidelines for performing the changes of the
production process have to be driven through the
identification of value bottlenecks. With the aim of
performing this task and defining re-engineering activities
aimed at obtaining improvements of a business process
that are focused on the impact that each phase has on
the value generated for the users, a methodology based
on Process Value Analysis has been developed by the
authors [1]. The proposed approach allows the
identification of proper metrics to assess a set of
product/service requirements intended to ensure
customer satisfaction. On the base of such metrics the
evaluation of the impact of each phase in the perceived
value of products and/or services is performed with
respect to the employed resources. The results of this
assessment are used to systematically synthesize
suitable guidelines for both process evolution strategies
and resource reallocation activities, allowing to preserve
or improve market competitiveness of products and/or
services.

Several case studies in very different industrial sectors
have been analyzed with the aim to test the robustness of
the proposed method. These case studies were mainly
related to well established business processes, needing
improvements to preserve the competitiveness of the
delivered products/services in a crowded marketplace.

In this paper the application of the methodology in an
emerging field is presented, i.e. the woody pellet
production process. This sector presents high business
opportunities in Italy since the market demand of such
kind of energy sources has grown dramatically in the last
five years. However the poor performance arising out of
the industrial processes still under development, doesn’t
allow the complete exploitation of the biomass resources,
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thus the market demand of woody fuels remains
unsatisfied. In such context the paper tests the
applicability of the developed approach also for industrial
processes experiencing such kind of under capacities, as
well as concerning not yet established business ideas.

The paper presents: in section 2, a brief literature review
of tools and methods dedicated to support business
process re-engineering tasks; in section 3, the approach
developed by the authors in a version customized
according to the objectives faced in the case study; a
detailed description of its application to the production
process of solid woody fuel in Italy in section 4. The
results arising from the case study case are discussed in
section 5, that includes also the conclusions.

2 LITERATURE REVIEW

Many methods, that are mainly related to the field of the
Business Process Re-engineering (BPR) [11-13], have
been developed aimed at addressing redesigning and
innovation tasks of business and manufacturing systems.

An integrated multidimensional process improvement
methodology has been proposed in [14] to address the
yield management, process control and cost management
problems for a production process. The Total Quality
Management (TQM) is used to manage the cost of the
system according to the quality requirements and a
discrete event simulation is used to perform process re-
engineering and process improvement.

In [15] a method has been proposed which supports the
practitioners in developing a new improved business
process starting from the current design based on a
heuristic approach. The method has been extrapolated
from different successful best practice approaches to the
BPR problems available in the literature survey. They
have been synthesized in a check list to support process
redesigning by taking into account different management
approaches: Total Cycle Time compression, Lean
Enterprise and Constraints Management.

In [16] an investigation of BPR methodologies employed
in different companies making products on engineering to
order basis (ETO) that typically find business
opportunities by the ability to respond to customer
requirements, has been performed. The results show that
BPR methodologies cannot be applied to such kind of
companies since they are not able to manage different
business units as in the case of collaborating companies.

A methodology to assist the user in identifying the most
appropriate lean manufacturing tools and techniques to
address the problems of a particular company through a
gquantitative compatibility assessment has been proposed
in [17]. The results confirm that lean manufacturing tools
may have a major impact only on specific areas of the
business but not for companies experienced problems in
areas such as under capacity, scheduling and innovation
in products and processes, which are all topics, that are
not directly influenced by lean manufacturing methods.

The approach based on Balanced Scorecard (BSC) [18]
provides a systematic tool for BPR by combining financial
and nonfinancial performance indicators in a coherent
measurement system. Four metrics are defined according
to a selected strategy, and the company’s processes are
aligned towards this strategy. The company is evaluated
in four areas: the financial perspective; the customer
satisfaction; the internal business process view based on
the concept of the value chain; a final index comprising
the innovation and learning perspective. As stated in [19]
BSC suffers from limits based on invalid assumptions
about the innovation economy: its rigidity, its conception

of knowledge and innovation as a routine process and its
focus on the internal processes of the company,
neglecting the relationships with the environment, make
the BSC an insulfficient tool for understanding and dealing
with the innovation economy.

