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Preface
The report in front of you is the result of eight months of field research in Tanzania and several
months of writing back home in the Netherlands. Since it was my first time abroad, l've relied
heavily on the people in my immediate environment. So befare all others, I would like to thank
everybody who was somehow involved with the CiCa-house. You made my stay pleasant, and
even in the most difficult of times at least bearable. Thanks. I'll never forget you.
Bath Prof. dr. Szirmai and dr. ir. Lambert have helped me considerably after my return home,
and without them this report would have been of a considerably lesser quality. Besides their
academie merits, bath men were pleasant conversational partners, who have shown to passes an
incredible amount of knowledge of a wide variety of subjects.
The people of Urafiki, and especially those of the production department, have helped me wherever
and whenever they could. I wish them all the best, and hope Urafiki can soon become 'The flagship
of In dustrial Africa', again.
Jeroen Heggelman, September 24, 1996
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Executive Summary

This report is aresult of research conducted at Urafiki Textile Mills Itd., Dar es Salaam, Tanzania.
The practical objective of the research was to find ways to improve the energy efficiency at Urafiki.
The scientific frameworkin which the research should be placed is the project 'lndustrialization in
less industrialized countries'. In this framewerk the group 'Technology and Development Science',
part of the department 'Technology and Society' of the Eindhoven University of Technology, has
conducted many research projects in Tanzania. This report is one of them.
The practical objective of this report is justified by the fact that Urafiki spends a great deal of
money on energy. In 1993 it was found by Tirdo 1 that Urafiki had spent 26% of its total production costs on energy. Still, energy use at Urafiki is relatively normal compared toother Tanzanian
textile factories 2 . This does not mean substantial improverneut of the energy efficiency is not
possible and desirable. By introducing an extension to the management information system, the
energy efficiency can be improved in a sustainable way.
In this report a management information system is designed which tries, with a minimal amount of
investments and organizational changes, to provide management with information on the energy
use in the factory. Once the information flows are established, it becomes possible to manage
energy related processes. An increase in energy efficiency is thus achieved within the present technological framework.
In the present organization, no clear responsibility distribution for the use of energy exists. The
responsibility for energy use is placed with the engineering department, while it should be placed
with the production department. In this report, a reorganization of the engineering department
places the responsibility for the use of all energy in the hands of the production department.
The costing department currently has no detailed information on where energy is used within the
plant. Energy is, by all departments, considered to be an overhead cost, while it mainly should
be considered a direct production factor (direct cost). This prevents Urafiki management from
being able to hold users responsible, on basis of financial data, for their energy use. By seeing
the energy use as direct costs, the designed system changes this. To make the use of energy show
up in the costing department's charts, a cost center code is assigned to the major energy using
processes, throughout the factory. Thus, the cost center system already in use, is expanded with
an administrative system, specifically designed to register energy use in a meaningful way.
It is found that in the mills much energy is unnecessarily wasted by equipment which is operated
badly or suffers from sub-optima! maintenance. In the report a system is set up, which frequently
measures the functioning of those elements of the equipment, which are potential energy wasters.
The information which is obtained, is used to give stimuli to the people whoare responsible for the
energy efficiency. To achieve this, a feedback loop is set up for each potential energy waster. The
feedback loops guide the information through three departments of Urafiki. The departments each
fulfill their own task, and function independently from each other. This is necessary to prevent
falsification of data.
The design of the feedback loops is a big step forward, but it is also found to be insufficient tomeet
the standards for similar systems, as set by the BSI and ISO. In this report, standards used by
the ISO and BSI for quality control and environmental care systems are translated into demands
for an energy management system. lt is found the system of feedback loops needs some additions
to meet the demanding BSI 7750.
The entire system is designed to fit the Tanzanian circumstances. This does not only translate into
little or no possibilities for investments, but also into checking the used concepts on cultural biases.
It is found the ideas in use in Europe are not always usabie for East-African circumstances. Using
Hofstede's work 3 , a family-like structure is chosen as the basis for the organization supporting
the energy management system, and it is found that efforts to motivate people should be directed
more towards groups, rather then towards individuals.
Urafiki and its environment are seen as complex systems. System theory is used to describe both
1

[17, 1994]
de Valk,1996]
3 [9, 1980), [10, 1990)
2 [6,
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the company and its surroundings. It is acknowledged it is not possible to foresee all events and
links that exist in reality. Using their experience and knowledge, the people at Urafiki themselves
are supposed to solve most of the problems that might occur. In terms of system theory; the
people of Urafiki are the intelligence in the system, which must stabilize and improve the energy
efficiency.
The designed system, as presented in chapter 9, can lead to substantial savings on the cost of production, without much investment, without layoffs, without sophisticated equipment and without
drastic changes to the production system. lts effects will not be confined to energy efficiency alone,
but will lead to an improved overall control over the production process.
Objective of the scientific framework 'Industrialization in less industrialized countries' is to create a body of knowledge on industrialization problems in selected countries. Tanzania is one of
those countries. The problems encountered at Urafiki give a detailed picture on one aspect of
the management system in a Tanzanian company. Not just any company, Urafiki used to be the
'flagship of African Socialism'. The problems this company experiences withits energy use touch
upon many of the consequences of macro and meso-level policies. Tagether with the Tanzanian
culture, the implications of the socio-economie environment in Tanzania form the borders of maneuverability for the introduetion of any management information system. The links, established
in this report, between Urafiki and its environment might therefore also be used for other research
projects conducted at company level.

Chapter 1

Introduetion
1.1

Introduetion

This report is a result of a practical training performed at Urafiki Textile Mills Ltd. Ubongo,
Dar es Salaam, Tanzania, in the period of August 1995 to March 1996. Mission of the practical
training was to perform an energy audit, in order to conserve energy for Urafiki. During the period
Urafiki underwent a major rehabilitation, and did not produce at full capacity.
For various reasons, the energy audit has not been performed as was planned. What has been
clone is the construction of a system to help Urafiki control its energy use. The concepts needed
for such a system, together with the specifics as set by Urafiki, Tanzania and East-Africa form the
greater part of this report.

1.2

Research Question
How can the energy efficiency at Urafiki be controlled under the internal and external
conditions which the company is subjected to?

1.2.1

Sub-questions

1. Which elements in the (technica!) production system determine the efficiency of the energy

use?
2. Which organizational constructions are necessary for effective control of the energy efficiency
at Urafiki?
3. Which elements from Drafiki's environment influence its functioning?
4. In which aspects cause Urafiki and its environment modifications to concepts which might
be used in other circumstances?
5. How can the administrative system be modified, in such a way it helps Urafiki (management)
to control the energy efficiency?
6. How can different concepts from several scientific disciplines be integrated to help Urafiki
control its energy efficiency?
7. How can a system be arrived at which functions within the overall Urafiki management
system, incorporating all sub-questions?
11
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1.3

The Aim of the Research

The aim of the research is:
1. to help Urafiki save on its energy expenses,
2. to use scientific concepts to construct an energy management system for companies in industrializing countries.

1.4

Methodology

This report mainly uses four methods of data-collection:
1. The literature study. A literature study farms the basis of chapters 6, 7 and 3. In these

chapters almast no data is used which was collected during the research period in Tanzania.
2. The unstructured interview. The unstructured interview was used at Urafiki. The interviews,
conducted with many employees, at different departments, have resulted in a clearer picture
on how Urafiki functions. The unstructured or semi-structured talks have revealed problems
and structures which cannot be found in documents. The interviews have redirected the
research 1 towards organizational problems.
3. Observations. Observations can be split into a) observations on how Urafiki employees work
and b) observations on the equipment at Urafiki. Especially b) is important since it provides
the energy management system with the technica! details, which are necessary.
4. Data collection by documents. Urafiki has provided this report with many detailed documents on equipment, organization and the administrative structure. Chapter 8 has its roots
in the accounts chart, provided by the casting department.
A final word on the collection of data: it is by no means an overstatement to say that the collection
of data for this report has led tosome problems. Same data, which appear to be a first requirement
for writing a report on the energy situation in a factory, are missing. They could nat be obtained.
By setting up an energy management system, the lack of data is countered by a system that
creates data, and uses it to control the energy use at Urafiki. This way the problems encountered
have been transformed into the new research objective. In the words of the energy specialist: the
focus has been shifted from an energy audit to an energy management system.

1.5

Relevanee

First, the report is intended to be relevant to the management of Urafiki, which might use (parts
of) this report to save on energy expenses. Second, this report integrates concepts from different
disciplines to arrive at a framework, which can serve as basis for energy conservation projects in
circumstances where the environment is different from the circumstances the energy conservationist
is used to. Third, this report translates the frameworks for quality and environmental management
into terms suited for energy management.

1.6

A Reader's Guide

The report is written to arrive at the design of an energy management system. This design is
presented in chapter 9. The previous chapters each add elements/insights to the framework, in
which the design is made. Chapter 3 is (partially) an integration tooi for the other chapters. In
chapter 2 an introduetion is given to the energy situation at Urafiki. This section is meant to
1 which,

at first, was confined to an energy audit
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give only a glimpse of the problems at Urafiki. Herree its informal style. The introductions and
reader's guides at the beginning of the chapters are also written more casually than the rest of
the text. The last part of chapter 9 deals with feedback loops and, just before them, 'other policy
elements'. Together they form a policy which should be sufficient to reach the aim of the research.
By the nature of the report, reaching this aim is considered of greater importance than reaching
conclusions on the use of energy at Urafiki. These conclusions can be drawn quite easily once the
framework in which the observations should be placed is chosen. As a guide to the report each
chapter is discussed briefly below:
• In chapter 2 Urafiki is introduced and a sketch is made of the energy problems at Urafiki. The
chapter is included inthereport to provide the reader with some background information on
Urafiki and to create an idea on the real-life situation on the work-floor at Urafiki. Chapter
2 is not explicitly linked to any other chapter in the report.
• Chapter 4 describes the production system at Urafiki in terms of systems and engineering
charaderistics (elements) which determine the energy use of Urafiki. The chapter is included
to give the reader enough knowledge of the production system, and the terminology used to
describe it, to understand the construction of the feedback loops in chapter 9. Chapter 4 is
the engineering chapter of this report. It provides the energy management system framework
with the technica! elements which should be controlled. All other chapters provide concepts
to make this control possible.
• The chapter dealing with some cultural charaderistics of East-Africa, chapter 6, is included
in the report because of the implications, according to the used cultural model and data, on
what is the typical organizational structure for a typical Tanzanian company.
• The present organizational structures are described in chapter 5. Both chapters 5 and 6 are
included in the report because the organization structure is crucial for the well functioning
of an energy management system. Besides this, both chapters give more information than
the organizational/cultural aspects alone. Chapter 6 is also used for cultural implications
on matters that fall outside of organization, such as motivation. Chapter 5 also shows the
distribution of (some) responsibilities across Urafiki.
• Chapter 7 sets up the requirements for an energy management system. These requirements
are translated from the fields of quality control and environmental care (systems). To be
effective, the designed energy management system, as presented in chapter 9, has to meet
most of the specificabons introduced in chapter 7. Thus, this chapter serves both as a souree
of ideas and a checklist for what has to be present.
• A link between the company administrative system and the energy management system
is established in chapter 8. Energy accounting is introduced as an extension to the cost
center system already in use at Urafiki. The extension is needed sirree a) energy has to be
accounted like all other production factors ( ... !) and b) registration brings with it some
special problems, which fall outside of the everyday activities of an accountant. Chapter 8
makes it possible to integrate the costs of energy use into every day company practice and
provides Urafiki management with financial information on the energy use in the production
process.
• Chapter 3 serves several purposes. One is being an integration tooi for the other chapters.
It can be considered to be the theoretica! framework. System theory is used throughout
the report, but it is most clearly recognizable in the top-down approach, the description of
objects by certain characteristics, and by the use of a feedback loop as the main problem
solving mechanism. Chapter 3 uses the definitions and concepts from system theory to define
more precisely the concepts used in this report.
• In chapter 9 the energy management system is designed. Choices are made on what the new
organization should look like, on which elements from chapter 7 are present and missing, and
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on which aspects the feedback loops differ from the ones used in other designs. In chapter
9 no new elements are introduced. The elements presented in other chapters are integrated
to arrive at a strategy to improve Drafiki's energy efficiency.

1.7

Summary of Findings

• The current state of energy efficiency at Urafiki is uncontrolled.
• The current state of energy use at Urafiki leaves room for impravement by using an energy
management system.
• More attention should be given to the steam/fuel subsystem than to the electrical utility
subsystem.
• The present (January 1996

2

)

organization doesnotsupport an energy management system.

• Nobody feeis/is responsible for the use of energy in the present situation.
• Energy use is looked upon as overhead costs.
• It is not possible to determine all factors which influence the energy efficiency at Urafiki.

• The East-African cultural cluster makes modifications of western ideas on energy management necessary.

1.8

Summary of Recommendations

• Cap<:J.city utilization improvement should be a top priority for Urafiki management.
• Energy use should be treated as a direct cost expenditure.
• The energy management system as designed in chapter 9 should be implemented.
• lmplement (energy saving) improvements with little or no investments first. Then, reinvest
the money into the energy management system, in the shape ofmeasurement and registration
equipment, which make more complicated improvements possible.
• Management at Urafiki should behave like 'heads of the family', and he careful with the
application of non-Tanzanian management ideas.
• The engineering department should be thoroughly re-organized (as outlined in chapter 9).

2 Will

he used throughout the report

Chapter 2

U rafiki, Textile Factory
2.1

Introduetion

In this chapter a general profile of Urafiki, a textile mill in Dar es Salaam, is sketched. lts purpose
is to give the reader an idea of the factory which' energy efficiency is dealt with in the rest of
this report. For a more detailed description of the Tanzanian textile sector, reference is made to
Peter de Valk's 'African industry in decline'([6, de Valk,1996]). In this hook the Tanzanian textile
sector is set as an example for what has happened with African industries. Problems like foreign
exchange and capacity utilization are dealt with in detail. The hook also describes the way the
Tanzanian state and economy influence the textile sector. Such issues fall outside of the scope of
this report.

2.1.1

A Reader's Guide to the Chapter

The chapter is divided in several small sections, each dealing with a specific field of interest. The
second section (2.3) describes in general terms the energy situation (state of the (control of) the
production system). The final section is formed by conclusions.

2.2

The Friendship Textile Mill Itd., Ubongo, DSM

The 1 'Friendship Textile Mill' is a vertically integrated textile company, which covers the production stages from spinning up to processing (dying and printing). The company was established
under the Economie and Technica! Cooperation Agreement between Tanzanian and Chinese governments and was incorporated under the Companies Ordinance on the ninth of April 1966.
The size of the company

Friendship employed 3133 people in June 1993. In the spinning process there were 826 employees, weaving accounted for 1310 employees, whereas processing had 316 workers. The technica!
department employed 52 people. The remaining number of employees worked at the other departments. At the beginning of 1995 a restructuring took place. About 700 to 800 people were sent
on 'temporarily leave'.
Ownership of the company

Friendship is owned by the government, despite the privatization policies of the Tanzanian government. Since the end of 1994, the textile parastatals are no longerunder the Texco holding, and
now report directly to the Ministry of Industry and Trade.
1

This section (2.2) is an appendix taken from Saskia ten Brinke's master thesis ([16, ten Brinke,1995])
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Geographical location
The factory is located at Morogoro Road at Ubongo industrial area in Dar es Salaam.
Products
The textile company produces yarn, grey cloth and finished cloth. The production range is wide
and consists of six yarn counts, both warp and weft, and nine types of clothes. The products are
meant to be of high quality and are used by the medium to income levels in Tanzania. Friendship
sells its goods mainly to wholesalers. Export products are sold directly to the customers concerned.
The main importing countries for Friendship yarn are Germany, the UK and Bulgaria. For fabrics
the main importing countries are Mozambique, Zambia, Uganda and Bulgaria.
Production
The factory has three production mills. Two are used for spinning and weaving, the third is used
for processing. The technology used in mills one and two is labour intensive.
Constraints
Some constraints for the company are lack of inputs (e.g. raw cotton, dectricity 2 and chemieals), constant devaluation of the Tanzanian shilling and limited supplies of spare parts. General
problems of Urafiki are the span of control which is too wide, overstafred departments, high absenteeism, an ineffective management information system and a high labour turnover (1992 ... 19
percent). Urafiki has been experiencing a declining market share [6, de Valk, 1996). This might
be due to liberalization effects and less expensive imports from overseas.

2.3

Energy at U rafiki

egular energy auditing literature (such as Turner [3, 1992]) pays a great deal of attention to
decreasing the energy use of a factory by improving details of energy using machines. On basis
of the expected benefits and the estimated costs, economie indicators can he calculated. Be it
an NPV (Net Present Value) or a pay-back time, its purpose is to see if an investment in energy
conservation can be profitable. The result of this approach is a priority list of measures which the
management should implement.
R

he situation at Urafiki poses problems which ask for modifications of the standard solutions.
Within one or two weeks it is possible, even for an inexperienced observer, to construct a long
list of projects with a pay-back time of less than a year. However, attention should first he
given to maintenance, rather then investments, if any kind of sustainable impravement is to be
achieved. Maintenance is the top priority if the energy efficiency is to improve. On a number
of places insulation was lacking. The boilers were not in very good shape either, nor were the
air-conditioning units. Nor the transformers. Nor the heat-station. Detecting leaks is not difficult.
Still, it is easier to find steam traps which blow through. It can be concluded an improved system
of rnainterrance should improve the energy efficiency at Urafiki.
T

C onstruction errors can cause energy waste, just like lack of maintenance. No matter how well
maintained and operated, a small air-conditioning unit which must cool a production area where
steam use is almost the primary activity, has little chance on success. Especially if the walls are
'open', i.e. the walls are not one a plane, but a number of smaller planes, with access to open
air in between. Like windows without glass. In another area at Urafiki the inside temperature is
higher than the outside (equal humidity). All doors are closed. And the air- conditioning is active.
2 Urafiki at present receives electricity from two independent sources. Therefore it is likely the reliability of
electricity supply has improved.
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Studying the air conditioning in detail, it can be found much of the water, which is supposed to
cool the air, does not transfer its coolness to the warm air. Reducing its efficiency to zero. The
cooled air, in turn, is supposed to be transportedover large distances, by means ofpoorly insulated
pipes. The water, by the way, is not cooled sufficiently. The refrigeration units are out of order.
Due to Jack of maintenance.
One of the functions of a steam trap is to prevent water hammer. To do this the steam trap has
to be placed inthesteam flow entering the machine, not in the one leaving it, As is often the case
at Urafiki (Mil! three). This causes the equipment to deteriorate faster than necessary. Causing a
need for more maintenance.
A third category of factors which can lead to energy waste, is formed by bad operation of
equipment. Leaving the lights on while no one is around is a classic, starting up boilers for three
hours of use (start up time boilers : about one hour) is less wel! known. Wasting heat by not
closing insulated partsof machines, having many night lights switched on all day, not having light
switches at all, are also effective ways to waste energy.
C reating a detailed picture of energy use at Urafiki is hardly possible with the present equipment.
The only meters which measure an amount of energy passed can be found at the transfarmers at
the mills. Creating a Sankey chart is therefore not possible. Consequently the administrational
departments at Urafiki cannot be supplied with information on the use of energy by user groups.
In the case of steam/fuel consumption the best indicator is the amount of fuel bought from the
fuel supplier. The administration has ( consequently?) no interest to know a detailed picture of
where energy is used. The information is simply not available.
T he senior electrical engineer keeps record of the bi lis of Tanesco (electrici ty company). It is not
quite clear if he is also responsible for the use of electricity. Even less clear is who is responsible for
the use of fuel. All other departments point towards Engineering, yet Engineering does not know
all that much, since no measuring equipment is present. If parameters are measured (boilers),
sametimes they are not collected.
T he list could be extended. The purpose of this section is not to describe the situation completely, but to create a fee!. A Gestalt. This Gestalt demands: concentrate on a structural,
top-down, inexpensive and sustainable solution to improve the energy efficiency at Urafiki.