A number of works approach the problem of dealing with
concurrent issues in terms of costs management and
product requirements; a recent example is [20], where the
integration of Value Engineering and Target-costing
techniques is proposed to support the product
development process in an automotive company. Such a
methodology was applied to a case study aimed at
improving costs and performances of a vehicle engine-
starter system, according to customer and company
needs.

Several works in literature demonstrate that BPR has
failed to meet its expectations; among the others, [21]
shows that 60-80% of BPR initiatives have been
unsuccessful. The most frequent and harsh critique
concerns the strict focus on efficiency and technology and
the disregard of people in the organization that is
subjected to a reengineering initiative. Very often the
label BPR was used for major workforce reductions with
the aim to decrease organizational and production costs,
instead of being able to suggest any kind of improvement
based on process innovation. Moreover the analysis
performed in [22] suggested that in order to obtain
successful BPR initiatives, redesign efforts should be
focused not only on cost and time reduction but mainly on
the areas of the business process having the most direct
impact on customer value. These results show that
managers must reengineer their core processes starting
from the customer perspective.

In such a context the Product and Service Systems
(PSSs) approach has been developed in [23] with the aim
to provide a product additional value, base a growth
strategy on innovation in a mature industry and improve
the total value for the customer thanks to increased
servicing. However there are few examples of complete
PSSs designed on a life cycle basis in companies. This is
due to a number of uncertainties concerning the
characteristics of the PSSs, among the others:

e readiness to adopt the PSSs into a company’s
strategic decisions. The shift from selling products to
providing PSS entails substantial changes in the
companies’ structure and organisational frameworks,
production and marketing strategies;

e readiness to accept the PSSs by consumers; little
research has been conducted on evaluating the
impact of PSSs paradigms and their profitability for
consumers.

In order to overcome these limits a general
methodological framework for PSSs design and
implementation still requires to be developed.

Many other approaches available in literature suggest
guidelines for business re-engineering activities mainly
focused on cost reduction without taking into account any
aspect of the benefits the product or service generates for
customers.

3 METHODOLOGICAL PROPOSAL

The identification of value bottlenecks is performed by a
classification of the business process phases based on
the value they generate for the customer in terms of
product requirements, taking into account the amount of
the employed resources. The procedure for the
identification of the phases that do (or do not) contribute



at a proper extent to generate value along the business
process can be summarized in the following steps:

1. information gathering, carried with proper techniques,
allowing to determine the relevant process phases
and the extent of the employed resources;

2. identifying relevant customer requirements and their
relative importance in order to create value;

3. determining the degree at which the phases
contribute to fulfil the previous mentioned
requirements;

4. calculating the overall value of each phase;

5. evaluating the directions of improvement for the
considered business process.

In the following a brief description of the above mentioned
steps already proposed in [1] is reported, with a specific
emphasis on the customization needed according to the
objectives of this paper.

3.1 Gathering information and building the model of
the current business process

The first step of the methodology consists in performing
an accurate collection of the information about the
process and its operations, such as EMS (energy,
material, signal) flows, technologies involved, products
and services delivered, knowledge management means
and criteria and other resources. The information
gathering allows to segment the business process in a set
of phases.

If well-established business and manufacturing practices
are usually documented in books and in the scientific
literature, poor knowledge can be gathered within new,
pioneering or under development industrial processes.
Thus experimental data and the tacit knowledge
belonging to enterprises’ internal resources (managers,
directors, but even employees) play a major role in
collecting information for a starting business.

Within business and manufacturing processes it is
recommended to employ proper modelling techniques,
such as the ones of IDEF family, that play an
unquestionable role in making the acquisition of
knowledge related to the as-is state easier. Among these
modelling tools, IDEFO allows to create diagrams suitable
to represent the functions performed within business and
manufacturing processes. However the technique fits
processes representation [24], since the system functions
that can be modelled include activities, actions,
operations.

IDEFQ’s graphical format with “box and arrows” allows
within process modelling to schematize the operations
involved (the boxes), as well as EMS flows and
transformations, controls, employed technologies and
personnel competencies (through the formalized arrows).
Thanks also to its hierarchal representation of activities,
that is useful in revealing further details of the business
model, IDEFO returns as an output the whole set of
phases, univocally defined by their function and flows.

Although IDEFO allows to highlight, along the whole
business process, a large amount of inputs and outputs,
in the context of this research, the analysis requires a
more careful investigation about the resources employed
in the system. The information about monetary flows,
amount of labour, operational times, needs for physical
space and the whole set of involved resources and
harmful effects generated when performing the process
(i.e. environment pollution, tools and machinery
consumption) has to be summarized in the process
model. Particular attention has to be paid towards those
resources and drawbacks that constitute significant
hurdles to access the market in consideration of the as-is

process. The IDEFO model has been here customized in
order to map these flows of resources. It is worth to
mention that in scientific literature there are several
papers where the original formalism of the IDEF language
has been customized according to the specific tasks or
objectives to be faced, as in [25].

3.2 Identifying the benefits and the performance of
the process

This step is addressed to evaluate the benefits generated
by the business process in terms of their own contribution
to determine customer perceived value and satisfaction.
The task is accomplished through the evaluation of the
value adding attributes pertaining the manufactured
products or the delivered services.

In the investigation of potential new business the attention
is firstly focused on satisfying the customer requirements
at an extent comparable with further competitors, besides
specific objectives of the developed project and the
minimal technical attributes, requested by laws or other
restrictions [26]. Since all these requirements represent
attributes that the product should hold in order to access
the market, it is assumed that the benefits originated from
the business process reside in fulfilling these
requirements.

According to this statement each requirement is indicated
with the denotation CR and it is weighted by a relative
relevance index (R) in accordance to its role in
determining the contribute to let market access and to
boost customer perceived value. A scale from 1 to 5 will
be adopted for this purpose, whereas 5 represents the
highest importance.

3.3 Identifying the phases’ extent in generating
benefits

In order to relate the business process steps with the
value perceived by the customers, it is hereby remarked
that each phase contributes totally or partially to ensure
the product requirements. Thus, in the scope of business
process re-engineering activities, the proposed procedure
requires mapping the product attributes underlying the
accomplishment of each CR. Subsequently the phases,
properly identified in the step 1, that modify or somehow
deal with those attributes are evaluated by the business
process experts in order to define their relative
contributions in fulfiling each CR. These relative
contributions give the possibility to determine for each
phase its own Phase Overall Satisfaction (POS),
representing its extent to bring customer contentment and
to gain market acceptance. The phase coefficients POS;j
are calculated as follows

POS = X kij x Ri €))
where:

e ki is the relative contributions addressed to the jth
phase in ensuring the achievement of the ith CR;

e Rirepresents the relative relevance index of the ith
attribute.

3.4 Determining the overall value of the process
phases

The purpose of this step is to perform a comparison
among the process phases in terms of parameters related
to customer satisfaction and the resources needed for
their accomplishment. This task is accomplished by
evaluating the ratio between the POS of each phase and
the related resources that are employed; such approach
is based on the logic of Value Analysis (VA) [27]. With
respect to the traditional application of VA mainly
addressed to evaluate the ratio between performance of a



function and costs, in such context it is applied
considering the total amount of resources spent by the
business process phases to guarantee the CRs, as well
as drawbacks and harmful effects arising in pursuance of
the activities. Such modified ratio represents the degree of
ideality of each phase as defined in the TRIZ Theory [28],
thus representing an evolution of the well-ascertained
value expression of VA, that relates just benefits and
costs. Moreover, in its widest meaning, the degree of
ideality indicates a ratio between the value delivered by a
certain system and all types of expenses and investments
needed to produce this value [29].

Within the context of business processes it is suitable to
consider the whole range of resources spent (occupied
space, information and know-how, labour time, energy,
materials, dead times) and measure their extent, in order
to use value and ideality formulations for calculating
guantitative indicators. Long elapsed times to perform the
phases can represent hurdles to gain competitiveness in
the market. The activities duration has to be considered,
although quick response strategies [30] are mainly
focused to established business sectors, that include time
among the most meaningful competitive factors, due to
the need to speed up the continuous introduction of new
items in the market. All the kinds of the other employed
resources can be compared in terms of the expenses
deriving from their employment, so to be evaluated with
uniform units of measurement.

With regards to the harmful effects, they will be soundly
considered in value calculation when representing barriers
to access the market or problems affecting the stability of
the system, as well as the repeatability of the process.

When resources costs, meaningful elapsed times and
harmful effects coexist in the business process, experts
have to weigh their relative relevance, introducing
corrective coefficients for the calculation of phases overall
value.