2.4

Conclusions to the Chapter

• Trying to improve the energy efficiency bottorn up, i.e. by improving every error on every
machine, leads to a shear endless list of ECO's 3 .
• Urafiki Jacks a systematic, factory wide energy monitoring system.
• Maintenance and operations control are not triggered by energy data.
• A detailed picture on where energy is used is not available.
• No one is responsible for energy use.
• The administration (costing department) has no detailed information on the use of energy.

3 Energy

Conservation Opportunities

Chapter 3

Systems Modeling
3.1

Introduetion

The chapter on system theory is meant to provide an integration tool for the previous and following
chapters. System theory is well suited to integrate these chapters, which contain information from
various scientific disciplines. System theory is an approach which can be applied to many branches
of science. System theory adapts two starting points:
1. Reality is built out of 'wholes' or 'Gestalts'
2. The environment in which a system is placed is essential to the functioning of the system.
Systems are stuclied while having interactions with their environment. Systems are open
The General System Theory (GST) approaches these wholes from the outside in(wards). The
elements that tagether form the wholes are interdependent. GST stresses the importance of the
interdependency of the elements; 'The sum is greater than its parts'.
The energy management system which is designed throughout this report is an 'intelligent' system.
It is characterized by the active use of information. Feedback mechanisms allow the system to
be directed towards a target value. Possibly destabilizing influences from the environment can be
neutralized if the influences are reflected in the values that are used in the feedback mechanisms.

F acing the problem of how to imprave the energy efficiency at Urafiki, it is necessary to take
into account a wide variety of factors. Technica!, economical, cultural and politica! elements out
of the environment all have their influence. To complicate matters, they also influence each other.
This report is written in the assumption it is not possible to identify and analyze all factors that
influence the energy efficiency at Urafiki. It is even more impossible to explicitly describe all the
relations that exist among them. GST does not require all relationships and all elements to be
known. GST looks at the systems as a whole. For the description of the behavior of a system it is
not necessary to have an analytic model on how all elements function and on how these elements
influence the whole (this is the mechanistic view).
A mechanism is needed which willlead to impravement of the energy efficiency at Urafiki. The
first step on route to impravement is chosen to be cantrolling the energy efficiency. When this is
achieved, the controlled state can be shifted to a more energy efficient level. Control is achieved
by a feedback (or/eed-forward) mechanism.

3" 1.1

A Reader's Guide to the Chapter

The terminology used in the first sections of this chapter is defined in appendix C and is based
on In 't Veld ([12, in 't Veld,1970]). In the first section the definitions which are necessary to
describe the energy situation at Urafiki in the setting of a system theory are given. The second
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section starts with defining the ideals, objectives, goals and targets. These four 'goals' are different
expressionsof what is hoped to be achieved by the energy management system, on a varying time
scale. The section continues with indicating which limitations are acknowledged to be set by the
environment in selecting successful strategies to achieve the earlier mentioned objectives. The
next section links the feedback models used in this report to a general feedback model taken from
engineering literature. The following section designs and defines the feedback system which will
be used in the report. The descriptions given are used throughout this report. In the graphical
presentations of the models, the element treated is shown enlarged as compared to its normal
state.

3.2

Modeling
A graphic presentation of the model can be found in chapter 9 on page 69

In section 3.2 the parts which are required by the use of system theory to describe energy use at
Urafiki are specified one by one. The graphical presentation on page 69 is a summary of some of
the specifications given in this chapter. The meaning of the concepts used in this chapter can he
found in appendix C.

3.2.1

The system

The system stuclied in this report is the management system at Urafiki. Not all charaderistics of
this system can be taken into account, so the system considered is a partial/ aspects system.

3.2.2

The subsystems

Several subsystems can be distinguished at a level just under the system (management) level:
1. The production subsystem, as identified by Wolters ([21, Wolters,1994]).

2. The monitoring subsystem.
3. The organizational subsystem.

3.2.3

The elements

The smallest parts considered

1

are:

• machines,
• individuals (individual persons having a rank in the organization).

3.2.4

Charaderistics

The charaderistics of the machines are identified by using the energy auditing literature. Some
charaderistics of a group of individuals are determined by Hofstede's work ([9, Hofstede,1980],
[10, Hofstede,1990]).
1 Later the black box is considered, which will he used as the smallest unit in the system. The characteristics of
the black box are obtained by descrihing the elements
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3.2.5

Relationships

• The main relationship between the utility and the transformation subsystem is formed by
the necessity of the provision of energy to the transformation system by the utility system
in order for the transformation system to fulfill its task.
• The main relationship between the utility subsystem and the heat recovery subsystem lies
in the fact that the heat recovery subsystem reeovers waste heat from the utility system.
• A relationship between the heat recovery subsystem and the transformation subsystem lies
in the fact that the heat recovery subsystem makes the transformation system ( and the
utility subsystem) function more effectively.
• Relationships between the organizational subsystem and all other subsystems can be found
in the way the systems have people 'attached' to them.
• The monitoring subsystem has relationships with the production subsystem and the organization subsystem.

3.2.6

The environment

The environment of the management system is formed by the educational level of the employees
and the culture of East-Africa, the elimate and the economic/financial circumstances at Urafiki
and in Tanzania in genera!.

3.2.7

The black box

The black box is placed at the technica! process and the organizationallevels up to and including
the 'responsible person'. In this black box a high degree of self organization is supposed to be
present.

3.2.8

The goal system

The production system according to Walters ([21, Wolters,1994]) equals an activities system according to In 't Veld ([12, in 't Veld,l970]) . A goal system is formed by the production system,
the monitoring system and the organizational aspects.

3.2.9

The system boundary

The system boundary is placed around the management system at Urafiki. With management
system at Urafiki all activities, people and structures used to secure the future of Urafiki from the
inside out is meant.

3.3

Objectives and Constraints

To be able to stabilize the system, it is necessary todetermine what the direction of the stahilizing
actions should be. This direction is determined by four statements, for varying time scales. The
statements should include the ideals, objectives, the goals and the targets of the energy management system. A target is a short term goal, a goal is a short term objective, etc .. The following
statements are made:
• the ideal of the energy management system is to maximize energy efficiency.
• the objective of the energy management system is to approach as well as possible a maximization of energy efficiency
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• the goal of the energy management system is to improve energy efficiency with at least 10%
in one year. Energy efficiency is defined as the minimum amount of energy necessary for a
process, divided by the amount actually used. (Note that the goals are formulated in terms
of improvement. Therefore it is not necessary to know the minimum energy necessary for a
process.)
• the targets are:
1. To control the energy efficiency of each individual process

2. To improve the energy efficiency of each process with at least 10 %.
Having set the goals and targets, we must select the strategies which are necessary to reach them.
The environment has implications for what is possible. At least the following relations with the
system have been identified:
• High interest rates

2

make loans hard to get. This limits the possibilities for investments.

• East-African culture is different from European. This limits the usability of theorems involving people
• Education levels in Tanzania are not up to European standards. Not enough employees at
Drafiki's have the capability to solve energy related problems. This eaUs for a deliberate
spread of knowledge over the factory.
• The elimate in Dar es Salaam is a factor in the technica! functioning of processes, but also
in the necessity of processes.
• The fluctuating ( =changing) environment causes a high degree of complexity. In order for
the system to he stable, self-organization 3 has to he introduced, to he able to deal with this
complexity.

3.4

Cantrolling the Processes by Monitoring

Taking a look inside the black boxes, the 'technica!' process ([12, in 't Veld,1970]) can be distinguished. Turner [3, Turner,1992] indicates which parameters need to be monitored to control
the energy use of a machine. The performance (efficiency) of the black boxes will be judged on
the values their charaderistics (by Turner [3, Turner,1992]) have. To control the black boxes, a
feedback or feedforward mechanism is needed. What happens inside is left to self-organization.
Van de Vegte [20, van de Vegte,1990] gives a generalized scheme fora feedback model. The model
includes input, summing junction, error signal, actuator, disturbance, process, output and sensor.
(An explanation can be found in appendix D). The function of process in the model of Van de
Vegte [20, van de Vegte,1990] is taken by the 'black box'. The actuator-function is also incorporated in the black-box. Input in the system is the flow of states which make the process fulfill its
task 4 . The sensor function is fulfilled by units of the technica} and costing departments. What is
measured is determined by Turner [3, Turner,1992].
2 at

least thirty percent. This is the annual infiation rate.
at black box level,
4 A state is a value which tells a certain function (machine) to act in certain way (as determined by the value)
to produce a certain outcome (as determined by the value and the function). A machine (function, process) might
need more than one value as input. In this case a vector of inputs is created. The 'flow of states' is formed by the
veetors incoming at sequentia! points in time. The 'flow of states' is the information which makes the process work.
3 starting
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Figure 3.1: The Process
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3.5

The Feedback Loops

As indicated by Lesourd and Jacques [13, Jacques et al.,1988], the first steps towards saving on
energy costs are formed by setting up a 'good house keeping' system. This good house keeping
system is given shape in the form a series of feedback loops, presented in chapter 9. The general
model as used by van de Vegte {[20, van de Vegte,1990]) is not completely transposable to the
problem at Urafiki 5 . Other models {[12, in 't Veld,1970]) mention a comparator. Such a device
compares the target values with the output (feedback). The comparator is incorporated in the
units of the technica! department and the costing section. Other elements are described below.

3.5.1

lnformation

The lines that are drawn in the feedback loops are largely information fiows. The process input
and process output consist partially out of energy and materials 6 . All other /in es consist strictly
out of information.

3.5.2

The Process

The 'process' is the black box in the chosen framework. It is described by its characteristics. The
process (Figure 3.1 on page 22) is self-organizing. A technica! process alone is not capable of
adjustments. So, whenever the process box (figure 3.2 on page 23) is shown, the following must
be considered to be inside the box :
1. The technica! process.
2. The people that work with the technica! process everyday
3. The person who is appointed by the organization to be responsible for the energy efficiency
of the technica! process.
Second and third item compose a 'higher order' regulator. They are expected to be able to adapt
to fluctuating environment. By making the people 7 that work with a process responsible for
solutions, and giving them the freedom to execute their ideas, higher management only has to
look at results, and not come up with solutions. They are probably not aware of all of the ins and
outs of a particular problem anyway.
5 As is explained is section 3.4 some functions which are single technica! object, are spread over several organizational 'functions' and vice versa.
6 information ?
7 This does not mean that this approach is necessarily bottorn up in all aspects. African culture might imply
that a worker does not speak up to hiss boss. In this case the person responsible has to come up with the solutions.
He will act as a father to wards his children.
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Figure 3.2: Example of 'technical process' in a feedback loop
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The technica} process

The technical process is the entity that must be guarded for energy efficiency to be controlled. The
technical process shows up in the feedback loop at the bottorn end of the picture. It is symbolized
by a redangular box {not dashed), in which the name ofthe processis written (Figure 3.2 on page
23). The word 'process' should not solely be associated with chemicalor mechanical processes. It
might just as well be linked to a logistic process, or 'simply' with routine check ups.

3.5.4

Process characteristics

The process charaderistics were identified by, mainly, using Turner [3, Turner,1992]. Cantrolling
these charaderistics, i.e. keeping them within a previously determined set of values, means cantrolling the use of energy of the process they describe. The charaderistics can be found in the
oval to the right of the feedback loop (Figure 3.3 on page 23). The charaderistics are different for
each process. Not all charaderistics can be controlled by applying engineering principles.

3.5.5

Frequency (of measurements)

Frequency ( Figure 3.4 on page 24) is the number of times per time unit a certain charaderistic is
to be measured. This number {there can be more than one) can be found in a dasbed box, to the
right of the measuring point.

3.5.6

Measuring Point

The measuring point is the place where the measurements take place. 'Measurements' refers to
finding out what values the charaderistics have. The measuring point is symbolized by a small
circle, to the right of the process symbol (Figure 3.4 on page 24). The measuring point is where

24

CHAPTER 3. SYSTEMS MODELING

Figure 3.4: Example of Measuring Point and Frequency
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the information about the process characteristics is fed into the information channels that lead
to two the data processing centers, a technica! and a financial one. Consequently, there are three
channels attached to the measuring point. The first one is the process flow, proceeding from the
process to the measuring point. The second one is the process flow from the measuring point,
going to another process. Third is the characteristics flow, going from the measuring point to the
data processing centers.

3.5. 7

Characteristics flow

The characteristics flow (Figure 3.5 on page 24) consists out of consecutive states of the process characteristics. Each state(-vector) has a value for every characteristic. The content of the
characteristics flow is determined by the measured qualities.

3.5.8

Process flow

The process flow (Figure 3.5 on page 24) is the total of properties that together describe the
process. Once the process has produced a certain state, id est a set of values, the process will
take on a new state. The process flow can thus be considered to be information produced by the
process, going to work on other systems, or simply going to waste. The process flow is a result of
the process and the process input.

3.5.9

Process input

The process input is the total set of inputs that is given to the process (remember that they are
not just energy and money, but also culture, organization, laws, motivation etc.). The process
input (Figure 3.5 on page 24) is built out of two elements : system input, and system feedback.
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Figure 3.6: lnformation channels
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System input

The system input is the input into the tot al system. The system input ( Figure 3. 6 on page 25)
equals the process input if there is no feedback.

3.5.11

Process Feedback

The process feedback (Figure 3.6} on page 25) is made possible by the data processing centers,
which create their feedback by processing the charaderistics flow. The feedback is given to the
person responsible for the process.

3.5.12

Responsibility

The person carrying responsibility for the process is given the feedback by the data processing
centers. The person responsible is necessarily also in charge of the process (see chapter 5). The
person responsible for the processis considered to be part ofthe 'process'. The 'responsible person'
can be found ( Figure 3. 7 on page 25) in an oval, just above the 'process box', usually a little to
the left.

3.5.13

Data processing centers

The data processing centers ( Figure 3. 8 on page 26) are normally built out of four sections. A
division is made between technica! and costing data processing. Another division is made because
of aggregation levels. Both the technica! and the costing branch have two levels. The first level
provides the second with data. The first level receives the process characteristics. The first level
then compresses the data and gives it to the second level. The second level again transfarms the
data, after which the outcomes are given to the 'responsible person'. The costing branch regularly
provides higher management with figures on the money involved with energy use.

3.5.14

Targets

The targets (Figure 3.8 on page 26) are provided to the second stage data processing centers by
the institutions that have set the targets. The targets enable the system to go in a certain, desired,
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Figure 3.8: Data centers
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direction. The targets are symbolized by two vectors, pointing downwarcis to the data centers.
Example

As an example we will use a boiler, part of a production process, that produces steam. To produce
steam the boiler uses oil. The man in charge of the boiler is the boiler engineer. His direct superior
is the 'over all' manager. A simple feedback diagram would look like figure 3.9 on page 26

3.6

Conclusions to the Chapter

• System theory allows different scientific fields to be integrated into one framework.
• When described by the terminology used in appendix C it becomes clear which elements
need to be present in an energy management system in order for it to function.
• The energy efficiency at Urafiki cannot be improved without taking the environment of the
management system into account.
• The environment and all subsystems have many, complex relations with the system.
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• It is not possible to describe all relations that exist between environment, subsystem, elements and system.

• Feedback mechanisms and self-organization do not make it necessary to know explicitly all
factors influencing the energy efficiency. The management system is stabilized (in terms of
energy use) by the use of incentives and the inherent intelligence in the organization.

Chapter 4

The Production System
4.1

Introduetion

In this chapter the machines and other technica! equipment of Urafiki are introduced. Together
they are called 'the technica! infrastructure'. The technica! infrastructure is essential to attempt
to improve energy efficiency. It is in the technica! infrastructure energy is used or wasted.

4.1.1

A Reader's Guide to the Chapter

According to a model developed by Wolters [21, Wolters,1994] the technica! infrastructure is split
into three parts or subsystems. All three (sub )systems are described on their main aspects. A
detailed description of the systems can be found in the appendices. The chapter is completed by
a section on the buildings of Urafiki, since they also influence the energy efficiency and are part
of the technica! charaderistics of the factory. The chapter ends with conclusions.

4.2

The Production System

In this report one aspect of the production system of Urafiki is looked at in greater detail. This
aspect is energy use. Energy use cannot be seen as an isolated phenomenon. It is related to other
aspects of the production system, since it is part of the production system. In other words; within
the production system the partial system of energy use is studied.

W

olters [21, Wolters,1994] divides the production system into three subsystems:
1. The transformation subsystem
2. The utility subsystem
3. The heat recovery subsystem

Definition 1 The transformation subsystem transforms the raw material into the desired commodity by using energy.

Definition 2 The utility subsystem makes energy available to the other subsystems in the right
quality and quantity.

Definition 3 In the heat recovery subsystem, residual heat is recovered.
Each subsystem can be divided into elements. Elements ofthe transformation subsystem are called
production unit operations. In the case of batch processes, Wolters [21, Wolters,1994] identifies a
fourth subsystem. This is the control subsystem.

Definition 4 The control subsystem controts the starting and ending times of the different batches.
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The Transformation Subsystern

The production unit operations which can be found in mills number one, two and three 1 are
presented in figure 4.1 on page 30. Figure 4.1 is taken from theESMAP-report [17, Tirdo,1994],
exhibit six, combined with Figure 3.1 from 'African Industry in Decline' ([6, de Valk,1996]).
Relevant elements for energy management
The distinction between which elements should be appointed to the transformation subsystem,
and which elements should be assigned to the utility subsystem is, at times, vague. Lighting
and air- conditioning are assigned to the utility subsystem. Primarily because they do not use
energy to produce a (half) product that can be sold. The only true elements of the transformation
subsystem are the machines. Almost all machines use electricity, leading to the following elements
for the energy management system:
1. kWh use
2. cos 4>
3. Ampère use
4. Total time of use
5. Voltage difference between phases supplied
Some machines also use steam, resulting in the following elements for the energy management
system (see appendix A and chapter 9 for unclear terms):
1. lnsulation
2. 'Heat demand'
3. Total time of steam supplied
4. Total 'heat' (Joules) used

4.4

The Utility Subsystern.

Two main subsystems can be distinguished within the utility subsystem:
• the electrical utility subsystem
• the fuel/steam utility subsystem

4.4.1

The electrical utility subsystem

A more detailed description of the electrical utility subsystem can be found in appendix A.

The electrical subsystem is presented in figure 4.2 on page 31. Electricity is imported from the
1 Explanation

of terms used in figure 4.1

Chemical finishing
Singing
Desizing
Scouring
Bleaching
Mercerizing

giving the fabric its final appearance by hardening (with starch) or softening
the burning off of small, extruding pieces of fiber from the fabric to smoothen it.
removing the starch by passing it through an enzyme salution
washing with eaustic soda to clean the fabric of fats before dying or printing
lightening the fabric by applying chemicals, for example hydragen peroxide
washing in a solution of natrium hydroxide with the fabric under
tension to obtain a shiny fabric that can withstand washing; this is only possible
for long staple cotton such as grown in Tanzania and Egypt
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Figure 4.1: Production unit operations in Mills one, two and three
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Figure 4.2: The utility subsystem and the heat recovery subsystem
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national grid (Ubongo substation is nearby and serves as a backup.) Electricity has three main
purposes :
1. Provision of power for the electrical engines in for the weaving, spinning and other producing
machines.
2. Provision of power for the engines of the air- conditioning and refrigeration units.
3. Other functions, such as
• Lights
• Workshop machines
• Air-conditioning in office buildings etc.
There are two independent suppliers of electrical energy for Urafiki. One is the line directly from
the Ubungo substation, the other the generalline that connects the national grid to Ubongo (the
area). Both branches operate at thirty- three kilovolts (33 kV).
I n 1993 electricity consumption was 8,490,700, kWh [17, Tirdo,1994] equaling 30,566 GJ. Duringa survey in July 1994 an average power demand 0.85 MW was measured, with a maximum of
1700 kVA. Demand peaks were recorded during the morning (start up?) hours. For the electricity
use Urafiki was chargedatotal of 374,539,570 Tsh, being twelve percent of total production costs.
Specific electricity cansumptian is dependent on the quantity of production. It was found that
producing at 3,000,000 meters of cloth per month is the most electricity efficient [17, Tirdo,1994]
production quantity. It is likely the relationship between electricity efficiency and capacity utilization is such that the higher the capacity use, the better the electricity efficiency. Toussaint [5,
Toussaint,1994] has found similar results fora brewery, which also used both steam and electricity.
The graph in ESMAP [17] shows a tendency for specific energy consumption to decline with capacity utilization improving. The condusion that there is an optimum at 3,000,000 meters per month
is doubtful at best. So, a gaad way ta imprave energy efficiency is ta imprave capacity utilizatian.
This gaes far electricity, and prabably far fueljsteam as well. Still, in this report little attention is
paid to capacity improvement. Primarily because this should be company goal anyway. Capacity
utilization impravement falls outside of the scope of this report, which focuses on energy efficiency
impravement through control ofthe energy use, within the present technological framework. Other
options such as investments, capacity utilization improvement, change of products and change of
energy sourees are not considered.
Relevant elements for energy management

The electrical utility subsystem has elements that play a role in the energy management system.
The elements are divided into two groups:
1. Electrical infrastructure autside the mills.
• The charaderistics that need to monitored are: Ampacity
determine the electricity bill and the transformers.

2

,

kWh use, factors which

2. Electrical infrastructure inside the mills.
• The charaderistics that need to watched are: lighting, kWh use, air- conditioning,
electrical engines.
2 Term

used by Turner [3, Turner,1992] to indicate the capacity a conductor has totransport currents.
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The steam/fuel utility subsystem

A more detailed description of the steam/fue/ utility subsystem can be found in appendix A.

The steam/fuel utility subsystem is presented in picture 4.2 on page 31.
In 1993 (sixty percent capacity utilization) fourteen per cent of all production costs was spent
on fuel oil. This makes fuel oil (and what is clone with it) the most important subject of an energy
study. In 1993 5,617,200 liters [17, Tirdo,1994] offuel oil were used, equaling about 218,509 GJ.
Fuel is used by Urafiki only to generate steam. Therefore fuel is looked upon as part of the steam
system. Fuel and raw water are imported into the Urafiki premises. They end up as steam, usually
in Mill number three. Mill number three is the main steam and therefore fuel consumer.
Relevant elements for energy management

The steam/fuel utility subsystem consists of most of the elements that need attention.
1. the feedwater system
2. the boilers
3. the heat station
4. sizing and starching, steam consumption in mills one and two
5. steam consumption in mill three

4.5

Heat Recovery Subsystem

The heat recovery subsystem is limited to the return of return condensate. The subsystem is
shown in picture 4.2 on page 31
Relevant elements for energy management

The elements of the heat recovery (sub )system which need to be managed show similarity to those
belonging to the steam/fuel utility subsystem.
• functioning of mix-tank
• if condensate is returned

• heat station
• steam/ condensate pipes

4.6
4.6.1

Elements outside of the production system, but part
of the technica! infrastructure
Buildings

As described in the appendix A on page 101 , the buildings influence the effect of the auconditioning unit.
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4. 7

Conclusions to the Chapter

• Improving capacity utilization is an important way to imprave specific energy efficiency.
• Within the frameworkof an energy management system, the technica! infrastructure can he
reduced to a numher of charaderistics that need to he controlled.
• Most attention in the energy management system at Urafiki should he given to the steam/fuel
suhsystems.

Chapter 5

Organizational Structure
5.1

Introduetion

Readers familiar with literature on quality management systems or environmental management
systems know that within such systems the organizational structure of an institution (factory)
plays an important role. The organizational structure, as shown in an organization chart, presents
in a schematic way who is responsible for what but also who is answerable to who. A common
error in the field of energy conservation is that no one is responsible for (aspects of) the energy
use. In this chapter the reader is introduced to the general charaderistics of the organization at
Urafiki. The goal is to look for clues on where the responsibility for energy efficiency is placed in
the present situation.
A more detailed description of the organization can be found in the appendix B. In the main text
body only the most essential aspects of the organizational structure are discussed.

5.1.1

A Reader's Guide to the Chapter

This chapter introduces the departments at Urafiki one by one. Some departments receive more
attention than others. This depends on the role they play in the energy management system.
The chapter is started with an introduetion to the 'Top- structure'. This is the top of the organization. After that the Production department, the engineering department and the technica!
department are introduced. Other departments (which play a less important role) are introduced
later. The crucial relationship between the engineering department and the production department
is discussed in a separate section. At the end of the chapter some conclusions are reached.

5.2

Top Structure

The top structure of Urafiki is formed by the General Manager, his personal secretary, an internal
audit unit, the security and the heads of departments. The personal secretary, the internal audit
unit and the security are 'support units'. Mintzberg [11] would call them the support staff. The
heads of departments each represent their department during the weekly (?) meetings that are
held with the general manager. The following heads of departments are present at those meetings:
• production manager
• technical manager
• sales and marketing manager
• chief engineer
• financial manager
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General Manager

Int audit

Personal secretary

Security

MDAM = Manpower development, administrative manager
PM = Production Manager
SMM = Sales and marketing manager

CE = Chief engineer
PSM = Purchasing and supplies manager
FM
Financial manager TM
Technica! Manager

=

=

• purchasing and supplies manager
• manpower, development and administrative officer.
The top structure as presented in figure 5.1 on page 36, is essential to Urafiki. The general
manager is the only person in the organization that officially talks with all of the departments.
The weekly meetings form the only formalized place were all departments meet. So, according to
the organization chart the top structure is central knot in the central nerve system of Urafiki. By
far the biggest department is the production department.

5.3

Production Department

The production department can be divided into four parts (figure 5.2, page 37):
1. the spinning section
2. the weaving section
3. the processing section
4. the planning section
Most noticeable about the structure is the presence of maintenance units within the first three
(as listed above). The units take care of some of the maintenance jobs that need to be performed
inside the mills. The other maintenance tasks are left to the engineering department.

5.4

The Engineering Department

The engineering department can be subdivided into three sections: an electrical section, a mechanica! section and, as a part of the mechanical section, the civil section. The head of the civil
section is not presented in the organogram of the top structure of the engineering department, as
presented in figure 5.3. This because he is not part of the top three levels of the department.
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Figure 5.2: Top structure production department.
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Figure 5.4: Organization chart technica! department
Technica! Manager

Quality ontrol manager

Chief chemist

Senior lab technicians (2)

Senior chemist

a oratones
Spinning & weaving

5.5

Chemica! Iabaratory

The Technica! Department

The technica! department has around fifty employees [18, Tisco, 1993]. The objective of the technica! department is: 'To oversee the vital functions of cotton lint and polyester fiber testing, quality
control in spinning, weaving, processing and finishing as well as inspeetion of the whole range of
Drafiki's product mix with a view to improving textile quality parameters by strictly adhering to
ISO and TBS 1 standards'([18, Tisco,1993]). According to the Tisco report [18, Tisco,1993], the
technica! department also has a role in developing new products. It its also supposed to play a
role in the marketing activities of the company. Within the frameworkof the energy management
system, only the activities that involve quality control will be given attention to. The technica!
department has knowledge of both the production process and the techniques used by a quality
system. The organization chart of technica! department can be seen in figure 5.4 on page 38.
Within the technica! department there are two branches.
1. The quality branch. Headed by the quality control manager. This branch is concerned with

the quality of the products of the spinning and weaving sections.
2. The chemica! branch. Led by the chief chemist. Responsible for 'all processes in the chemica!
and dye stuff laboratory'. The branch main concern is the quality (and design?) of prints
for the various products.
So, the chemica! branch is mainly concerned with quality matters of the products of mill three,
whereas the quality branch is concerned with the quality of products in mills one and two. The
knowledge is spread accordingly over the sections (branches). The quality people have had training
in quality and textile, several chemists have degrees in chemistry.

5.6

Finance Department

The finance department has two branches.
1. The costing branch

2. The financial branch
1 Tanzanian

bureau of standar<ls. Uses a lot of British standards.
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The costing branch attaches a price to steps (units of operations) of the production process. It
is the costing department that wil! have to translate energy (dimensions) into money (monetary
dimensions). In the current system of cost centers no place for energy figures less aggregated
than the factory input level can be found. In other words; there is no energy administration. The
financial branch does not play a big role in an energy management program. One important aspect
though might be the (dis)approval of projects. Engineering or production might come up with
an idea to save on energy costs that requires investments. Finance has to decide whether such
a project is possible. The combination of an energy costing system, which makes energy losses
visible, and a suffi.cient priority for energy with the finance officials might lead to the availability
of funds to improve the energy infrastructure.

5. 7

Sales and Marketing Department

This department plays an insignificant role in the energy management system.

5.8

Purchasing and Supplies Department

This department plays the role which is indicated by its name. The role does not change because
of the energy management system. Purchase supplies (spare parts !.0.

5.9

Manpower Development and Administration Department

This department plays an insignificant role in the energy management system.

5.10

Engineering, Production and the Energy Management System

Within the framework of energy conservation engineering and production are crucial departments.
Production is the department which is responsible for most of the energy users. Engineering is
responsible for some energy users. More importantly, engineering has most knowledge about the
technology that is necessary for a successful energy program. In the current configuration, the
organization makes engineering responsible for the following energy users:
• boiler house and everything that comes with it
• (power)substation and all cables to the mills
• all electrical equipment inside the mills. Including:

- the electrical engines that power the machines. The machines themselves are the responsibility of the rnainterrance sections that belong to the production department.
• steam infrastructure outside the mills. Including:
- the heat station
• steam infrastructure inside mil! three, but outside the machines.
• all buildings (ei vil struct ures).
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Production departments responsible for all energy users that are not the responsibility of engineering2. Although production is responsible for (some of) the objects that use energy, production, in
the current situation, is not held responsible for the use of energy. The senior electrical engineer
takes notice of the use of electrical energy, which is easy because Tanesco sends the bills anyway.
Whether he is held responsible is unclear 3 . The costing section only keeps track of the total
amount of energy that is bought. This means that electricity is measured more or less correct,
but steam is measured by means of the total fuel bought.
T he division of responsibilities between engineering and production is one of the key problems
for the energy situation at Urafiki's. To create a better distribution ideas will be used from the
fields of environmental management and general organization theory. Finally the ideas will he
checked on a cultural bias.

5.11

Conclusions

• At Urafiki little attention is paid to the use of energy.
• No one is responsible for the use of steam and fuel.
• The responsibility for the use of energy and the overall responsibility for production (elements) is often separated, or distributed in an unclear way.
• The production department and the engineering department will play the most important
roles in the field of energy efficiency impravement
• The technica! department is used to monitoring certain aspects of the production process.

2 Small energy users that belong to, for instance, administrative units are not considered throughout this report.
They are assumed to be relatively small energy users compared to the energy consumption inside the mills.
3The senior electrical engineer, one of the key persons in the organization, was on a year's leave to Sweden. To
study. Most of his records were inaccessible during his study period.

Chapter 6

Culture
6.1

Introduetion

Many of the techniques which are used to improve the energy efficiency in western companies are
not taken from the engineering sciences. Today's literature, especial/y today's literature, makes
frequent use of non-engineering techniques. The validity of engineering sciences is independent
(more or less) of where a certain project is run. The validity of organizational and motivational
theories is very much dependent on where the theories are used. Most of the theorems which are
used to describe organizations and people originate from the western world. Usually from one
cultural area in the western world, the United States. These theories have been conceived and
tested using western experiences and data. Their validity is assumed to be universa!, once they are
validated for a certain group of people. However, the opinions of plastic surgeons usually are not
taken to be representative for the opinions of professional wrestlers. People realize the two groups
are different in many ways, and should be 'treated' differently. Apparently this way of reasoning
is not so obvious when giving advises to physicists in Germany one week, and farmers in Zaïre the
next. Maybe because many researchers have never been to Germany. And consequently assume
Germans and Zairians think the same way, act the same way and work the same way. Cultural
biases in theories are hard to discover, hard to accept and little work in this field has been done.
This chapter gives a summary of Geert Hofstede's findings on his research into work related values.
The field can best be described organizational anthropology. It produces insights into how different
cultures have different preferences for different ways of working. lts contribution can be found
in its finding cultural biases in theories which are part of the standard approach to solve energy,
quality and environmental problems in the western world, but might not be suited for East- Africa.

6.1.1

A Reader's Guide to the Chapter

The chapter consists of three sections. In the first Hofstede's work is introduced and definitions
are given. The second section deals with the consequences of the East-African cultural cluster for
organizations. In the last section conclusions on the chapter are presented.

6.2

Culture's Consequence

Culture has an influence on the way people work and the way organizations are shaped. Hofstede
gives two definitions for culture:

Definition 5 Culture
Culture is the col/ective programming of the mind which distinguishes the memhers of one group
or category 1 of people from another.
1 A group means a number of people in contact with each other. A category consists of people who, without
necessarily having contact, have sarnething in common: e.g., all women managers, or all people bom before 1940
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A more complete definition is [9, Hofstede,1980]:

Definition 6 Culture
Culture consists in patterned ways of thinking, feeling and reacting, acquired and transmitted by
symbols, constituting the distinctive achievements of human groups, including their embodiments
in artifacts; the essen ti al core of culture consists of ideas and especially their attached values.

Values are defined as follows:

Definition 7 Values
A value is a broad tendency to prefer certain states of affairs over others.

Culture is learned, not inherited. Together with personality and human nature, Hofstede thinks
that culture explains someone's behavior in certain situations.
H ofstede's work has led him to introduce four, and later five, dimensions by which cultures can
be divided into groups. The five are:
1. Power distance ([9, Hofstede,1980])

2. Individualism ([9, Hofstede,1980])
3. Masculinity ([9, Hofstede,1980])
4. Uncertainty avoidanee ([9, Hofstede,1980])
5. Long term orientation ([9, Hofstede,1980] and [10, Hofstede,1990])
The first four dimensions were found by analyzing questionnaires filled in by employees from one
multinational in different countries. The fifth dimension was found by letting Asians construct
their own questionaire. The other questionnaires were made by western researchers 2 . In the
following sections the first four dimensions will be discussed briefly. At the end the East African
(including Tanzania) score will be given. This score might have implications for the applicability
of organization theories to the energy problem at Urafiki. The fifth dimension is left out of
consideration. No data on East Africa were found for this dimension. The 'Confucian Dynamism'
is a great dimension to reveal differences between the European and the Asian way of thinking.
Urafiki is located in Africa, which can be considered neither European nor Asian. Unfortunately
an African Value Survey is missing in Hofstede's hooks, so all dimensions that were used might
reveal only those African values that are easily recognizable for the European mind.

6.2.1

Four dimensions

The scales

A graphical presentation of the scales used can be seen in picture 6.1 on page 45. Hofstede
constructs scales from 1 to 100. The highest score indicates astrong quality as indicated by the
name of the dimension. A score of 88 on the masculinity scale is significantly more masculine
than a score of 23, which is more feminine. High scores on power distance indicate a large power
distance. A high score on uncertainty avoidanee indicates astrong tendency to reduce unknown
risks. A low score on individuality indicates a collectivist's mind. High scores can be found on
the '+'side, low scores on the '-'side.
2 Makes

one wonderif there is such a thing as an African value pattem, which westemers do not think of.
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Power distance
Power distance is defined 3 as:
Definition 8 Power distance
Power distance is the extent to which the less powerjul memhers of institutions and organizations
within a country expect and accept that power is distributed unequally.

This definition stresses the role of the less powerful. This means that it is the workers at Urafiki
who determine the leadership style, not the managers or foreign experts. The East African cluster
scores 64 on hofstede's scale, with a 23 ranking. Germany, USA and The Netherlands score 35,
40 and 38. They rank 43, 40 and 38th in a 53 cluster sample. Combined with the facts that the
majority of Drafiki's workers is lower class (Tanzanian standards), or rather, lower skilled, and the
fact that lower skilied workers prefer a larger power distancé, leads to the condusion that power
distance should be substantial at Urafiki's. It seems safe to say that managerial theories that were
developed in The Netherlands, the USA or Germany (or Austria, which scored 11, ranking 53rd
!) should at least be checked on presumptions on small power distance. Striking example would
be the Dutch textile factory that partially relied on workers coming to the energy coordinator,
suggesting new ideas. This is less likely to happen in East Africa. The bigger power distance
will also lead to a tendency to centralize power in a few hands. This would explain the existing
situation of 'thinking in termsof the organization chart', which allows for all orders coming from
the direct superior, as indicated by the organization chart. The supposedly present salary gap
might not be found in Urafiki because of its communistic roots 5 .
Individualism
Collectivism has an opposite in individualism. The two are defined as follows:
Definition 9 Individualism
Individualism pertains to societies in which the ties between individuals are loose: everyone zs
expected to look after himse/f or herself and his or her immediate family.

Definition 10 Collectivism
Collectivism pertains to societies in which people from birth onwards are integrated into strong,
cohesive groups, which throughout people 's lifetime continue to proteet them into exchange for
unquestioning loyalty.

Comparing the rankings, within a 53 country sample, of The Netherlands, Germany, the USA
and East Africa leads to the following results 6 : The Netherlands ranks 4th, Germany 15th, the
USA lst and East Africa 34th. This means that all of the countries that have provided theories
for this report are significantly more individualistic than East Africa.
lmplications for running a factory are a direct consequence of the difference in perception
between the in-group and out group between individualistic and collectivist societies. Collectivist
societies, and the East African is considered at least relatively 7 collectivist, place the (in)group at
the center of the workplace. Individualistic societies the individual. The stress American quality
control literature places on motivation by rewards and goalsetting might not be effective in a
culture where the group status is considered more important than individual success. If bonuses
are given, they must reward an entire group. Standing out is socially unacceptable. So, just like
with power distance, individualism makes parts of the regular western theories on quality control
and environmental care less valid.
3 Like most of this chapter taken from Hofstede's cultures and organizations, will not he mentioned over and
over again
4
N ot taking into account counterdependenee
5 The fact that the salaries are more less equal does not mean that the honuses are as well. The 'entertainment
allowance' was notorious for heing suhstantial in comparison to the official salary. It goes without saying that a
chief engineer needs more entertainment than a machine operator. Let me stress that this (suhstantial allowances)
does not necessarily is the case at Urafiki. It rnight he.
6
The scores are 80, 67, 91 and 27
7 compared to NL,USA, D
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Femininity
The role of the femininity /masculinity poles for the everyday situation at Urafiki can mainly be
found in the relation between the superiors and subordinates. The East African cluster scores
more masculine than the Netherlands (which is very feminine), but more feminine than Germany,
Austria and the US. Since in the theories used in this report no statements are made about
relations between bosses and werkers, it appears best to let things go their own way, and see if
they are effective.
Uncertainty avoidanee
Uncertainty avoidanee can be defined in the following way:
Definition 11 Uncertainty avoidanee
Uncertainty avoidanee is the extent to which the members of a culture fee/ threatened by uncertain
or unknown situations.

The East African cluster scores almost the same as The Netherlands, some where in between
Germany (strenger uncertainty avoidance) and the USA (weaker uncertainty avoidance). The
differences between the clusters are not as striking as with, for example, individualism. Strong
uncertainty avoidanee translates into a preferenee fora clearly structured environment, id est many
rules. The rules should provide guidelines for as many situations as possible. East Africa does
not seem to score extreme enough to see clear differences between the theories used to shape the
energy management system, and what is desired in Tanzania. Within the designed system there is
room for management to design any number of rules. This way Urafiki management, which knows
its situation best, shapes its own environment, be it structured or more unstructured.