Due to the previous evaluations, the overall value of the
jth process phases (POVj) is calculated through the
formula (2):

POSj

POV = X ; , &)
cxCj+txTj+hxHFj

where:

e (jrepresents the total costs incurred to carry the jth
phase;

e Tj indicates the time spent in completing the jth
phase;

e HFjis the estimated extent of harmful effects arising
from the jth phase;

e ¢, tand h stand for the coefficients that measure the
relevance of expenditures, elapsed times and
drawbacks in hindering the market access.

The value of the latter coefficients depends on the

maturity of the technology under analysis, as analyzed in

[31].

3.5 Prioritizing the directions for improvement

This stage of the methodology is meant to rank the
process phases according to the calculated values. The
POV indicators are suitable to identify business process
strong points and constraints among the phases. The
phases showing a high POV rate can be considered to be
tailored to the business process and their employed
resources are well spent in generating customer
satisfaction, whereas the ones with low scores can

represent problematic issues and bottlenecks in the value
creation process. By the point of view of value creation
the most problematic phases have to be analyzed
carefully, since they have the biggest priority in
performing modifications for  Business  Process
Reengineering. Through such analysis suitable actions
can be defined to perform process re-engineering tasks
focused to preserve/improve the value perceived by the
customers.

4 CASE STUDY: WOOD PELLET PRODUCTION

Solid biofuel obtained by the sustainable exploitation of
forest resources represents a relevant complementary
source of energy to oil and its derivatives. In the last two
years the market demand of solid biofuel in Italy has
dramatically grown and it represents a business
opportunity for a lot of rural areas: one of these is the
Appennino Tosco-Emiliano. Two different kinds of solid
biofuel are obtained by the exploitation of the forest
resources and sawdust:

e wood chips: pieces of wood having overall
dimensions of 25 X 30 X 20 mm, maximum moisture
content of 20% in weight, average market price 70
€/Ton;

e pellets: cylinders of pressed sawdust having a
diameter of 6 or 8 mm, height of 35 mm, moisture
content of 10% in weight, average market price 180
€/Ton.

Table 1 shows an example of local exploitation of

biomass resources, referring to a small area located in

the Appennino Tosco-Emiliano (Italy). In this region the
amount of biomass obtained by the sustainable
exploitation of forests during a year, may constitute an

energy source able to satisfy the needs of about 6600

housing units making them almost independent from the

oil derivatives. The available resources are: wood
sawdust having a very low content of moisture coming
from wood industry and wood waste obtained by the
maintenance operations of the forests and the urban

green, that is supplied in form of pieces of tree and has a

high moisture content.

A preliminary analysis of the business process showed
that the wood waste is used mainly to manufacture wood
chips, while pellets are just manufactured from sawdust.
As shown in Table 1, the yearly availability of the wood
coming from sawmills is smaller than the amount coming
from forest and urban management. Actually the business
process related to the production of woody fuels is able to
satisfy the market request of wood chips, while a big deal
of pellets market demand is still unmet.

Pellet production therefore constitutes a relevant case
study to demonstrate the applicability of the methodology
developed by the authors in the context of under-
capacities.



Moisture Estimated Estimated
Origin content o availability
i ) availability
(in weight) after 10 years
Wood from
industry 10% 5000 6000
processes
Wood
coming from £n0
forest 35-50% 25000 50000
management
Wood
coming from - 1 54 2000 10000
urban green
management

Table 1: woody biomass resources available in the
Appenino Tosco-Emiliano (tons/year).

Each step of the method summarized in the previous
section is presented in details hereafter.

4.1 Building the model of the current business
process

The IDEFO model of the manufacturing process is shown
in Figure 1. The system modelling determines the
segmentation of the process in six phases: Al Trituration,
A2 Purification, A3 Dewatering, A4 (second) Trituration,
A5 Pelletizing, A6 Cooling and packaging.