6.2.2

The organizational model

The four dimensions introduced affect the way organizations are shaped. The dimensions individualism and masculinity influence the thinking about people in organizations. Uncertainty
avoidanee and power distance influence the thinking about the way organizations themse/ves are
shaped. Hofstede recognizes four models that form the foundation under the way different cultures shape their organization. The models are: market (Anglo and NL, DEN and SWE), the
well oiled machine (D, SWI, FIN, AUT, ISR), the family structure (Africa, Chinese, South East
Asia) and the pyramid of people (Latin and Arab countries). The East African cluster uses the
family structure as the implicit model to its organization. Central figure is the 'pater familias', the
classic father in the extended family. This situation suits a large power distance, low uncertainty
avoidanee environment. Crises are solved by the highest in command, in a unstandardized way.
The extended family idea translated to departments could explain the lack of interdepartmental
communication. The other departments could he, unconsciously, experienced as 'out-groups'. The
total lack of any forma! attempt to tackle the energy problem might be explained by the low uncertainty avoidanee culture, which does not lead to building a routine in control systems. Crucial
is that Urafiki must be aware that the burden of initiating and maintaining the system, as wellas
solving most of its problems, lies with the management. By 'management' the superior in a group
is meant.
M intzberg [11, Mintzberg,1990]would probably classify Urafiki as a machine bureaucracy. This
because of its size, the standardization of the work and its ability to make a routine process
efficient. The dominant part of the machine bureaucracy is supposed to be the technostructure.
The staff people. The staff should provide the organization with new ideas. With a view limited to
energy problems, there is virtually no technostructure, let alone a dominant one. So, according to
Mintzberg, this is one of the first things that must he changed to arrive at a logical configuration.
The newly formed staff units must supply ideas to the eperating core, the strategie apex and
the middle line. The coordination of the work processes within a machine bureaucracy should
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Figure 6.1: Hofstede's four dimensions
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(Mintzberg) be clone according to standardization of the work processes. This is clone partially
at Urafiki. Most machine operators have a clearly defined task, with many routine elements in
it. The knowledge necessary for operating a machine is transferred by an initia! training program
which is given to every new machine operator 8 . Very few written instructions were found. When
asked, the heads of departments could show a hook in which the task of every job were outlined
in two or three responsibilities. By no means were he tasks described in every detail. Nor was an
at tempt made to do so. In other words, the jobs' contents were no specified in great detail 9 .
T he physical appearance of Urafiki and the nature of the activities that take place inside its walls
push the western observer towards concluding that the logica! configuration for this textile factory
is the machine bureaucracy. This forces him to conclude several elementsin Drafiki's organization
are al ien to the configuration 10 . Consiclering the fact that Urafiki is located in Tanzania might
lead to other conclusions. The East African cluster indicates that a family like structure flourishes
best in Tanzania. This family structure corresponds to Mintzberg's 'simple structure'. Traits of
this structure are the importance of the strategie apex, the older family members. On top is the
general manager, the father. The way coordination is achieved is by direct supervision. This
would explain the lack of detailed job descriptions. It creates the need for a superior to every
object that is to be controlled. In the designed control system this is the 'responsible person'. He
also receives the feedback results, so he is supposed to have the knowledge to know when action is
required. His superior also receives results on performance, and will therefore tell his subordinates
what to do. So, the feedback system creates a hierarchy similar to the existing structure, leaving
the family largely intact. The structure that exists at Urafiki nowadays, especially the structures
that are informal, appear to be a product of the culture in the East African cluster. Hofstede's
frameworkoffers a possible explanation of why the things are the way they are. Justas important,
the framework sets the limits for changes. It indicates what can be expected not to work. It can
be concluded that it is wise to try to stay as much as possible within the framework of the
simple structure. Urafiki should not be considered as a machine (full) bureaucracy, although it
has some signs of it. Apparently the weight of the African culture is stronger than the (western)
organizational theories that would call for staff units and more decentralization and cooperation.
Since the staff units (engineering) are the only ones with enough knowledge to solve the problems
machines might pose, and because energy is a problem of more than one department, there is a
challenge here. The problem needs to be solved, yet the solution must fall within the boundaries
set by the simple structure.

6.3

Conclusions

• Theories on motivation and organization are frequently culturally biased.
• Tanzanian culture has more collectivist's traits than the cultures which have provided this
report with its framework.
• The Tanzanian culture has a bigger power distance than the cultures which have produced
most hooks on energy management.
• The organization of the Urafiki energy management system should be basedon a family like
structure (simple structure).
8 Machine

operator is a rank, which will be used for anybody who is at the bottorn of the Urafiki hierarchy.
For the energy management system manuals must be written. Those manuals should contain procedures. The
degree of details is partially determined by the culture of the persons who write and use the manuals. In the case
of East-Africa a large part of the details that would be written in, for instance, German manuals, can be replaced
by orders from a superior. Somewhere in the organization the procedures must exist, however. The procedures of
the energy management system are partially determined by the loops in chapter 9. Actions will normally be caused
by economie considerations (as opposed to safety reasons)
lOFor instance, the strategie appex, and not the technostructure is most important, no job descriptions. See
Mintzberg [11]
9
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• In Drafiki's energy management system motivational efforts directed at the individual should
be given less attention to than in most western societies. Motivational efforts are probably
more effective when directed at groups.
• Higher management must provide the ideas within the frameworkof the energy management
system.
• More attention should be given to groups, less to individuals.
• The power distance and collectivism in Tanzania do not allow for (psychological) internalization to be the guiding principle bebind an individual's actions. It's (internalization) role
in the energy management system should be played by the va/u es of the group of which the
individual is part 11 .
• The role of top organizationallevels should, in the energy management system, be emphasized.

11
Analogy : internalization = guilt
group values = shame

Chapter 7

Specifications for an Energy
Management System
7.1

Introduetion

International standards for the quality of products have made it possible for companies to rely on
products that are supplied to them by other companies which meet those standards. The standards by the ISO (International standard(ization) organization) and the BSI (British standards
institute) are well known worldwide, and applicable to Tanzania. The ISO 9000 series has become
synonymous for quality. This series (9000) is the foundation on which the standards discussed in
this chapter are built. Due to the growing attention for environmental effects of economie activities, the BSI 7750 and the ISO 14000 standards were created. Specifications which a company has
tomeet to be able to live up to the new, environmental standards which society (will) demand(s).
ISO 9000 and ISO 14000 share the same structure. Both specifications contain demands on how
the production system in the company should be organized, and which information should he
available.
In this chapter the concepts which are used for environmental management systems are transformed into concepts for energy management. The idea of an total energy management system is
presented, which is the energy equivalent of total quality management. The standards discussed in
this chapter, are sarnething Urafiki should strive towards. A considerable part of the terminology
used throughout this report originates from the following three sources;
• 'Betriebliches Energiemanagement' [14, Wohinz and Moor,l989]
• British standards 7750

1

[8, BSI,1992]

• 'Milieu management in bedrijven' [19], referred to as 'OU'
Betriebliches Energiemanagement [14] also serves as the basis for the feedback-model, which is
dealt with in the chapter 'Systems approach to energy management'. BothOU [19, Open Universiteit,1992] and Milieu management in bedrijven [19] show many parallels with quality management
systems. Both are directed at the systematic management of environmental aspects of a production system. Using the theories presented in this chapter, together with the ideas of the chapter on
systems theory, makes it possible to determine what is missing at Urafiki to control and imprave
the energy efficiency.

7.1.1

A Reader's Guide to the Chapter

The first section of this chapter introduces the reader to the elements which should he a part of
a total management system. The second section focuses on the organizational aspects that come
1 ISO

14000
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with a total energy management system. The next section introduces concepts and definitions as
used by the BSI 7750 standards. The chapter is ended with conclusions.

7.2

Total Energy Management.

Section 7.2 is for the greater partbasedon 'Milieu management in bedrijven' ([19, Open Universiteit]). This souree itself is based on the general structure of ISO 9000. The concepts introduced
insection 7.2 should be incorporated in a policy, if this policy is to be successful.
In the literature (BSI [8] and the OU [19]) it is recognized the administrative organization of a
company has an influence on the way energy management is handled. Within such an administrative organization people have functions. One of the ways to divide the functions is by separating
them by the nature of the responsibility of a function. The OU [19] makes a distinction in five
realms:
1. Deciding

2. Execution
3. Storing
4. Registration
5. Checking
A three way split is made by [14, Wohinz and Moor,1989]:
1. Strategie management (Entscheidung)

2. Operational management (Leitung)
3. Execution (Ausführung)
In the (later) discussed energy management system, deciding (operational management) and executing are not separated. Nor are storing and registration. Checking and strategie management
2 are single 'units'.
By separating functions, a conflict of interests can be created. This will help to prevent the
abuse of potential power which comes with a function. A certain process might start with an
order given to an employee. Generally employees will have to explain what has been clone in a
certain period. The report of this is called a registration. The registration is shaped according
to procedures. An energy registration might include : name of employee, dates, used energy,
result of operation. The receiver of the registrations, the administrator, has to have conflicting
interests with the writer of the registration. The administrator works within the department of
administration 3 .

Definition 12 Administration : All written docurnents concerning the organization and its
activities directed at rnanaging the production household {19}.

Definition 13 to Administer : The systernatic col/eetion and processing of data, directed at
providing inforrnation suitable for governing and rnanaging an organization as well as rnaking it
function, and 4 can be used for passing judgrnent on the responsibilities that corne with it. {19}

In order to be able to design an administrative organization it is necessary to decide on what
(which variables) has to be administered. These variables have been identified, at least partially,
in appendix A.
2 General

Manager
this report the administrator usually works at the teclmical department, or in a later stage, at the costing
department.
4 ( directed at information that is)
3 In
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he goal of setting up an energy management system is to reach an total energy management
A system is called total when and only when [19] all of the following elements are
included:
system 5 .

1. Energy policy statement
2. Energy program
3. Integration of energy management into every day operations and decision making
4. Internal checks
• measurements
• registration
5. Internal training
6. Internal and external reporting
If one of the elementsis missing, the system is called a partial management system. The elements,
corresponding to the list mentioned above, are discussed below:

1. Energy Policy Statement The statement should he communicated to all the employees of
the company. The following elements can he part of the statement :
• The goals of the management system, mainly tosave money.
• The influence of the management system on profit and the continuity of the company.
• The assignment of a person who is in the end responsible for the energy matters.
2. The energy program The energy program is a plan in which the activities of the next year(s)
are outlined. The plan can he integrated into the corporate plan or the activities can he
presented separately.
3. Integration
Definition 14 Integration
Integration is reached when at all levels of an organization, when necessary, energy aspects
are considered at decisions {19}.

Important aspects which should he integrated :
(a) Organization structure. Energy matters must receive proper attention within an organization, like financial and engineering topics. The first responsibility of energy is
to he placed at the line-officials. Staff-officials should provide the line with ideas and
guidance, when requested. The staff will start the project, but only in close cooperation with the lines. The responsibilities for the energy efficiency must he distributed
over severalline-managers. Each manager must he held responsible for the energy part
related to his specialization. The engineer for technica! aspects, the administrator for
the processing and gatbering of data etc.
(b) Tasks, responsibilities and authorizations.
Definition 15 A Task
A task is an activity an employee is ordered to execute {19}.

Definition 16 Responsibilities
Responsibilities are activities for which an employee is responsible. He does not necessarily take care of the execution {19}.
5

The terrns management system, control system and management can beseen as interchangeable in this report
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Definition 17 Authorization
An authorization is the possibility to give assignments to others, concerning the de
execution of activities which are part of the responsibility of an employee {19}.

The three presented definitions should be separated, that is, should not be incorporated
in one person, at least not for the same object. An overview of who's who, and what
he's doing should be presented. It is important to not only assign tasks, but to make
sure the necessary authorizations come with it.
(c) Intern al communication. Communication is important on alllevels of the company. The
subjects of communication are parallel to responsibilities distributed over the different
levels of management.
(d) Instructions and procedures. Depending on the situation, clear procedures must exist.
(e) Planning. Three aspectscan be distinguished in planning concerning energy matters :
Integration of energy aspects in the strategie corporate planning
u. Integration of energy aspects in the planning of completely new corporate activities
1.

UI.

Creation of a program of intended activities on energy related fields for existing
company activities.

For Urafiki, establishing the third point would be an acceptable and achievable goal.
Planning must be clone periodically, for instanee each year.
4. Internal checks. Internal checks are clone by employees of the company, and provide feedback
information on the functioning of the system. Two aspects can be distinguished in internal
checks :
(a)

~easurements

(b) Inspections
M easurements which are important for the energy management system are identified in
appendix A by means of the variables which should be measured. /nspections do not just
take the quantifiable values into account, but also the whether procedures are followed.

5. Internal training Internal training and information giving can be necessary for an energy
system to be successful. Training and information must prepare the employees for their part
in the energy management system.
6. Internal and external reporting
Internal reporting, divided in reporting to higher management, middle management, 'workers'.
Reporting to Higher ~anagement : Special Events, Visits regarding energy use by third
parties, progressof execution of energy-plans, results energy audits, information to he given
to outsiders (of the company). Report every 3 months.
Reporting to ~iddle ~anagement. Report about its direct working environment : results
of inspections, measurements and checks ... , changes in procedures and instructions, data
about energy use.
Reporting to 'workers' : Report only about every day working environment. Reporting
important aspect in motivation.
External reporting, only necessary if legislation demands so, or if funds are to be obtained.
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Organizational Aspects

As cao be read in chapter 5, energy has no specific coordinator within the present structure of
Urafiki. To arrive at a reasonable degree of integration the organization needs to be changed
in such a way that energy becomes part of the everyday operations. What is an organization?
Mintzberg defines an organizationstructure as follows:

Definition 18 The organization structure
The structure of an organization can de defined simply as the sum total of the ways in which it divides its labor into distin ct tasks and then achieves coordination among them {11, Mintzberg, 1990].

s said in the previous section, the responsibility for the use of energy should be placed with
/ine-officials, the people who work with the energy users everyday. In the current situation the only
person responsible for energy use (and even then only the electrical part) is the senior electrical
engineer. Since the person responsible for something should have the power to influence this
object, this is oot a desirabie situation.
The engineering department has a somewhat ambiguous status. In the present situation it is
a more or less independent department. It has among its functions; the design and repair of
(parts of) machines (workshop), it is responsible for the boiler house, as well as the buildings
(civil works) of the factory and is responsible for the state in which some of the machines in the
mills are. Repairing machines would seem a task to give to engineering, but production has its
own maintenance sections, which repair machines. A problem is that engineering does oot have
enough ties with the production department to make the energy management system work. The
main link between engineering and production is made trough the heads of departments. They
meet in a meeting with the general manager regularly. Energy use is oot a standard topic of
discussion. A second link cao be found in engineers that are being transferred from engineering to
production. It is highly unfortunate that Urafiki personnel seems to follow the organization chart
as far as inter-departmental relations are concerned. The responsibility for energy use is placed
at one department (engineering), while the power to change the energy users is placed at another
(production). To put it in other words: the responsibility for one aspect of an object is oot placed
at the same place as the responsibility for the whole of the subject, and its environment. This
should be changed. The production department must be made responsible for the use of energy,
with engineers being ready to help solve the specific teehoical problems that might occur.
A

T he issue of distributing the responsibility for energy efficiency between the engineering department and the production department is one of the main problems that Urafiki faces. It is
oot the only one. The division in functions displayed on page 49 needs to be part of the energy
management system. Deciding and execution both take part within the production department.
Decisions are usually made one organizationallevel higher than the execution.
Registration is preferably clone by other departments. The costing department takes care
of writing down the energy data that are translated into monetary values (Tsh.). The costing
department is an independent one, so it has no interest in showing figures that are more desired
than realistic. Costing department is logically also the department where the 'translated' data are
stored.
The costing department is provided with the data by the teehoical department. This department registers and measures the energy indicators directly from the production process. Just like
the costing department, the teehoical department has no interest in showing data that are oot
realistic. It has no interest in making the production process look better than it is. lts function
cao be compared with that of the costing department.
Checking is done by the costing department (financial values), the teehoical department (physical values) and also by the person responsible fora process and his superior. The necessary values
that allow for checking are called 'target-values', and are known to all involved. The target values
are the values against which the results are checked.
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For large flows of data, special techniques are necessary to handle the data orderly. Some of
these techniques can be found in the field of quality controL (Appendix E)

7.4

The British Standards, Quality and Energy.

7 .4.1

Concepts and transformations taken from the field of quality management systems

(All concepts in this subsection are taken from the TUE-reader: 'An introduetion to Quality
Management' 6 [7, Industrial Eng. EUT,1992]). The ISO defines quality management as : the
goals of organization regarding quality, as well as the means that lead to the actual achievement
of these goals, as formally specified in a declaration stated by the management. This leads to the
following definition of energy management;

Definition 19 Energy management
Energy management is the goals of organization regarding energy, as welt as the means that lead
to the actual achievement of these goals, as formally specified in a declaration stated by the management.
This definition stresses the role of the highest management in the system. The system is started
up by a declaration of the management in which its intentions are made clear. This corresponds to
the 'energy policy'. In the designed control system it is simply called: goal setting. 'Integration'
is, within a quality management setting, called : total quality management. This concept stresses
the importance of the involvement of many parts of a company in a control system, in order to
make it successful.
A quality system is defined 7 to embody: the organization structure, responsibility distribution,
processes and facilities for the execution of the quality management. Translated to energy :

Definition 20 The energy management system
The energy management system embodies the organization structure, responsibility distribution,
procedures, processes and facilities for the execution of energy management.
Some manuals on quality control stress the importance of operator self controL This is explained
by the following statement: the operator, the one dosesttoa machine is capable (must be capable)
to control the energy used (quality produced) by a machine. Essential for this idea to functioning
is the presence of clearly set goals. The goalsetting is supposed to have a strong motivational
effect on the employees, and therefore a positive effect on company results. The role of motivation
is treated in chapter 6.

7.4.2

British Standards 7750, ISO 14000, specification for environmental management systems

Just like the 'specifications' ([8, BSI,1992]) share common management system principles with
BS 5750 8 , the energy management system must share many charaderistics with BSI 7750 ([8]).
Therefore some definitions and specifications from [8] will be presented. Most ofthe definitions are
used throughout the report. The BSI presents a diagram of the stages in the implementation of an
environmental management system, which is changed to fit the demands of an energy management
system. This diagram (figure 7.1) is not entirely usabie 9 for Urafiki, but it does give an example
of how the introduetion of an energy management system can be handled. The BSI itself stresses
that any of the stages at any time can be modified.
6 'dictaat:lnleidng

kwaliteits management'
kwaliteits management, Tuedictaat
8 equals ISO 9000 and EN 29000
9 Especially 'Commitment' needs to be approa.ched carefully.
7 Inleiding
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Figure 7.1: The implementation of an energy management system
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Definitions according to BSI 7750
Definition 21 Energy management
Those aspects of the overall management function {including planning) that determine and impiement the energy management.
Definition 22 Energy management audit
A systematic evaluation to determine whether or not the energy management system and energetic
performance comply with planned arrangements, and whether or not the system is implemented
effectively, and is suitable to fulfill the organization's energy policy.
Definition 23 Energy management program
A description of the means of achieving energy objectives and targets.
Definition 24 Energy management system
The organizational structure, responsibilities, practices, procedures, processes and resources for
imptementing energy management.
Definition 25 Energy objectives
The goals, in terms of energy performance, which an organization sets itself (!) to achieve and
which should be quantified wherever practicable.
Definition 26 Energy policy
A pub/ie statement of the intentions and principles of action of the organization regarding its
energetic effects, giving rise to its objectives and targets.
Definition 27 Energy targets
Detailed performance requirements, quantified wherever practicable, applicable to the organization
or parts thereof, which arise from the energy objectives and which need to be met in order to
achieve those objectives.
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Definition 28 Organization
Any organized body or establishment, for example, a business, company, government department,
charity or society. For bodies or establishments with more than one site, a single site may be
defined as an organization.

Definition 29 Verification activities
All inspection, test and monitoring work related to energy management.

The following definitions are not given by the BSI. They can he found in Toussaint [5, Toussaint,1994], who cites Claus (Energiemanagement).
Definition 30 Energy audit
An energy audit is a systematic way to asses the profitability of energy conservalion opportunities.

Definition 31 Energy conservation opportunity (ECO)
EGO's are technica/ and organizational alternatives in ( or outside) a company or other organization which may lead to a reduction of energy consumption for this company. Author prefers energy

efficiency over energy consumption
Requirements for the BSI 7750
All requirements will not he treated in detail. They can he found in [8, BSI,1992). Comparing
the requirements with what is taken from [14, Wohinz and Moor,1989) and [19, Open Universiteit,l992), there are some differences. The following items are demanded by the BSI, and were
not mentioned previously in this report:
• The necessity of an energy management manual and documentation. This report can he
considered to he the core of such a manual. The manual will he more detailed.
• Operational controL Dealt with by this report. At least for the characteristics identified.
• Energy management records. Created by the designed energy management system. Can he
found at the costing section and the technica! department. And probably at the production
department.
• Energy management audits. Partially covered by the designed energy management system.
• Energy management reviews. Not covered by the designed energy management system.

7.5

Conclusions

In this chapter the concept of the tot al energy management system has been introduced. The tot al
energy management system is a desirabie asset for any company, and Urafiki is no exception. This
report, and especially chapter 9, designs a system to control and improve the energy efficiency.
The design does not meet all the standards set by BSI 7750. When one compares the system of
feedback loops, and only the feedback loops, with the standards of BSI 7750, the following can he
said:
1. The energy policy needs to he formulated. This can he clone more or less independently
from the rest of the system.
2. The energy program is outlined in great detail by the combination of the policy and the
designed system. Implementing the loops might he the objective of the activities in a period
of about year. Energy programs for following years need to he made by Urafiki management.
3. Auditing has been the basis of the designed system.
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4. Measuring, registration, and internal reporting are covered extensively by the designed control system. Measuring is the first step in the creation of data for the feedback loops. Registration is what happens at the technica! and costing departments, while internal reporting
is another name for feedback.
5. Integration is achieved by making alllevels of the organization responsible for their share in
the energy management system.
6. External reporting and training are not covered by the system.
Because of the last point it cannot be said that the designed system is a total energy management
system. What can be said is that many aspects are incorporated.

7.5.1

Recommendations for Urafiki

Let it be stressed a total energy management system is anything but common for the majority
of companies in industrializing nations. For companies which do not have a state of the art
management information system, the step to arrive at a total energy management system is a big
one. Therefore Urafiki should :
• Introduce as many elements from a total energy management system as possible.
• Concentrate first on the introduetion of the energy management system as introduced m
chapter 9. Mainly this means imptementing feedback loops and the energy policy.
• Concentrate first on the 'bigger' loops of chapter 9. These loops can be identified within the
energy cost center system as having many lower cost centers (See chapter 8).
• Introduce energy as a (not the) point of attention in the introductionary training for operators. More important, introduce energy as a focal point of attention for new management
personnel.
• Report to the outside world if positive results are obtained. Write to the newspapers. By
the way, an energy management system can be expanded to an environmental management
system at a fraction of the costs of introducing a new environmental management system.
Results in the field of environmental care (water!) are easier to understand for most people.
More so, they are a hot item in the western world, and mighty open doors to foreign exchange.
• The following advises are recommendations to help Urafiki make the step from the designed
energy management system to the standards of BSI 7750;
Create energy management manuals. The most elementary aspects of the procedures,
which must be in the manuals, are covered by the energy management system.
Continue to perform 'energy audits'. Within the frameworkof an existing energy management system this means to continuously look for new ECO's.
Introduce energy management reviews. Within the framework of an existing energy
management system, this means evaluating the effectiveness of the energy management
system.

Chapter 8

Energy Accounting
8.1

Introduetion

Key elements in an energy management system are (a)making energy waste visible and (b )the distribution of responsibilities. Higher management with a non-engineering background understands
one type of language best: money. In order for the energy management system to he effective, the
waste, use and efficiency of energy must he made visible for the overall company administration.
This must he clone in such a way that the user can he held responsible for the efficiency of a
certain amount of used energy, with the energy being expressed in money values.
Urafiki currently uses a cost center system. Every step in the production process, and the supporting activities, has its own place and number in the administrative system. In this chapter
the cost center system as it exists at Urafiki will he modified. The modifications are aimed at
enhancing the management's insight into the use of energy throughout the factory. A new partial
system will he designed, called energy cost center system. The energy cost center system is part of
the total cost center system. The designed cost center system can he integrated in to the existing
system.
At present, Urafiki management is consiclering energy use to he an overhead cost. Energy shows
up as overhead cost center(s), labeled fuel and electricity (with no subdivisions). This is changed
with the introduetion of the cost center system as designed in this chapter.

8.1.1

A Reader's Guide to the Chapter

In section 8.2 a brief introduetion in the different ways a management accounting system can he
setup, as far as this is relevant for the energy management system. Section 8.3 explains some ofthe
ideas which underlie the energy cost center system (which will he designed). Differences between
logistic and technica! cost centers are introduced. The way of measuring waste is determined, and
a relation between energy efficiency and capacity utilization is discussed.
In the next section the present (January 1996) cost center system is introduced. Next the energy
cost center system is designed, following the lines of responsibilities as they will he used in the
entire energy management system. The 'codes' (location of a cost center) of different energy using
categories throughout the production process are given. Foliowed by an example. Subsequently
five factors are introduced. Factors which allow the higher management to determine effective use
at every cost center. The section ends with considerations on (links between) responsibility and
the energy cost center system.

8.2

Cost Centers

Bulte et al. ([1, Bulte,1993]) define management accounting as follows:
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Definition 32 Management accounting
Management accounting is a system that collects, classifies, summarizes, analyzes and reports
information that wilt assist managers in their decision making and control activities.

Energy accounting can he seen as a part of a general management accounting system. To design
an accounting system that is capable of providing the management with useful information (on
energy use), several steps have to he taken. First a decision has to he reached on whether energy
can he attributed directly toa unit product. In other words, is energy a direct or an indirect cost?
Literature ([15, Techn. Econ.,1994], [1, Bulte,1993]) defines direct costs as:
Definition 33 Direct costs
Direct casts are casts that directly attributable for each calculation object. ( American definition
according to {1, Bulte,1993]}
In this report energy u se is considered a direct co st. Just like Iabour and raw materials, energy can
directly he attributed to products. Usually energy is used in the production steps in a traceable
way. In the transformation sub-system energy is used to change the physical appearance of a
product, at times even its composition or temperature is changed. It can therefore he said a
product gains energy at every production step. Even if energy cannot he directly attributed to
product units, and normally this is difficult to do, it is important to provide management with
information on the use of energy, and on the performance of users who are made responsible for
their energy use.
The problem of constant and variabie costs is not treated in this report, mainly because no evidence
was found such a distinction is present in the accounts chart [4, Costing dep.,1990], to which the
energy cost center system is meant to he a supplement. The introduetion of 'scale-effects' on page
64 does deal with the problem partially.

lthough energy use is considered as direct costs, the use of techniques which are designed to
attribute indirect costs to cost centers, is necessary to assign the use of energy to the right cost
centers. In the literature ([15, Techn. Econ.,1994]) four methods are recognized to assign indirect
costs (i.e. costs that are not easily attributable to a unit product) to a unit product;
A

1. calculation by division
2. calculation by equivalents
3. calculation by attribution to direct costs
4. cast center methad
Only the cost center metbod will he dealt with here. This is the metbod which is used in the
'accounts chart' ([4, Costing dep.,1990]). A disadvantage of the cost center metbod is its necessity
to first analyze in detail the production process. In this report this is clone anyway, so it is not a
disadvantage for the energy cost center system. The production process is divided into production
centers, which are reflected in cost centers. A cost center is a part of the company which, as a
part of the production process, performs one, single task. The precision of the cost center system
benefits from the creation of as many centers as possible.

T he primary purpose of a standard cost center system is to create the possibility to assign
indirect costs to 'value-carriers'([15, Techn. Econ.,1994]). Products. This is not the purpose
of the energy cost center system. The purpose of this system is primarily to create financial
information on the use of energy. However, the energy cost center system is molded in such a
shape it is compatible with the rest of Drafiki's administration. So, if Urafiki already attributes
all of its expenses to units product, now it can do so with energy as well. With an added option
for intra- company pricing.
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Waste or Use?

Trying to set up a system for the registration of the use of energy seems to he a matter of setting
up balances. When the balances are constructed the 'What comes in must go out, or stay in' rule
is valid. A conservation law. Although valid, this is nota practical approach. The balances require
the measurement of all in and out-going energy flows. The missing quantity is called waste 1 ( or
losses), together with a measured waste flow (flow of losses). By creating balances throughout
the factory, a detailed picture is created on where the energy goes. Setting up an administration
system based on balances would lead to a system of cost centers which are foliowed by a number
of cost centers 'of a lower degree' and a sub-cost-center called 'waste'. The waste sub- centers can
he determined in two ways:
1. (N ot used in the designed co st center system)
Waste equals the difference between the cost center at level one and the cost centers at level
two. Waste is an administrative unit, which might he explained by engineers, he partially
or completely.
2. (Used in the designed cost center system)
Waste equals the waste that is produced by identified wasteful objects. The factor 'waste'
is measured directly. The cost center 'waste' is based on engineering information. The
difference between the cost center on level one and the cost centers at level two is built out
of two parts:
(a) waste, as identified by engineering data
(b) unknown (including losses other than waste).
Maximizing on energy-efficiency brings with it the necessity to take the level of capacity utilization into account. As was found by Tirdo ([17, Tirdo,1994]), the capacity utilization has a big
impact on the specific electricity use per unit of product. A consequence of this is that determining
whether or not the technica! infrastructure has functioned efficiently is dependent on the capacity
utilization. The impact of the capacity use might he much bigger than effects of the impravement
of the technica! infrastructure. Consequently the 'logistic' processes 2 should receive much more
attention than the 'technica!' processes, since their impact is bigger. Unfortunately the logistical
processes are more difficult to controL Having a high capacity utilization should he part of the
company policy anyway. When a higher level of capacity utilization is achieved the technica!
system as a whole will function more efficiently. In the administration system this means a unit
product is produced with less energy. The specific energy use of unit product is decreased, and so
are the specific losses. This does not mean less energy is wasted (although the specific losses ( ... )
are less). Waste is caused by technica! ('engineering') errors. These errors usually waste more
energy with higher capacity utilization 3 . A second goal of the energy management system, thus,
might he:

minimize the waste occurring at a certain level of capacity utilization.
This goal calls for a control of the objects identified in chapter one. A big plus of the second goal
is that when the energy waste at one level is decreased, the savings occurring at another level will
he proportional to the capacity utilization.
1 The difference between 'losses' and 'waste' is caused by whether the difference between two energy flows could
have been prevented or not. This difference will be treated more detailed later on.
2 See chapter 4 for the processes which are a part of the management system.
3 Thought experiment: Leaks in a water transporting pipe.
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T he translation of the teehuical data that are produced by the cost centers into financial units
can be found in the appendices. Key concept is the translation of the main energy flow (two
types; electricity and fuel) into a 'dollar' flow. At every point where the energy flow is modified
4 , the dollar value flow should also be changed. This way, a few sourees and a larger number of
sinks form a system of dollar flows throughout the factory. Theoretically all dollars which come
in via the sourees should be lost in an identified sink (see example below). This is not practically
executable. As said before, by focusing on waste points and leaving the idea of a balanced system
behind, this does not need to be a problem. Certain flows of dollars will not be explained. A
complete system of flows, with no flaws, is probably not possible. In western circumstances. Let
alone at Urafiki, where almost no measurement equipment is present.

{-begin example-)

See figure 8.1, page 61.
Energy enters a factory via one single medium: fuel (source). The fuel is transformed into steam
(water does not contain energy). The steam is used in one process, process A. No transport
losses take place. The fuel costs 100 Tsh .. The cost of steam is computed by either knowing the
efficiency of the boiler, or by measuring the amount, temperature and pressure of steam produced
(preferred). Do not attribute the entire value of the fuel to the steam. The value of the steam
produced is 60 Tsh .. This creates a sink, worth 40 Tsh. (sink). The 60 Tsh. are fed to process
A. Process A passes a minimum of 35 Tsh. (of steam) on to its products. The products are
an end product (end of the stuclied production system, product crosses system boundary), and
thus a sink. The other 25 Tsh. (sink) are built out of the difference between the thermodynamic
minimum needed for the process (unavoidable), waste (engineering), scale effects and unknown
effects.
The 40 Tsh. separating the inflow in to the boiler and the produced steam, can be attributed
to four factors. A fifth factor is effective use. In case of the boiler this is the energy needed to
transform water from one state to another, and raise temperatures. Effective use is attributed to
the product of a process, in this case steam. Of the four factors not fed to the next process, there
is the distinction between waste and losses. The losses cannot be prevented, wastes can. Crucial
is the observation that every 'process' has the same amount of money entering and leaving its
process boundaries. The factory as a whole has the input : fuel. The outputs : differences at the
processes ('four factors') and the final products.
(-end example-)

8.4

Cost Center System Design

At present the cost centers at Urafiki can be found in the 'accounts chart' [4, Costing dep.,1990].
Roughly the division as shown in table 8.1 on page 62 exists. Mention of energy is made in the
following main cost centers ( new code):
1. Current liabilities (2500):
• provision for electricity (2542) charges
2. Debtors, deposits and prepayments (1800) :
• Staff electricity bill (1836)
3. Stocks and work in progress (1900):
• Fuel and industrial oils (1927)
• Gas (1934)
4 Electrical transformation, leaks, but also operations wlûch lead not necessarily to al loss of energy according
to the first law, but do leadtoa lossof quality of energy (second law)
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Figure 8.1: Example 'sources and sinks'
Fuel : 100 Tsh.

Boiler

1
Four factors (40 Tsh.)
Engineering' waste'
Sc ale
unavoidable
unidentified

Process A

Fo r Factors (25 Tsh.)

Factory
Products (35 Tsh.)
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Name of account

Account number

Share capital
Reserves
Loans and Debentures
Provisions
Current liabilities
Fixed assets
Cash and Bank balance
Debtors, deposits, prepayments
Stocks, work in progress
Direct expenses, spinning
Direct expenses, preparation
Direct expenses, weaving
Direct expenses, printing
Direct expenses, finishing
Direct expenses, Foundry pattem shop
Indirect expenses
Administration expenses
Selling and distribution expenses
Financial expenses
Sales
Sundry income
Prior year's adjustments

2100
2200
2300
2400
2500
1600
1750
1800
1900
3000
3100
3200
3300
3400
3600
3700
3800
3900
3500
4600
4700
4800

11

I

0/d code

11

1000
2000
3000
4000
5000
6000
7500
8000
8500
10000
11000
12000
13000
14000
16000
17000
20000
30000
40000
60000
70000
80000

Table 8.1: Main index on cost centers
4. Indirect expenses (3700):
• Fuel and industrial oil (3704)
• Electricity charges (3781)
5. Administration expenses {3800):
• Electricity and water charges (3818)
As can be seen above, there is no detailed financial picture of the energy use throughout the
factory. The main cost centers for energy are 3704 and 3781. Both are indirect expenses, with
no further subdivisions. It can be questioned whether or not energy is an indirect factor (its use
changes the physical state of the product directly, while the product absorbs energy by (partially)
changing states), but the lack offurther subdivisions 5 can only lead to one conclusion. Apparently
Urafiki management considers energy expenses overhead. The use of energy should be assigned
to direct cost centers. Having said this, the next step is to introduce energy into the direct cost
centers. Preferably the cost centers should clearly be linked to the users. For instance; linking
the electricity use of weaving with a cost center of electricity use of weaving, as is clone in the
following paragraph.
S tarting with electricity, the flow chart presented in figure 8.2 on page 63 serves as a starting
point. A good approach to construct a logical cost center system is tostart at the bottorn of the
center system. For the electrical system, the smallest unit is the electrical energy used 6 by the
user groups, as present in the transfarmer rooms at the mills. A suitable location for the user
group cost centers are the direct expenses. In the new codes they are numbered from 3000 up
to 3600. Of the existing 'direct expenses' the upper twenty numbers of every hundred (3080 to
5 The

lack of measuring equipment reinforees the conclusions basedon studying the administrative system.
used

6 kWh's
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Figure 8.2: Cost center flow chart for electricity, example
Substation 33 kV

Cost center 1

Cost center 2

10k V

10k V

10k V

I

I

I

Cost center 3

10kv /380V 10kv /380V 10kv /380V

Cost center 4

user groups inside the mills

1mm

3099, 3180 to 3199) also do not yet have a purpose. The numbers 2980 to 2999 are reserved for
energy use of entire mills. The categories for direct expenses are: spinning, preparation, weaving,
printing, finishing & making up and finally the foundry pattem shop. The direct expenses of
printing, finishing and the foundry shop can be linked to the processing manager. The categories
of spinning, weaving and preparation form a problem. Although both a weaving manager and a
spinning manager exist, there are two of each, and only one direct expenses category. It would
seem logica! to introduce two categories, one for each mil!. This leads to the division as shown in
table 8.2 on page 64: 7

7 The footnotes in table 8.2 refer to the necessity of attributing the use of steam to the processing manager. The
cost centers' values should he added to 'total steam use'.
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Name of account

Account number
from

Account number
up to

electricity use of all mills taken together
steam use of all mills taken together
electricity use spinning
electricity use spinning mill one
electricity use spinning mil! two
electricity use preparation
electricity use preparation mil! one
electricity use preparation mill two
electricity use weaving
electricity use weaving mill one
electricity use weaving mill two
electricity use printing
steam use printing
electricity use finishing
steam use finishing
electricity use foundry
steam use foundry
steam use mill one 8
steam use mill two 9

2980
2990
3080
3081
3086
3180
3181
3186
3280
3281
3286
3380
3390
3480
3490
3680
3690
2960
2965

2989
2999
3090
3085
3090
3190
3185
3190
3290
3285
3290
3389
3399
3489
3499
3689
3699
2964
2969

Table 8.2: The index for the energy cost center system
In this system the costs of the electricity use at the users is counted twice. Once at the user
level (cost center level four in picture 8.2), and once at the center 'electricity of all mills' (cost
center level one in picture 8.2). The double counting problem changes the cost centers of the
higher categories (one, two, three in picture 8.2) to be reduced to 'centers of difference'. The
amount of energy /money which is directly attributable to a center is the amount of energy which
is used in between the center itself and the center of one levellower. How this works is shown in
figure 8.3 on page 65. Every center can be divided into five factors:
• Effective use ('use')
• Scale (economy) effects ('scale')
• Unavoidabie waste because of technical infrastructure ('unavoidable')
• Unidentified waste centers ('unidentified')
• Avoidabie waste because of technical infrastructure. ('engineering')
Effective use is passed on to the next (lower) cost center or the end product. The other four factors
are attributed to the cost center itself. (See also figure 8.1 on page 61 .)
(--begin example--)

100 kWh is imported into the substation. Of which 98 kWh was found to be fed to the 10kV /380V
transformers. Spinning, weaving lighting and air- conditioning all used 23 kWh. The distribution
across the cost centers is shown in figure 8.3, on the right hand side. In this example the cost
center 'total electricity use' does not show what its name indicates, but the use/waste of energy
from this cost center to the next center. In this case the following index can be made (imaginary):
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Figure 8.3: Flow chart 11
temporarily castcenters

2981

?

3081, 3281, 3086, 3286

10k V

10k V

10k V

I

I

I

?

10kv /380V 10kv /380V 10kv /380V

I
3081, 3281, 3086, 3286

100- 98 kWh = 2 kWh

Substation 33 kV

98-92

m m

user groups inside the mills

4

= 6 kWh

* 23 kWh = 92 kWh

electricity use of all mills: total
use
scale
unavoidable
unidentified
engineering
lower cost centers total
3081
3086
3281
3286
For cost center 2981 there can be no 'use'. Scale effects and unidentified waste centers can be
determined mathematically. Unavoidable losses can be determined with engineering knowledge.
Identified and monitored waste centers ('engineering') can be filled in by transforming the technica!
data made available into money. The same pattem shown above keeps re-occurring at every level.
For cost center 3286:
electricity use weaving, mill two: total
u se
scale
unavoidable
unidentified
engineering
lower cost centers total
none
No lower cost centers exist, while 'use' will form the greater share in the cost center (hopefully).
(--end example--)

As can be seen in the example, a system of cost centers is brought to life which is built out of
subfactors. The subfactors are the cost centers of a lower degree and the five factors mentioned
on page 64. In this report the engineering factors are partially identified. Unidentified factors
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Figure 8.4: Lay out cost centers of steam centers

cast center code
2991

Total fuel consumption

I
2996

2961, 2966
3391, 3491, 3691

Total heat supply

use mill 2

use mill1
use mill 3

and unavoidable factorscan (partially) be found later by the engineering, technica! or production
department. Effective use, scale effects and (partially) unavoidable factors must be identified by
mathematically analyzing the data.