According to Figure 1, the process used to produce the
wood chips starts with the trituration (called “chipping”) of
the wood biomass in order to obtain chips having overall
size of less than 30 X 30 X 30 mm. The next phase is
aimed at purifying the obtained wood chips by removing
any kind of impurities (such as solid particles, glass, iron,
etc.). In order to avoid fermentation, the moisture content
is reduced to 20% in weight: dewatering is performed
using thermal heating and at the end of the process the
wood chips are cooled in air. In the next phase the wood
chips are further triturated up to the size of the sawdust
for the pelletizing phase. The pelletizing of the sawdust
produces a not negligible heat due to the high friction of
the extrusion die, thus the pellets require to be cooled at
the end of the process before the final packaging.

& Ton of Wood

The resources to make the system work properly range
from energy to labour and space occupied by tools and
machinery. In Table 2, the power consumption of each
phase of the process is surveyed. The dewatering phase
requires a high energy consumption in order to reduce
the moisture content of wood chips from 50% to 20% in
weight, the thermal process usually requires 3600 MJ for
each ton of removed water. Also different relevant
resources are indicated in the same Table, that shows
that the pelletizing is accounted to a large involvement of
human skills in terms of labour, experience and know
how, while the machines addressed to perform the
dewatering stage show the largest size.

Phase Al | A2 A3 A4 A5 A6

Energy
consumption
(MJ/Ton)

54 | 18 | 1260 | 216 | 25.2 0

Personnel
involvement
(labour
hours/Ton)

01|01 0,3 01|05 | 03

Space
consumption
(plant portion)

01|02 ]| 035 01| 01 |05

Table 2: resources consumption for each phase of the
process.

As shown in the IDEFO diagram (Figurel) there are some
output flows of energy wasted from several phases of the
process that constitute unexploited internal resources of
the system (such as: the heat content discharged by the
cooling phases, the heat content of the air ejected from
the dewatering furnace, etc.) as well as the materials
extracted by the purification process and the water
obtained during the dewatering operations. While the
materials extracted by the purification phase may
constitute market opportunities, the thermal flows
discharged during the process show temperatures that
don’t allow their convenient recycle for other tasks of the
process.

B Ton Wood pellet

b
50 % moisture Wood Chips Impurities 'u".ioc:d Chips 0 Ton of Wood Chips in bags
. ; 50% moisture  (stggl, irpn)  50% moisture : - A
Dimension > 100 MM 3 5 30 % 30 mm 7 = 20°C 30 X 30 X 30 mm 8 % moisture T=20C
T=20°C T = 20°C T=20°C T = 20°C 300 30 % 30 mm 8 % moisture
A T=120"C - ~
ir -+
/ T=260"C A Ton of Wood chips
Trituration Moisture 80 % 30 % 30 x 30 mm
) 0 Ton of Sawdust 20 % moisture; T = 20°C
152&?{?" Purification J—ﬁy 2 mm -
q.f - }_mm i 8 % moisture Air T=60°C )
agnetic e T = 20°C
separator A2 Dewalering > -
Drum dryer s oW Ton Air T = 20°C Trituration B Ton Wood pellets
350 KW Ton g I B 6 ¥ 35 mm
ﬂ}' Iy Ad Pelletizing T=80°C
Grinding machine 10 % moisture
Fackaging A Ton of Wood Chips 15 kWi Tan
machine 20 % molsture Pellet press A A5 ’\EZ/
252 MJTon 30X 30X 30mm 60 T:;T""Tm T # Bags Cooling and |
T=120°C § P kani
AirT=20°C _xIn ) PECK3gIngG
In EII‘\ _H_H*——‘“—-;E—___;——_.H ——— ) )
cooling I * BB

Figure 1: IDEFO model for wood pellet manufacturing from renewable wood.




4.2 Identifying the benefits and the performance of
the process

In the current business process, the set of the critical
features to access market is constituted by five
requirements. A suitable lower heating value, LHV (CR1),
represents the main performance of wood pellets, since it
is intended to deliver the main function of providing heat;
this attribute holds the biggest importance and the
correspondent relevance degree is 5. The sector experts
have accounted with an importance level equal to 3 some
characteristics of the product referred to the licensing
laws, such as size (CR2), hardness (CR3) and brightness
(CR4). At last the availability of wood pellets in bags
(CR5) represents a further attribute for the manufacturing
process, but it is accounted for a minimal degree of
relevance (thus, 1). Table 3 summarizes the requirements
and their relative importance.