8.4.1

The cost center system and responsibility.

To make the cost center system fit into the system of responsibilities is crucial to the energy
management system.
All energy cost will be located under the direct expenses, new code numbers 2900 to 3699.
Parallel to the rest of the energy management system, the first division is made between the
fuel/steam system and the electricity system.
Fuel/ steam system
The designed steam system's responsibility distribution fits the cost center system at Urafiki. The
direct expenses cost centers printing (3300), finishing and making up (3400) and foundry and
pattem shop {3600) can all be assigned to the management of mill three. The steam system and
the cost centers are laid out in general in figure 8.4 on page 66. As can be seen there are only
three levels of cost centers. The levels are sufficient to hold the process manager responsible for
total steam and fuel consumption, and to see which mill consumes what. A more detailed picture
of the steam/fuel cost center system can be found in appendix F.l.
Electricity system
Unlike the steam use, electricity use is not the responsibility of a single person. All mill (weaving,
spinning, processing) managers must be held responsible for the electricity use of their sections.
In designing the cost center system, the following division is striven after:
• Mills one and two:
lights
air-conditioning
- engines spinning
- engines weaving
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• Mill three
lights
air-conditioning
engines
This division runs into the following problem. Lights and air-conditioning are one technica! group
(one meter), but their use is spread over several direct expenses centers. A choice for one expense
center has to made here, a choice that can not really be justified. A special problem of mills one and
two is formed by the fact that two people (spinning manager, weaving manager) are responsible
for the energy use of the mill. So assigning air-conditioning to 'direct expenses- spinning', would
leave the weaving manager without any responsibility for the air-conditioning. This problem is
a consequence of the combination of the division of the cost center system and the division of
electrical users into groups. Both are given facts, both cannot be changed. For both mills one and
two, air-conditioning is placed under 'direct expenses spinning', whereas lighting is placed under
'direct expenses weaving'. Air-conditioning and lighting are both placed under 'direct expenses
printing' in mill three. Responsibility is not an issue here (processing manager).
The details of the electrical part of the cost center system can be found in appendix F.2.

8.5

Conclusions

• In the present

10

situation energy is considered overhead.

• Presently, no information on the energy use can be obtained at levels of aggregation lower
than the factory as a whole.
• Due to the lack of information on the use of energy, no incentives can exist to promate energy
saving behavier (no feedback).
• Higher management needs a detailed picture on the energy use of consumer groups to set
the targets and goals that are essential to the energy management system.
• An approach which measures waste as the difference between inflow on one side and use and
outflow on the other, is not practical for Urafiki.
• To obtain energy efficiency on every level of capacity utilization, measuring waste directly
11 is functional and practical.
• An optima! distribution of responsibilities cannot be achieved in the energy cost center
system. Certain users benefit from the products of the use of energy for which other users
are held responsible.
• The final responsibility for all energy use is placed in the hands of the production manager.

10 before

the introduetion of the energy cost center system
is not really direct. What is measured directly is the waste of energy. To transform this into useful
data a best (or at least better) practice situation is necessary. Analogy: shadow price.
11 directly

Chapter 9

Design
9.1

Introduetion

In the previous chapters several concepts have been presented which might be used to arrive at
an integral way of handling (controlling, stabilizing) energy efficiency at Urafiki. In this chapter
the concepts are used to design an appropriate energy management system. This design is split in
three parts:
1. the feedback loops
2. the elements of the system outside of the feedback loops
3. the distribution of tasks, responsibilities and authorizations.
The feedback loops are the main mechanism to stabilize the energy efficiency. Disturbances from
the environment should be neutralized by the flow of information, which allows for guided action.
The feedback loops are the core of the energy management system. Introducing them at Urafiki
is the main recommendation resulting from this report.
The feedback loops alone cannot function. Several elements (policies) need to be added to the
loops. Which elements should be added is deducted from chapter 7. The most important is the
energy policy statement.
Although many of the responsibilities are defined by the feedback loops, there are some which need
to be mentioned explicitly, since otherwise questions about who is responsible for what may arise.
Crucial are the tasks for the Production department, which has to imprave the energy efficiency,
the task for 'Engineering', which must solve technica! problems which might occur, and the tasks
for the technica! department, which must perform the measurements and must take care of the
information flow.
In chapter 9 all proposed modifications have been chosen because they require a minimal amount
of changes, and still achieve the desired states. Some of the changes recommended are drastic
nevertheless. The energy situation at Urafiki is such that certain drastic actions are easily justified.

9.1.1

A Reader's Guide to the Chapter

At the beginning of the chapter a model is introduced. This model is based on system theory, as
presented earlier. The model is presented here because this chapter is by far the most important
chapter of the report, and the model is important enough to deserve a place in this chapter.
The next section (9.3)is a description of what needs to be changed in the present situation.
Parts of Drafiki's organization structure are restructured in section 9.4. A choice is made for a
type of organization. Later choices are made on how to occupy new functions. The consequences
of both choices and the earlier choice for feedback mechanisms are the discussed in sub(!)section
9.4.2.
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Figure 9.1: The systems model
UNIVERSE
Environment
(

Financial/economic

Climate

)

( Organizational SubSys) Management System

~eat recov SubSy~
(Transform

SubSy~

(Utility SubSys )

(Monitoring SubSys )
ducational System

System boundary

~-----C_u_lt_u_re____~)

Section 9.5 deals with policy elements that are not covered automatically by the feedback mechamsms.
An explicit display of the most important tasks, responsibilities and authorizations inside the energy management system is up next, insection 9.6.
The heart of the report is formed by the feedback loops, which are presented in section 9.7.
Conclusions are given in the final section 9.8.

9.2

The Model

The model used for the system design is shown in picture 9.1 on page 69. The model is basedon
systems theory and the definitions as given in chapter 3. The model is a presentation of which
ideas underlie the report. Most of the elements in the model have been treated already, some
will be treated now. Financial/economic relationships between the system and the environment
lead to choices which require a minimum of loans/credit. The credit policy as conducted by the
National Bank of Commerce has many implications. Among the most important is the lack of
availability, by lending by the NBC, of working capital. Another implication is the shortage of
foreign capital ([6, de Valk,1996]). This in turn has led to poor maintenance and sub-optimal
capacity utilization.
The educational system is reflected in the way Urafiki is asked to solve energy related problems.
Since there are not many engineers or scientists at Urafiki, the top levels of the organization ( where
the engineers can be found) are supposed to solve many of the problems. Apart from cultural
consequences. The elimate has consequences on the use of heating and air-conditioning systems.
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9.3

What needs to he changed

Earlier the present (February 1996) situation at Urafiki was described. The description of the
technica! infrastructure provides the energy management system with the charaderistics which
need to be controlled. The organization as described in chapter 5 has certain charaderistics which
do not support controlling the energy characteristics. The most important obstacles are listed
below.
1. A lack of communication between the production and the engineering department.
2. A confusing distribution of responsibilities for energy users.
3. A separation between the persons responsible for energy and the ones using it.
• No clear responsibility for fuel consumption.
• A incorrect distribution of responsibilities for electricity consumption.
4. An unclear status of the engineering department with respect to the production process.
5. No targets and consequently no checking on progress. More precise: the Jack of targets
indicates a Jack of commitment to improve the energy efficiency.
It is up to a new organizational structure to remove the obstacles and create an organization that
helps the energy efficiency to be controlled.

9.4

The New Organization

In section 9.3 it is stated that the responsibility for energy use 1 is distributed in a confusing way.
Engineering is held responsible for the use of electrical energy (or at least, the senior electrical
engineer pays attention to the use of electrical energy). However, the engineering department
cannot be held responsible for the energy efficiency. Production is the only department that
can be held responsible for the use of energy, since this is the department that actually uses
it. Somehow engineering knowledge has to linked with the responsibilities of production. This
has to lead to a change in the organization structure. In the chapter 'the production system' is
shown that engineering currently does not have many links 2 with production. Since engineering
is an independent department, staff functions will have to be introduced within the framework
of the energy management system. The staff function(s) are necessary since production needs
engineering knowledge (to save energy), but not all the knowledge necessary can be found within
the production department.

9.4.1

Organization structure

Hofstede's work suggests that the organization structure that suits East-Africa best is one that
resembles a simple structure 3 . According to Botter [2, Botter,1993] the following organization
structures can be chosen: line, line-staff, line-functional staff, matrix.
• The matrix-organization introduces a system with more than two bosses for one subordinate.
This (Hofstede [10, Hofstede,1990]) will not function in East-Africa.
• The line organization is the organization Urafiki has had until now.
1 energy

efficiency is not even considered
communication, shared responsibilities
3 as used by Mintzberg
2 Formal
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Figure 9.2: Engineers as staff function
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P ocess (black-box)
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I
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lower levels of organization
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• A /ine-staff-organization is based on the idea on 'one boss - one subordinate'. The line
makes all decisions, and is responsible for the actions of the subordinates. If a decision
requires specialized knowledge, the line officials can turn to specialists that can he found in
the staff. The line-staff organization is chosen as the organization structure for the energy
management system. Looking at the activities which take at Urafiki's, this organization
structure is advisable for all tasks.
• A different version of the line staff, is the line-functional staff organization. It is just like the
line-staff configuration. Only this time the staff units are given the authority to give advice
directly to people in the line. The staff can not give rewards, and is not responsible for the
execution of the advice. The staff is responsible for the quality of the ad vice. Disadvantage
is that the 'one boss' principle is violated, albeit superficial.
To man the staff functions with officials, three options exist:
1. Experts from outside of the company are hired. This will cost extra money. The new

employees will have to have knowledge of both mechanica! and electrical engineering topics.
A full time employee would relieve engineering from all of its duties towards energy probierus
that occur anywhere in the organization. Engineering could concentrate on the workshop.
2. The new staff functions are manned by engineering. A possible construction would look
like figure 9.2. This would mean that within the energy framework engineers become staff
officials. Disadvantages are:
• Status reduction for engineering. Engineers get a new superior. Someone from an other
department. This might be unacceptable.
• Engineers now have two bosses. For two different task(fields). One field is the tasks as
they have been performing in previous years. The second field is the energy advising
in the role of staff function.
• The organization for energy uses the people that also fulfill a different function within
the organization.
Advantages are:
• The changes required are minimaL
• Engineers that already have knowledge of the production system are used. Not much
training is needed.
• No money on new wages has to be spend.
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Figure 9.3: New organization chart (example)
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• lf the problems do not require full time attention (which is likely), the engineers can
switch back to their 'normal' work.
3. The option chosen:

A total re-organization of the engineering department. Engineering divided in two:
(a) Activities that directly support production (maintenance).
(b) Activities that create

I

redesign objects (workshop).

This option is the most logica!. It is also the most drastic. Engineering will lose some of
its status, which a disadvantage. Big advantage is that this option transforms large parts
of engineering into a staff department I maintenance section of the production department.
The transformation would also automatically mean that objects such as the boiler and the
heat station become the responsibility of the production department. Engineering would be
stripped of most of its people. Boiler, civil works, air-conditioning and maintenance units
would be transferred to the production department. By the nature of their activities these
activities were aimed at supporting the production department anyway. Every move they
make necessarily is following the lead of production. These choices cause a new problem,
namely the position of the top two, three levels of engineers. The electrical engineers, both
junior and senior, would have no 'line'-responsibilities left. Still their knowledge is needed.
A staff position with the engineers answerable to production officials of the same wage-level
is a solution. Since the sections the engineers used to be responsible for, are transferred
to production, the engineers can become full-time staff officials dealing with technological
problems in the braadest sense. Although this will be hard to justify to the engineers,
the only situation in which the engineering could be an independent department is when
engineering is a core activity of the company. Since the engineers at Urafiki do not develop
new technologies but 'merely' work with technology that is bought from outside the company,
the majority of engineering functions will be supportive, and therefore best placed under
production. This would leave only the workshop under the responsibility of engineering.
An example of the new organization chart can beseen in tigure 9.3 on page 72. The organization structure as shown in figure 9.3 is further modified later on in this chapter.

9.4.2

The redesigned organization

The newly designed organization has three new elements:
1. Splitting of engineering
2. feedback model
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Figure 9.4: New organization chart engineering
chief engineer

MO Workshop
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L

three organizational levels

3. Line staff organization
1. By making the mechanical workshop the only 4 task left for engineering, the other sections
have to find a new place in the organization. The organization chart for the new engineering
department is shown in figure 9.4 on page 73. The chief engineer stillleads the department.
The senior and junior mechanical engineer ranks have been removed. There is no need for
these ranks with engineering anymore. Looking at the mechanical branch of the former
engineering department the civil section and the boiler section have been removed. They
should be placed somewhere within the production department. Since mill number three is
the biggest fuel user, it is logical to place to boiler section under the responsibility of the
processing manager. In fact, placing the energy consumption of all steam using machines
under the responsibility of the processing manager might be a good idea. This way one
person at the third (mill manager) level is responsible for the entire steam f fuel use. It does
imply that one section out ofmills one and two each (starching, drying), is the responsibility
of mill three. Not just the energy use, but its entire functioning. Objects such as the heat
station and steam pipes {throughout the factory) are all part of the processing manager's
responsibility. The new situation is presented in organization chart 9.5 on page 74. The electrical branch of the present engineering section is from the third organizationallevel (bot torn
up) divided in 5 sections: Air conditioning and refrigeration, rnainterrance sections {mills)
one to three, and the rnainterrance section engineering. Only the engineering rnainterrance
section will remain part of the engineering department. The new place of all rnainterrance
sections is with the departments they provide service for. This means an extension of the
tasks of the production engineers. This is shown 5 in figure 9.6 on 74. By reorganizing the
sections like this, the 'engineers' from production become responsible for bath the electrical
and the mechanical aspects of the equipment inside the mill.
2. feedback model. The feedback model was dealt with in previous chapters. In this chapter a
feedback model will be made for every variabie that needs to be controlled.
3. Line staff organization. The line staff organization differs from the existing situation because
of the staff units. The staff units serve to provide the line with specialist knowledge that is
necessary to improve or maintain the level of production. Since at Urafiki only the senior
and junior engineers have engineering degrees, they are the ones that are most eligible for
4 there is another section of engineering. lts purpose name and managers havenotbeen identified. Depending
on its natme it should be placed with engineering or production. It is assumed that it falls under engineering. It
will not be mentioned anywhere else in the report.
5 Figure 9.6 represents the situation in mill one or two. For mill number three the function of production engineer
is replaced by process and chemical engineer. Maintenance officeris replaced by maintenance officer processing.
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Figure 9.5: New organization chart boiler section.
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Figure 9.7: Line staff chart
Production manager

Personal

Engineering staff
Mechanical engineers

Secretary
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staff functions. The staff officials are responsible for the quality of their advises only. Not
for the execution of the advises. A choice has to be made as to where in the organization
the staff units need to be placed. At least the following options exist.
(a) One centralized staff unit. Positioned in between production manager and 'mill managers'.
(b) A electrical and a steam staff unit. Steam unit to be placed at the processing branch,
the electrical at the spinning and weaving branch(es).
(c) Appointing a 'staff-engineer' to the top three levels of production. The engineers beco me staff units to someone from production of the same rank as they had within the
engineering department. So, chief engineer to the production manager, the senior electrical engineer to the spinning manager, the junior mechanical engineer to the process
and chemical engineer etc.
Options (b) and (c) can not be realized since there are too few engineers. Besides, electricity
in mill three would cause problems 6 . The engineers would be scattered throughout the
organization, and form 'one man' units. It is therefore best to create an engineering staff,
which in the organization chart is placed directly under the production manager. The new
situation can beseen in figure 9.7 on page 75 . This way all the engineering knowledge is
available from one source, answerable to one man, and accessible for all production branches.
The principle of one man one boss is not violated either. The system of making line officials
lower in the organization responsible for their subordinates' energy use, should make sure
that the staff sections are asked for help, every now and then. Another 'staff unit', although
not answerable to production, is formed by the teehuical department. The technicians and
quality controllers from the teehuical department can also suggest improvements for the
production system. Just like they do with their quality activities. The teehuical department
must remain an independent department, since the tasks storing registration and checking
should be kept separated from execution and deciding.
6 Although

mill three is the biggest steam consumer, most of the machines also use electricity.
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9.5

Policies outside of the feedback system

The feedback loops that will be constructed in the next section form the hart of the system that
should control the energy use at Urafiki. As can be read in the chapter 7, the loops alone are not
sufficient for an effective program. Elements that are needed in addition to the feedback loops are
described in this section.

9.5.1

Energy policy statement

As said, the policy statement should include:
1. The objectives of the management system
2. The influence of the management system on profit and the continuity of the company
3. The assignment of someone who is, in the end, responsible for the energy efficiency.
In the case of Urafiki, the three items can be given the following contents.
1. The objectives

7

of the energy management system are:

(a) To increase profits, or decrease losses, by a more efficient use of energy within the given
technological framework.
(b) To create a system that supports long term energy efficiency improvements.
( c) To increase control over the production system.

(cl) To maximize energy efficiency, by miniruizing waste, at alllevels of capacity utilization.
(e) To reach all objectives with very limited funding, which translates into:
Trying to reach energy efficiency impravement by making the existing machinery
more effective.
u. Not hire any outside expertise
m. Trying to create funding for investments by re-investing (energy) savings (over a
previous situation) into the system.
1.

2. The influence on profit of the company willalmost certainly be positive sirree limited investments are needed, while benefits are certain. This will have a positive effect on the continuity
of the company.
3. The production manager is responsible for the energy efficiency at Urafiki's.

9.5.2

Energy program.

The detailed activities of the first year are hard to give. It is best to let Urafiki management fill
it in by itself.

9.5.3

Integration

Achieved by feedback loops.
Some points might need attention. If at any time the management system faiters because of
failures of people outside of the system, they are responsible for the damage. For instance: the
management system has saved an X amount of money. Production has decided to re-invest this
money. Production can, with the help of costing, show the money has been saved. Finance decides
not to give the money. In this case finance becomes responsible for the (energy)losses.
7 Literature indicates savings of 10- 25% easily achievable. These numbers arebasedon western circumstances.
More so, they are based on psychological 'goal setting' theories that are not applicable to East Africa. Therefore
obvious goals as 'To save 10%' cannot be applied.
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Internal training

Training the employees of Urafiki is important. In western literature concepts as 'internalization'
and 'motivation' play a central role in energy conservation. Hofstede has shown that one should
be careful to apply these concepts in East Africa. Energy care should be a part of the course
newcomers get before being allowed to go to work. Most of the training will be 'on the job'.
Problems should be solved where they occur. Possibly with staff assistance. This is part of the
systems approach.

9.5.5

Reporting

Reporting also follows out of the feedback system. A big factor in reporting is the frequency.
Internal reporting thus is described by the feedback loops.
External reporting is not dealt with by the feedback system. It should be used only in cases
of positive results, or when forced to.

9.6

Tasks, Authorizations and Responsibility

T o make the feedback system work, attention needs to be paid to what happens if things do
not go as planned in the feedback loops. lf things go wrong, it has to be clear who is responsible.
Therefore a distri bution is made of tasks, responsibilities and authorizations over the departments
of Urafiki.

9.6.1

Tasks

Production has the task to improve the energy efficiency.
Engineering has the task to help solve energy problems as staff officials.
Technica/ department has the task to take care of the measurements and the information that it
produces.
Financial department has the task to process the financial information produced by the management system and to (dis )approve suggestions for investments, and also to make sure funds are
available.
Supplies and Purchasing has the task to make sure the investments for which funds are available
are bought.
Administration and Sales and marketing have no tasks.

9.6.2

Responsibilities

Production is responsible for the energy efficiency at Urafiki.
Engineering is responsible for the quality and availability of advises (on energy problems).
Technica/ department is responsible for the availability and the quality of the information (on
energy) produced by the management system.
Financial department is responsible for the availability of funds, when the investments are economically sound. It is also responsible for the quality and the availability of financial data produced
by the energy management system.
Supplies and purchasing has the responsibility to provide the energy management system with the
materials/equipment, once cleared by finance.
Administration and Sales and marketing have no responsibilities.