Attribute Ri
CR1 - LHV
CR2 - Size
CR3 - Hardness
CR4 - Brightness
CRS - Availability in bags

RPlWwlw|lw| o

Table 3: wood pellets attributes and their accounted
relevance.

4.3 Identifying the phases’ extent in generating
benefits

As the methodological section describes, the phases’
extent to generate satisfactory products is evaluated
through the introduction of kij coefficients. Such
coefficients are assessed by process meta-experts.

The estimation of the kij indexes takes in consideration
that the most relevant CR (lower heating value), is
determined mainly by the dewatering phase, while the first
trituration phase gives a minor contribution. The
assessment can be explained through the parameters
influencing the performances of the dewatering process
based on thermal heating (quantity of the evaporated
water and the productivity): dimensions of the raw
material at the inlet of the furnace and temperature of the
process. CR2 (Size), CR3 (Hardness), CR4 (Brightness)
are determined mainly by pelletizing since in this phase
the sawdust is pressed and shaped up to the dimensions
of the pellet. CR5 (Availability in bags) depends mostly on
packaging and on the size of the pellet, determined by the
pelletizing and the second trituration.

Table 4 summarizes kij coefficients, while Table 5 shows
the calculation of POS;j indexes through (1), thanks to the
values of Ri shown in Table 3.

Phase | CR1 | CR2 | CR3 | CR4 | CR5
Al 0,4 0,1 0,0 0,0 0,0
A2 0,0 0,0 0,1 0,2 0,0
A3 0,6 0,0 0,0 0,0 0,0
A4 0,0 0,2 0,0 0,0 0,0
A5 0,0 0,7 0,9 0,8 0,1
A6 0,0 0,0 0,0 0,0 0,9

Table 4: contribution of wood pellet production phases to
fulfil the system requirements.

Phase POS;j

A1l - Trituration 2,30

A2 - Purification 0,90

A3 - Dewatering 3,00

A4 - Trituration 0,60

A5 - Pelletizing 7,30

A6 - Cooling and packaging 0,90

Table 5: accounted satisfaction (POS indexes) arising
from each phase of wood pellet manufacturing process.

4.4 Determining the overall value of the process
phases

The study of the business process has highlighted the
main resources involved in the system.

The time to market doesn’t represent a critical factor for
the analyzed business process; moreover, the
manufacturing of pellets from wood waste doesn’t show
remarkably longer times than their traditional production
from sawdust. Thus the duration of the production phases
is not considered relevant for the examined value creation
process, as well as the undesired effects of the
manufacturing  phases (e.g. noise,  vibrations,
maintenance, etc), that aren’t actually pointed out.

Therefore the phases’ value estimation has neglected
operating times and drawbacks, focusing the attention
just on the employed resources. In other terms, the
coefficients ¢, t and h don’t play any role in this specific
case study.

The resources consumption has been normalized
assuming a reference production of 1 ton of pellet from
renewable wood. More specifically, the analysis has
included the expenditures for energy, labour and space
occupied by the plant. The costs related to the acquisition
of the necessary quantity of wood to produce 1 ton of
wood pellets have been neglected since such kind of
biomass is still considered as waste and currently it
doesn’t possess any economic value. The energy costs
have been calculated with reference to the consumption
of each phase in the treatment of 1 ton of wood pellets
and to the current price of the electric power. The
expenditures accounted to the labour for each phase
have been calculated through the accounted involvement
of the personnel in the production of 1 ton of wood pellets
and the hourly cost of the employed workers. The costs
involved for the space occupied by the plant have been
calculated dividing the monthly amount of real estate
expenditures for the industrial site by the potential
production of the plant in the same period, in terms of
tons of wood pellets. Then, such expenditures have been
split to calculate the amount accounted to each process
step taking into consideration the ratio of the space
occupied by the machinery utilized to perform the phases.

Thus, the expenditure values have been calculated
through the following (3), (4), (5).

Energy expenditure = phase required energy for
processing 1 ton of pellet X electric power cost 3)

Labour expenditure = employed labour hours for the
phase X hourly labour cost index 4)

Space expenditure = ratio of the space occupation for the
phase machinery X monthly real estate expenditure /
number of 1 ton batches of pellet potentially produced in
a month 5)

Table 6 shows the results of estimated expenditures for
the exploited resources and the phases overall values



POVj, consequently calculated through (2) and
subsequently normalized in order to obtain a percentage
score.