9.6.3

Authorizations

Production production is the only department authorized to change the production system.
Finance is authorized to reject an investment proposal on economie grounds.
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All other departments have no relevant authority in the framework of the energy management

system.

9. 7

Energy Management Feedback Loops

The feedback loops which are constructed later in this section need to be given a content. This is
clone per element, as treated in chapter 'A systems approach to energy management'.
• The technica! process. The technica! process can be filled in by choosing an energy using
phenomenon as identified by Turner [3, Turner,1992]
• The process. The process is built out of the technica! process and two or three organizational
levels (bottom up). An example of the organizational part of the process is shown in picture
9.2 on page 71
• The process characteristics. The variables that are presented in chapter one to describe the
technica! aspects of the process can be inserted here.
• Frequency of measurements. The frequency is chosen on grounds of the indications Turner
[3, Turner,1992] provides for maintenance, but also on 'common sense'. Charaderistics with
a big financial impact (boilers) should be measured more frequent than others.
• Responsibility. The person carrying the responsibilities necessary in charge of the process.
He is the highest is rank within the process. He is part of the production department.
• Data processing centers. In order to create reliable information, the interest of the persons
working at the centers should not be the same as the interest of the people from departments
that are responsible for the efficiency of the processes. So, production department can not be
allowed to have power over the centers. Engineering cannot be allowed to have an influence
either. The functions deciding and execution, therefore, should be separated from storing,
registration and checking. Registration and checking (partially) is what happens at the
centers. Storing the information is clone by the casting departments as well. This is clone by
the creation of cost centers. Apart from the creation of conflicting interests, it is necessary
to use the knowledge that is around. To achieve this two branches are created.
1. Technica! branch. The technica! branch is uses the knowledge the technica! depart

has in the field of quality controL The mechanism of measuring a sample of a certain
aspect of the production process and camparing it to target values, is what is needed.
This mechanism is exactly what should happen in the energy system. The technica!
department is independent of the production department and can only benefit from
a more efficient use of energy. The technica! department has suftleient scientific /
engineering knowledge to understand the production process. In the current situation
the lower ranks of the technica! department filter the information the gain from the
production process before they give it to their superiors. If a problem can be solved by
a lower rank, this is clone. A lack of quality is linked to the states of machinery, or the
way machines are operated. This is what should happen with the energy management
system. The technica! branch should also translate the technica! data into financial
terms.
2. Costing branch. The costing branch receives data from the technica! branch. The
data are then appointed to a cost center. By doing this the costing branch gives
management a tool to see where money spent on energy is actually used or wasted.
The link costing higher management will be stronger than the link technica! branch
to higher management. This because money is a language most managers understand.
The results of actions can be checked by management by virtue of translation into
money.
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The loops

The feedback loops will he presented in the following order: first steam /fuel, then electrical
objects. The second order is from large to small. So first the largesteam objects will be treated,
foliowed by the smaller steam objects. After that the large electrical objects, foliowed by the
smaller electrical objects, will be treated. For every process the following aspects will be treated,
with corresponding numbers:
1. introduetion
2. measuring (who?, where?)
3. frequency (why?)
4. target values
5. translation into monetary values.

80
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Figure 9.8: Total heat supply feedback loop
Cost centre : 2996
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9.7.2

Total heat supply

(Figure 9.8 on page 80}
1. Total heat supply is the name chosen for the total amount of energy supplied to the mills
in the form of steam. The energy content of the steam can be determined by measuring the
inside diameter of the steam pipes, in combination with the process characteristics.
Total heat supply is the process that gives the best indication of the total demand for
steam of all mills combined. It is not possible to save energy by cantrolling this process by
cantrolling its characteristics. The only way to control the charaderistics is to control the
charaderistics of the smaller processes.
2. Measuring the characteristics should be clone by the technical department. This is not
executable. Measuring will be clone by the boiler operators who are work near the beginning
of the steam pipes. The beginning of the steam pipes is where the characteristics should be
measured. The technica! department must check the measurements of the boiler operators
every now and then.
3. The frequency of measuring the characteristics is every half hour. Because the process is
a central indication on the demand and supply of steam, this, somewhat high frequency, is
justified. This frequency allows for hour to hour interpretation. It also allows to interpolate
between two points, to arrive at the total heat passed between two points of time.
The lab technicians receive a considerable amount of data every day. They should give this
data to the costing department every day, and to the chief chemist every week. The chief
chemist and the head of costing should provide the processing manager with data every
week. The head of costing must give his direct superior data every month.
4. The target values. Since no present values exist, little can be said about the future values.
A 10% decrease of use a year after the system is fully operational should be possible.
5. The translation of steam into money is essential, but elaborate. It is presented in the
appendix on page 133.
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Figure 9.9: Total fuel consumption feedback loop
Cost centre : 2991
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9. 7.3

Total fuel consumption

{Figure 9. 9)

1. Tot al fuel consumption has the samelevel of aggregation as 'tot al heat supply'. Goal of introducing the value is to allow the production manager to make links between fuel consumption
and total production. More so, links between fuel use, boiler utilization, mill capacity utilization and steam produced can he made. Like other indicators of a higher aggregation level
it is a logistical tooi to help higher management.
2. Two charaderistics need to be measured. Fuel bought is measured automatically by the
purchasing department. Purchasing should provide the lab technicians directly with their
information. The second characteristic, liters bought, is to he measured by a device placed
in between the storage tank and the boiler house. Reading its values is to he clone by the
lab technicians.
3. Liters passed can he measured every week, or every day if desired. Measuring itself (once
device installed) is no problem. Fuel bought is measured automatically.
4. Target values; see 'total heat supplied'.
5. Translating fuel into money is straight forward.
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Figure 9.10: Active steam users feedback loop
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9.7.4

Active steam users

{Figure 9.10}

1. Todetermine the steam demand of individual machines, it is possible to measure the steam
demand at every machine. This does not mean that the total steam demand equals the sum
of the parts. In fact, this is very unlikely. Scale effects will play a role. Therefore it is useful
to register which machines are used when (and where, to make sure this is registered as
well). Combining this with total heat supply results in a set of equations that can he solved
to determine the steam demands of individual and clusters of machines.
2. Measuring is very simple, yet by the number of machines that need to he paid attention
to, very demanding. This task cannot he performed by the lab technicians, who have other
things on their minds. The production clerks are best used for this task. Especially cause
in the end the results can he used for effective planning. The costing branch of the feedback
model plays no role in this process. The process can not he translated in to money, and
shows up at other cost centers anyway.
3. The process needs to measured whenever this is possible.
4. see previous processes
5. -
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Figure 9.11: Heat station feedback loop
Cost center : 2996
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9.7.5

Heat station

{Figure 9.11}

1. The heat station can not be considered as part of a mill. It must be considered to be part
of the steam system as a whole. The responsibility is placed at the biggest steam user,
mill three. By the nature of the activities that may take place at the heat station, the
maintenance oftlcer processing is the 'responsible person'. The activities that take place
are mainly repair or preventive rnainterrance activities. This reflects in the frequency of the
process.
2. Measuring the items is fairly simple. A meter 8 should be bought to measure pressure
inside the flash-tank. Since the frequency is once a month, the lab technicians can measure
themselves.
3. Measuring the values once a month is suftlcient. The main goal is to prevent an unwanted
state to re-occur. In other words, to check if the heat station is well maintained.
4. Present values are:
(a) Lacking or insuftleient. For Insulation
(b) Blowing through. For steam traps.
(c) Present. For leaks
( d) Unknown. All qualities like pressure and temperature.
Target values are obvious. For item one through four, repair is suftleient

9

5. Translation of the charaderistics into money is presented in appendix G.7.

8

No meter is present. Th is goes for all meters throughout the report, unless stated else.
brings up the problem of investments. This will be treated in an appendix starting on page 134.

9 Insulation
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Figure 9.12: Boilers feedback loop
Cost centre : 2991
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Boilers

{Figure 9.12}

1. The boilers present a big possibility to improve energy efficiency. The charaderistics are
sametimes presented in abbreviated form. %0 2 orCO stands for percentage oxygen in the
fiue gas. Leaks stands for leaks in all pipes transporting water, oil or steam. An important
characteristic of the boilers is formed by the capacity of the boilers, which can be found in
on page 105, but is a constant 10 .
2. Measurements should be carried out by the boiler operators, and checked by the technica!
department. Unfortunately it is not possible to let the lab technicians carry out all the
measurements, because of the high frequency.
3. The frequency of once an hour is chosen for certain characteristics. These are the %02 and
the temperature of the exit gas. Feedwater temperature can he measured once or twice a
day. Leaks and boiler blowdown operation need regular check ups. Checking once a month
is sufficient. Sulfur content of fuel is provided by the supplier.
4. The target values for 02 and feedwater temperatures, as well as blowdown operation and
the temperature of exit gas, can be found in appendix G.4. Present values are not known.
Leaks should be repaired within a year.
5. The translation of certain values of the charaderistics into money value can be found in
appendix G.4.

10 13000

and 12000 kg/hour (water- fire tube boilers).
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Figure 9.13: feed water system feedback loop
Cost centre : 2991
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{Figure 9.13}

Of the elements 11 of the 'feed water system' (raw water storage, water softener, mixing tank)
only the mixing tank will be treated. The other elements can not be controlled by the designed
system. The problems with the water softener are recognized by engineering. lts malfunctioning
has effects on 'boiler blowdown', and are treated there.
1. Besides the characteristics presented in figure 9.13, there are other properties that can be
measured. These properties are:

(a) Flow of (cold) water into mixing tank
(b) Flow of return condensate into mixing tank
(c) Temperature of return condensate
(d) Pressure of return condensate
(e) Pumps and other electrical equipment
Determining these values (one through four) allows for calculations on the efficiency of the
tank's functioning as a storage medium. Said in a different way: a heat balance based on
the data makes calculations on losses possible. The losses are an indication on the insulation
of the various elements of the system. Water and condensate inflow can be compared to
the inflow into the boilers to have an indication on the losses (leaks). The pumps should be
checked on excessive noise and volts and ampères should be written down.
More important is the question if the return condensate is fed back. The functioning of
steam traps should be checked. Steam traps are described in appendix G.6.
2. Measuring of inflow of water and condensate should be clone by the operators. All other
items, which are measured once a week or less, can be measured by lab technicians.
11

Others in figure 9.13 is described below
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3. Water inflow and condensate inflow at various points should be measured at the beginning
of every shift. All other items once a month. First the present values have to be determined,
which requires higher rates of measuring.
4. The target value for steam traps and leaks is: functioning well within a year. For other
items a 10 % impravement within a year is possible 12 .
5. Financial consequences of steam traps can be found in appendix 'steam traps', starting on
page 136. The costs of leaks are dealt with in the appendix G.7.

12 Jacques

and Lesourd
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Figure 9.14: feed water system feedback loop
Cost centre : 2991
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Figure 9.15: fuel to boilers feedback loop

9.7.8

Fuel to boilers

(Figure 9.15}
1. The charaderistics marked with '(*)' need to be split into physical qualities. Temperature

of fuel can be measured at several locations in between the storage tank and the boiler
inlet. This provides management with an indication on the necessity of insulation. The
inlet temperature at the boiler should be above a certain temperature. Liters (gallons) of
fuel should be treated the same as 'temperature of fuel ', but this time to get an idea on the
effects of leaks.
The outside temper at ure of the heat exchanger is, tagether with the temperature of the fuel,
an indication on the effectiveness of the heat exchanger. The heat content of the return
condensate, the fuel and the temperature of the steam supplied determine the boundaries of
what is possible with the heat exchanger.
2. Measurements that are written down every shift, such as the temperature of the fuel and
the liters fuel passed need to be measured by the operators. All others have a much lower
frequency and can be measured by the lab technicians.
3. Liters of fuel passed needs to be measured every shift. Fuel temperature can be measured
every shift, but once a day on varying times is sufficient. For all other qualities, once a
month measuring is enough.
4. Target values can not be determined in most cases, since no present value is known. Leaks
should be repaired within one year, missing insulation might a few months more.
5. Translation into money can be read in the appendices.
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Figure 9.16: Steam supply and return feedback loop
Cost centre : 2961
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9.7.9

Steam use in mill number one

M ill number one is almost identical to mill number two. At least before the refurbishment.
Therefore steam use in mill number one should treated in exactly the same way as steam use in
mill two.

9.7.10

Steam use in mill number two

S team use in mill number two plays a relatively small role in the total production system.
The steam is used by the starching/drying machines (three are present), and the 'boiling' section
located next to starching.
Steam supply and return system,

(Figure 9.16}
1. The entire steam supply (and condensate return system) is expected to improve in efficiency

if the three charaderistics are controlled. Insulation is chosen instead of temperature measurements because steam is hard to measure (harder than fuel or water, or in fact most
fluids). lnsulation can be checked by surface temperature or simply by presence.
2. All measurements can be clone by the lab technicians.
3. A frequency of once a month is sufficient.
4. At least one of the steam traps is blowing through. More likely is that all steam traps are
blowing through. lnsulation is mostly present but very old. Leaks occur. Target value is to
have all charaderistics fixed within a twelve to fifteen months.
5. Translation into money can be found in the appendices.
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Figure 9.17: St arching and drying feedback loop
Cost centre : 2967
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(Figure 9.17)

1. The outside temperature of the dryers should be measured to have an indication on the
insulation of the machines. More important are open air connections between the inside of
the machine and the 'open' air. The pressure inside the pipes, tagether with the size of the
steam pipes and the hours of operation, determines the energy that is fed into the dryer.
The dryer is operated by opening or shutting the steam pipes. This is clone to keep the
inside temperature around 100 degrees Celsius.
2. Measuring must be clone by the operators (hours of operation, pressure inside pipes) and
the lab technicians (steam traps, insulation).
3. The hours of operation are measured continuously. Pressure inside the pip es can be measured
every half hour. Other charaderistics can be measured once a month.
4. The steam traps should be repaired within a year. All other val ues cannot be determined
due to lack of present values.
5. See appendices for transformation into money.
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Figure 9.18: Steam using machines in mill three feedback loop
Cost centre : 3393
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9.7oll

Steam use in mill three, machines

{Figure 9.18}

1. The charaderistics presented in figure 9.18 'Heat demand' can he split up in the following
properties:
• pressure of steam (in pipes)
• time span steam is actually supplied to a machine
• temperature inside machine
• size of steam pipes supplying steam
• nature of material inside machine
Purpose of this characteristic is to he able to predict the steam/heat demand of every
individual machine. Pressure, time span, flow and temperature determine the heat that is
supplied to the inside of the boiler. The nature (type, quantity) of the material might turn
out to he an independent.
Insulation can he checked by measuring the outside shell of the machine, or simply by a
visual check (present or not). Total hours of operation provides management with data on
which machine is used when. The pressure inside the pipes, together with total time of
steam supplied and the flow determine the amount of energy that is fed to the machine.
Steam traps should be checked on being in the right place. Some steam traps were found to
be located in such a way the steam passes through the machine first, and through the steam
trap later.
2. Measuring is clone by the operators, checked by lab technicians.
3. Total heat demand can he established once a year. Steam traps must he checked every
month. lnsulation every three months. Others constantly.
4. Most target values can not he determined, because of lack of present values. Steam traps
and isolation restored within a year.
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Figure 9.19: Steam infrastructure in mill three feedback loop
Cost centre : 3392
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(Figure 9.19}
1. The charaderistics mentioned in figure 9.19 can be split:

• Steam traps :
- presence / location
- lack of presence
- functioning
• Insulation 13

:

presenceflocation
outside temperature of larger pipes
diameter of pipes without insulation
• Leaks:
- steam leaks
- return condensate leaks
- open end pipes not connected to the return system;
2. Measuring can be clone by the lab technicians.
3. Measuring steam traps and leaks every month, insulation every three months.
4. Steam traps and leaks functioning within three months. Insulation within a year.
5. See appendices.

13 Do

not forget to check the underground supply lines
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Figure 9.20: Electrical infrastructure feedback loop
Cost centre :2981,2982,2983
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Electrical infrastructure outside the mills

(Figure 9.20}

1. 'Tanesco factors' (factors that determine the way the electricity billlooks) can be split in

14 :

• Voltage at which Tanesco meters
• Maximum demand
• Unit charge
All transfermers need to be checked on two items:
• Cleanness/maintenance
• Load factor
Kilowatt-hours should be registered for each mill separately, and for the factory as a whole.
The ampacity 15 can be determined by studying the electrical layout of the factory.
2. Measurements can be quite dangerous here, so they best be done by electrical engineers.
3. The frequency of the kWh use can be as high as every shift. The factors that determine
the electricity bill's shape are measured by Tanesco. The transformer charaderistics can he
measured once every month. Ampacity needs to be established once, and then with every
new element.
4. None of the target values can be given due lack of present data and measuring equipment.
5. Losses due to ampacity problems, transformer uncleanness and stray currents (eddy currents)
are dealt by standard electrical engineering literature, which is available in Dar es Salaam
(University) or can be obtained from suppliers.
14

The way Tanesco creates its electricity billis shown in the appendix G.9
for currents.

15 capacity
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Figure 9.21: Electrical equipment feedback loop
Cost centre : 3081,3086,3281,3286,3181,3186,3381,3481
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1. The

16

charaderistics mentioned in figure 9.21 need to be split:

• Lights

17

foot-candles
burnt out lights
• Kilowatt-hom used per group; a group is a number of application that is connected
to one busbar in the transfarmer room. To every busbar((system) there is a meter
attached, although most do not work. Examples of a group are: light (throughout the
mill), air-conditioning, weaving etc.
• Air-conditioning
Inside temperature
Outside temperature
Humidity inside
Humidity outside
• Electrical engines

18

for production

Ampères used
Power Factor
Voltage difference between phases supplied.
16 (*) Mill manager in figure 9.21 is not a rank that exists in reality. The term corresponds with processing
manager, weaving or spinning manager. The term 'mill manager' is used by Urafiki employees.
17 Experiments were run in the loomshed to determine the improvements possible by better operation of lights.
Data are presented in appendix G.8. The condusion was that the single biggest factor was leaving the lights on
when no production took place, especially during the breaks. This might seem of very small infiuence. but one has
to consider the number of lights at Urafiki, and the duration of breaks (a total of more than an hour per shift.
18 including air-conditioning engines
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2. Measuring is to be done by the operators or engineers, with the lab technicians checking in
a statistically sound way. The engines are this big a unit, sampling is required (appendix
E).
3. The frequency of measurements for 'engines' is determined by statistics. Air-conditioning
needs to be checked once or twice a shift. Lights (burnt out) once every two weeks or
(foot-candles) every year. Kilowatt-hour used per group must be measured every shift at
least.
4. Target values cannot be determined, see previous subsection.
5. Translation into money poses few problems with electricity.
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9.8

Conclusions to the Chapter

In chapter 9, no new data were introduced. Many of the conclusions that can he drawn to this
chapter, have therefore already been drawn earlier. Still, some conclusions are new.
• The engineering department needs to he reorganized.
• The engineering department needs to he reduced in size.
• The production department needs to he made responsible for the entire functioning of the
utility subsystem.
• The creation of a single, central staff unit with engineering knowledge is compatible with
the rest of the organizational design.
• The line-staff organizational model is suitable for Urafiki.
• Five departments at Urafiki must he involved with the energy management system, if it is
to function well.

Chapter 10

Conclusions and
Recommendations
Most of the conclusions and recommendations have previously been mentioned in the final sections
of other chapters.