Phase | POSj | Energy | Labour | Space | POVj
Al 23 3,0 2,0 1,0 31,7%
A2 0,9 2,0 2,0 2,0 12,4%
A3 3,0 38,0 6,0 3,5 5,2%
Ad 0,7 3,0 2,0 1,0 8,3%
A5 7,3 11,0 10,0 1,0 27,5%
A6 0,8 15 2,0 1,5 14,9%

Table 6: Overall value POVj of each production phase,
estimated as the ratio between the contribution to the
customer perceived value (POSj) and the resources
consumption. Energy, labour and space resources have
been determined according to (3), (4) and (5) and are
expressed in €/ton; in grey the most critical process
phase.

4.5 Prioritizing the directions for improvement

As shown in Table 6, the dewatering task (A3) has the
smallest POV index, thus it represents the most critical
phase of the business process, since its contribution to
the creation of the value of the product, compared with the
other phases of the same manufacturing process, is not
proportioned to its consumption of resources.

Similarly, the second trituration phase (A4) seems to
present critical issues.

A more detailed analysis of the process, performed on the
basis of the above mentioned results, reveals that some
important limits of the production process of pellet starting
from wood waste are due to technologies that are not able
to treat, in an efficient way, biomass having a high
moisture content.

In order to obtain pellet with a high energetic yield, the
moisture content in the green biomass (approximately
50% in weight) must be drastically reduced. The
technologies based on thermal dewatering use rotating or
fluid bed furnaces that are fed by methane, oils, or a part
of the raw biomass. This involves high fuel consumption,
due to the meaningful amount of water that should be
extracted. The efficiency of the dewatering phase could
be strongly improved if the size of the biomass could be
reduced at the inlet of the furnaces but unfortunately
current systems for wood trituration are not able to treat
biomass having a high moisture content. Moreover the
pressing technologies used for the pelletizing of the
sawdust are not able to dewater the biomass.

The analysis performed so far suggests improvements of
dewatering and second trituration phases by developing
convenient manufacturing technologies for wood pellet
production. The goal is to obtain wood pellets capable to
satisfy the CRs, using wood waste coming from forest and
urban green maintenance. In such a way the pellet market
demand could be totally satisfied thanks to a more rational
exploitation of the available biomass resources.

5 DISCUSSION AND CONCLUSIONS

The analysis of the scientific and technical literature in the
field of renewable energy confirms that the drying and the
trituration of the woody biomass are critical phases in the
production process of pellet starting from green wood. In
[32, 33] it is clearly explained that the drying process
based on thermal heating has a not negligible impact on
both quality and production costs of wood pellet and new
drying systems should be developed in order to make

more efficient the pellet manufacturing process in terms
of energy consumption and product characteristics
delivered to the final customer. In [34] it is claimed that in
wood manufacturing industry, drying is considered the
most relevant matter determining problems in process
controllability and high energy expenditures. Several
studies have been carried out and several technologies
have been introduced to improve this phase in wood
industry, as it is summarized in [35]. Furthermore,
previous researches performed by the authors aimed at
identifying the constraints of the pellet production process
in terms of throughput, has led to individuate the
trituration and dewatering phases as process bottlenecks
[36].

The aforementioned researches and several others,
widely confirm the results obtained by the application of
the proposed Process Value Analysis. Such evidence
provides a positive feedback for the applicability of the
proposed methodology for re-engineering activities of
business process experiencing under capacities in
satisfying the product market demand.

The proposed method allows the identification of the
critical process phases on the basis of the evaluation of
their impact in determining the customer perceived value
of the product attributes. This evaluation also takes into
account all the resources each phase involves in order to
guarantee such attributes.

As stated in section 1 the Process Value Analysis has
demonstrated its efficiency in business process re-
engineering tasks mainly related to well established
processes needing to preserve the competitiveness of the
delivered products/services in a crowded marketplace. In
this paper its applicability to another class of problems
concerning under development processes nhot able to
satisfy the market demand, whereas the customer
requirements are described by a set of goal attributes to
be performed in order to access the market. In this
specific case the test has been carried for a business
process with poor performances, which consequently
don’t allow the complete exploitation of both the available
resources, and the market demand.
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