10.1

Conclusions

• Using a top-down approach is suitable for improving the energy efficiency at Urafiki.
• Little information on the use of energy is available to Urafiki management.
• The distribution of responsibilities for the use energy at Urafiki has to be improved.
• Improving capacity utilization is an important way to improve specific energy efficiency.
• Within the framework of the energy management system, more attention should be paid to
the steam/fuel subsystem, than to the electrical subsystems.
• Western theories on energy and environmental management systems cannot be applied to
Urafiki without modifications, caused by culturally biased theories.
• An organizational structure resembling Mintzberg's 'simple structure', is well suited for a
typical Tanzanian company.
• (Compared to the Netherlands) Motivating efforts should be more directed at groups, and
less at the individual.
• The top levels in the Urafiki organization should play a bigger role in the energy management
system, than the same levels would in a Dutch organization.
• The formulation of an energy policy is necessary, if the energy management system is to
function.
• The introduetion of the 'loops' (chapter 9) is not sufficient to meet the standards set by BSI
7750, but is an important impravement over the present situation.
• In the present situation, energy is considered as overhead.
• In the present situation there can be no incentives, no feedback and no target setting, due
to (among others) a lack of information on the use of energy.
• The relationships between the utility, heat recovery and transformation subsystems are such,
a single person should be responsible for energy efficiency.
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• A reorganization of the engineering department is necessary if the energy efficiency is to be
controlled.
• An approach which measures the waste of energy in a direct way 1 is helpful if Urafiki wants
to minimize the energy waste occurring at each level of capacity utilization.
• Within the framework of system theory, it is necessary to take the environment of the
management system into account, if the energy efficiency is to improve.

10.2

Recommendations

• For Urafiki:
First introduce the loops which require no investments.
Reinvest the money saved into the loops which do require investments.
Introduce the feedback based energy management system as is outlined in chapter 9.
When the energy management system is functioning, extent the system to incorporate
environmental aspects.
Write energy management manuals.
Reorganize the engineering department
Expand the cost center system with the energy cost center system.
Continuously re-evaluate the state of the equipment.
Introduce energy and environment as points of attention in the introductionary training.
Introduce allelementsof an energy policy which are necessary to live up to the standards
as set by the BSI 7750.
• For further research:
Study the functioning of the overall management system of Urafiki.
Execute a full energy audit.
(Consequently) Create a list of ECO's, arranged by pay-back time and influence on
profitability.
Study the legal frameworkof Tanzania for demands which are made on Urafiki (environment).
Investigate possibilities to obtain funds by living up to certain environmental (energy)
standards.
Construct an African values survey (A sixth dimension).

1 not as a difference between in and out-flow, but as a difference between the possible best state and the present
state
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Appendix A

Infrastructure
The infrastructure of Urafiki that will he given attention to includes the buildings, the electricity
system and the twin system of fuel and steam systems.

Buildings

A.l

The main buildings of Urafiki are the three mills in which the production takes place. Of these,
mill one and two are (used to he) completely similar. Mill one is now being modernized. Mill
two is capable of operating both the spinning and weaving sections at full capacity. Mill three
is the processing mill. This is where the majority of processes take place that require heat and
(therefore) steam, such as printing and coloring. As a reasonable estimate on the size of the mills
can he given a surface of two hundred and fifty thousand square meters and an average height of
eight meters. Special feature of mill number three is its open structure 1 .
0 ther important building blocks are the office buildings. The office buildings consist of
two buildings. One in which the General Manager holds office, another in which the persounel
department is placed. To the office buildings no attention will he paid in this report. Nor to the
activities that take place inside their walls. That is to say, the energy efficiency of those activities
will not he measured.
More important from an energy point of view are the substation, the boiler house and the heat
station. The structures themselves are irrelevant to this report. The equipment they house are
crucial to energy efficiency. The refrigeration section is another building that is not interesting
itself, but gives shelter to machines that consume a lot of energy. In this report not much attention
is being given to this building, or its machines 2 .
Buildings that are not dealt with at all in this report are : engineering building, workshop,
cantina, storage 'hangars', school and training center.
All buildings mentioned above can he found on picture A.1 on page 102.

Steam and fuel infrastructure

A.2

In 1993 (sixty percent capacity utilization) fourteen per cent of all production costs was spent on
fuel oil. This makes fuel oil (and what is clone with it) the most important subject of an energy
study. In 1993 5,617,200 liters [17] offuel oil were used, equaling about 218,509 GJ. Fuel is used
by Urafiki to generate steam. This is its sole purpose. Therefore fuel is looked upon as part of the
steam system. Fuel and raw water are imported into the Urafiki premises. They end up as steam,
usually in Mill number three. Mill number three is the main steam and therefore fuel consumer.
1 Only
2 It

mill three has 'open' walls. This has a special effect on air conditioning efforts
is being treated as part of HVAC (Heating, ventilating and air conditioning systems)
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Figure A.l: Generallayout Urafiki premises.
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T o start with, the steam lines are sketched on the general layout of Urafiki. This is clone in
tigure A.2 on page 104. The route in between boiler house and heat station is characterized by
three pipelines. The inside pipe carries return condensate, the outside two steam. They have
opposite (and logical) directions. So, steam goes one way (to the mills), return condensate the
other (from the mills). At the heat station the steam is collected from both incoming lines, and
distributed over three lines going to three mills. The condensate from the three mills is collected
(heat-box) and then send back to the boiler house.
N ow that the general outlines of the steam system have been established, a look is being taken
at the elements that form the system. The order in which the elements are presented follows
the process of transformation from oil to steam : from oil starage and preheating via cambustion
to the steam users. Following this approach will also lead to a increasingly smaller scale of the
objects studied. This cannot prevent that when an object is described, details can be included
in an early stage. This might happen if such a detail forms an important factor with respect to
energy efficiency.

Fuel storage and pre-heating

Fuel is stared in a tank, next to the boiler house. The fuel (Agip's furnace oil, industrial fuel oil
type no.6) is entered into to the directly from the fuel truck. Because of the high viscosity of the
fuel, it needs to be pre-heated befare being burned up in the oven of the boilers. This preheating
process does not take place at the very startup of the boilers. This because the pre-heating is
clone with steam, which generated in the boilers. Next to the preheating room is the room where
the return condensate is received, and gives its heat to the purified (supposedly purified) water.
This room is referred to as 'mixing room'. Outside ofthe mixing room is the 'mixing tank', where
warm, mixed water is waiting to be used by the boilers. Once the fuel/oil is heated, it is led into
the boilers. Location of the various elements can be found in picture A.3 on page 104.
C ertain parts of the starage / preheating system fall in the category of 'potential energy
wasters' or 'energy conservation opportunities EGO'. In the route between tank and preheaters,
leaks are in the oil transporting pipes are an ECO. Every bit of fuel on the floor (and in the
present situation there is quite some) indicates leaks that should be fixed. The heat exchanger that
exchanges heat between the steam and the fuel should notexchange heatwithits environment, just
as the pipes should be well insulated. The heat content of the steam is determined by its pressure
and its temperature. The effectiveness of the heat exchanger can be determined by measuring the
difference in temperature and pressure between the steam and the return condensate. Quality of
the fuel should be adjusted to operation of the equipment, in order to make it possible to operate
at maximum capacity. Steam traps are attached to the steam pipes to fulfill their normal function
3
. A steam trap that is stuck in either the closed or open position is a big energy waster. In the
present situation most steam traps in all of Urafiki are under the suspicion of blowing through,
since live steam was ventilated to open air everywhere 4 .
Feedwater system

The feedwater system is, tagether with the fuel- system described above, one of the two major
imparts into the boiler. It provides the boilers with water. This water is turned into steam. The
feedwater system is built out the following elements : the raw water storage, the water softener,
the mixing tank for softened water and return condensate, the supply system for preheated water
to the boilers. The system is sketched in figure 5 A.4 on page 108 The goal of the water softener is
3 Steam

traps will bedealt with later more extensively.
steam being blowing into the air made it possible to judge whether ar nat the boilers were working from
a mile away. The steam was released in between the starage tank and the mixing tank.
5
This figure is taken from a report called 'Review of steam generating plantand introduetion of systematic plant
maintenance system. Written by : Project Office, National Textile corporatien limited, 1992
4 Live
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Figure A.2: General layout steam distribution.
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to remove certain elements from the water. This prevents scale forming, which is bad for energy
efficiency. The water softener has been out of order for at least five years. The degasifying is
clone by flashing return condensate and guiding it through a shower of feedwater. This way the
feedwater is warmed up, and oxygen and C02 are removed.
T he errors that can he made with the raw water storage tank are limited to leaks. The
treatment of the raw water should simply he clone, the costs of not doing this are too high. Urafiki
engineers are well aware of this problem, yet do not seem capable of solving this problem. The
mixing tank can he described by means of the inflow of water, the inflow of condensate, the
temperature/pressure of the condensate, the temperature of the resulting mix, if the condensate
is led back to the tank and the number of leaks in and around the tank. The degasifier is best
described by the percentage of oxygen and C02, but these two values are not of great importance
to the energy use of the plant. All pipes carrying steam and/or condensate can have steam traps
attached to them. These steam traps are important for energy efficiency.
Boilers
There are seven boilers at Urafiki, six ofthem functioning. Two fire tube boilers (made in England),
four water tube boilers (made in China). The English boilers have a capacity of 12000 kg/hr
(output steam), the water tube boilers have a maximum output of 13000 kg/hr. When the plant
(three mills) is in full operation, two water tube and one fire tube are sufficient to fulfill the demand.
The Chinese boilers are numbered 3 to 7 in picture A.3 on page 104. The English are numbered
one and two. The English boilers date from the late seventies, the Chinese boilers were installed
when the plant was started up. In this decade energy was still a production factor that did not
necessarily receive a lot of attention. No statements on the efficiency of the boilers can he made,
because of lack of measuring equipment. Both installed and temporarily available. The following
variables were measured on a everyday basis, and written down on a sheet. Obtaining on of the
sheets was simple, sirree the sheets on which the data was written down was never collected anyway.
Items: steam pressure, steam temperature, load inside the boiler (x), temperature inside the boiler
(x), outlet pressure of the smoke duet, inlet pressure of the sucking fan (x), smoke temperature
(x), outlet pressure of the fan, current of the sucking fan, current of the fan, temperature of the
baring of the fan (x), temperature of the hearing of the sucking fan (x), indoor temperature. All
items to which an '(x)' is attached, do not have functioning meters, and therefore no readouts.
Turner identifies parameters that determine the efficiency of a boiler. Most of these parameters
are not measured in the present situation. The boilers probably represent the single biggest ECO.
It is therefore important that the boilers receive the highest priority of the management.
F our phenomena determine, for a considerable part, the energy efficiency of a boiler. These
are : excess air, stack temperature, load balancing and boiler blowdown operation. Load balancing
lies somewhere in between engineering and logistics.
Excess air is air that is added to the oven, when there is already enough air for total combustion
of the fuel. A lack of oxygen available to the combustion process leads to CO. This is another
undesired phenomenon. The two (CO and excess air) lead to the a maximum of excess air. For
Agip's furnace oil the optimum excess air percentage is ten to fifteen percent, corresponding to a
two to three percent volume percentage oxygen. If too much excess air is added to a combustion
process, this air needs to he heated as well, which leads to a higher fuel consumption. To arrive
at an estimation of the costs or savings of a certain situation, the following variables need to he
measured : 1) percentage oxygen 2) fin al exit temperature 3) fuel type 6 . The steps (graphs) to
arrive at annual savings are presented in a appendix starting on page 134 To control the air inside
the combustion room it is important the room is air tight.
Stack temperature. Second factor in boiler efficiency is the stack temperature. The gas rejected
represents a heat souree if the temperature is high, and is also an indication of the effectiveness of
6 Fuel

type : Agip's furnace oil, industrial oil no 6.
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the heat exchanging process inside the boiler. A heat exchanger can he used to reclaim the heat
that is wasted by letting the gasses flow into the open air. The final stack-gas temperature that
can he reached by an economizer is given by formula A.l ;
(A.l)

Tg

= Final stack gas temperature

7}

= Process liquid feed temperature

in combination with the flue-gas dew point, which is dependent on fuel type and percentage of
S(ulfur). The final exit temperature that can he reached with the instanation of an Flue Gas/Air
pre-heater is given by the relation (A.2):

Tg= 2Tee- Ta

(A.2)

Tee = flue-gas air preheater recommended average cold end temperature
Ta = ambient air
Tee can he determined with the help of figures like 5.13 in [Turner].
Boiler blowdown operation. Boiler blowdown is made necessary by the non- evaporation of
water-impurities (water softener plant !). The impurities therefore remain in the boiler water,
causing inefficiency. The concentration is usually controlled by the adjustment of the continuous
blowdown valve, which controls the amount of water purged from the steam drum. When not
controlled properly, two things can happen: too little blowdown, resulting in sludge deposits or,
secondly, too much blowdown, resulting in too much hot water being wasted. So, significant efficiency improvements can he obtained by : {1) establishing optimum blowdown levels to maintain
acceptable boiler water quality and to minimize hot-water losses, and (2) the recovery of heat from
the hot water blowdown. To determine the actual blowdown (A) the following values have to he
obtained ...
lb/hr STM = lb/hr of steam output from each boiler.
lb/hr MU = lb/hr of makeup water to the deaerator from the water
treatment plant
lb/hr BFW = lb/hr of boiler feedwater toeach boiler.
T
= ppm of impurities in the makeup water to
the deaerator from the treatment plant.
= ppm of concentrated impurities in
B
the boiler drum water (BD water);
%MU
= {lb/hr MU * 100 %) / totallb /hr BFW.
ppm of impurity in BFW T *% MU.
A
%BD
= B~A X 100

=

=

Then, required Blowdown can he determined by using table 5.11 {Turner, 1993) and
a
% BDreq'd = B
A x 100%
req'd-

and finally,
lb/hr BDreq'd = %BDreq'd x lbjhr STM

{A.3)
7

The costs of not operating the Blow-down procedure properly can he determined by calculating
: 'A minus equation A.3'.
Load balancing. Load balancing tries to determine the most efficient way to use the boilers.
Two figures are necessary : the total demand for steam, and the efficiency of the boilers for
different demands. Balancing can he seen as part of the feedback loop 'active steam users'. A
more detailed description of the load balancing can he found in an appendix on page 133
7 outcome

will be in terms of waste energy
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The heat station
The heat station is a distribution point located in between mills 1 and three. In this room (rough
indication on size : 200 square meters, one side about ten meters) the incoming steam lines are
split in three lines. Every mill receives one line. The distribution takes place via a (supposedly
pressurized) tank. All steam carrying lines are connected to this tank. The second function of the
heat station is the collection of the return condensate from the mills. This is clone by connecting
the three incoming condensate lines to a big, 'isolated' box. One line comes out of this box, and
goes to the boiler house the location of the elements is shown in picture A.5 on page 108. The
section with steam is located one level above the return condensate section. In all of the heat
station no functioning meters were found. The leaks in the return condensate sections were so
numerous that the basement was covered completely with water. Outside of the heat station live
steam was ventilated to the open air, indicating steam traps blowing trough. The insulation of
the heatbox was such that its heat can be feit throughout the building.
F ollowing above description the following variables can should be guarded : lnsulation
of pipes and other elements (heat box), leaks (both for condensate and steam system), outside
temperature of the heat block, the functioning and presence of steam traps and the pressure inside
the tank. Temperature and pressure of the condensate can also be measured, but cantrolling these
variables would have to clone via other variables, as mentioned above.
Sizing and starching, Steam consumption in mills number one and two
Mills one and two are not the biggest steam consumers within the Urafiki production process. Only
one (two) steps in mill one (and the identical mill two) involves the use of steam. Mill number
two will be dealt with only. The situation in mill number one is 'exactly' the same. The heat that
is required for the sizing starching of the texture is delivered by steam. In Mill number two, three
starching machines are present. In the room next to the starching machines, steam consumers are
installed that use the provided heat to 'boil' the supplied cotton. The saturized steam is brought
into the mill by a steam pipe, and a pipe of the same size returns the return condensate to the
heat station. Two pumps are installed to provide the power that is needed to actually establish a
flow from the flash tanks to the heat station. The main stream of return condensate to the flash
tank is formed by steam that has been used in the starching machines. The second flow is caused
by steam traps, which are installed at several places, and are connected to the incoming steam
lines and inside the starching machines. The steam loses energy inside the starching machines by
being forced to go trough radiators, thereby heating the inside of the starching machines. The
temperature inside the st arching machine must be around one hundred degrees Celcius (a bit less,
say 98-96), The temperature level is controlled by steam valves and a temperature gauge. The
meter is read by the machine operator. Less or more steam is supplied to the radiators, dep en ding
on the temperature level inside the starching machine. The desired temperature of 98 degrees C.
is reached within several minutes, starting with the outside temperature. Meters that measure
temperature and pressure are installed at the starching machines. No literature on the machines
was found.
T o deal with the steam use in mill number two, a distinction is made between the steam
and condensate system, and the starching/sizing and boiling machines.
• starching/sizing machines :
- total hours of operation
- average time needed to reach one hundred degrees Celsius {dep en ding on pressure of
steam)
average pressure in pipes directly before entering starching machines either the air to
the due to lack demand can be starcher; interior of
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Figure A.4: General layout feedwater system
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functioning of steam traps inside the st archer.
insulation of the starcher, by means of outside temperature.
• steam supply and return system :
leaks (both steam and condensate)
insulation, by visual checks and outside temperature.
functioning of steam traps
• total number of hours of operation of the 'boiling machines'

All steam traps have to be located, some are already known. Steam traps are attached to the
main supply pipe (directly to the flash tank, by its own pipes, but also closer to the st archer), are
placed inside the starcher, and can also be found connected to the return pipes. The steam traps
that are attached to the flash tank, can be considered to be the most important, sirree they vent
to open air 8 . Pressure and temperature gauges are present and functioning.
Steam consumption in mill number three
Mill number three is the biggest steam user within Urafiki. Most of its production steps use steam.
A wide variety of machines is present inside mill number three. Most are as old as the building
they stand in. There is no point in descrihing all machines inside the mill. A black box approach
is chosen (as intherest of this report). This means that only a limited number of variables needs
to be controlled. Every machine can therefore be treated in the same way. In this section one
hypothetical machine is chosen, which represents all machines. A layout of the steam system in mill
number three is given in picture A.6 on page 110. Notice that the steam traps are located after
the machines. This means that they can not prevent 'water hammer' inside the machines. With
at least one machine the return condensate was simply wasted 9 . The parameters that descri he
the machines for an energy management program are almost identical to the ones used for steam
consumption in mill number two :
• steam consuming machines :
total hours of operation
average time needed to reach the desired state (dep en ding on pressure of steam)
average pressure in pipes directly before entering machines
total heat demand. To be determined by either the air flow or the actual time that steam
is supplied to the starcher. The air flow cannot be determined due to lack of measuring
devices. So, the total heat demand can be determined by measuring simultaneously:

*

pressure of steam in and outside machine;

* temperature in and outside machine;
*

time the steam is actually supplied to the interior of the machine.

- functioning of steam traps .
the presence and location of steam traps

10

insulation of the machines, by means of outside temperature.
• steam supply and return system, civil works:
8 And do so all the time. This is indication that at least some steam traps, and possibly all, are blowing through.
The steam traps that are positioned after the flashtank are almast certain to be found blowing through.
9 This was a new machine. Connecting this machine tothereturn condensate system was toa difficult a task for
the engineers.
10 the steam traps appear to have been placed at the return side of the steam system. This would mean considerable damage to the equipment due to waterhammer.
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Figure A.6: Layout steam system in Finishing department.
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- leaks (both steam and condensate), including disposal of steam or warm water by open
pipes 11 .
- insulation, by visual checks and outside temperature.
- functioning of steam traps

A.3

Electrical infrastructure

The second major energy form used is electricity. Electricity is imported from the national grid
{Ubongo substation is nearby and serves as a backup.) Electricity has three main purposes :
1. Provide power for the dectrical engines in for the weaving, spinning and other producing
machines.
2. Provide power for the engines of the air- conditioning and refrigeration units.
3. Other functions, such as
• Lights
• Workshop machines
• airco in office buildings etc.
There are two independent suppliers of dectrical energy for Urafiki. One is the line directly from
the Ubungo substation, the other the generalline that connects the national grid to Ubongo (the
area). Both branches operate at thirty- three kilovolts {33 kV). Which is high voltage.
T he 33 kV lines are imported directly into Urafiki. This means Tanesco 12 is not responsible
for any of the transformation steps. The first transformation step takes place at the substation
where the 33 kV is being transformed to 11 kV {middle voltage). The 11 kV cables provide each
mill separate with energy. At every mill there are two transformers, which transfarm the voltage
from 11 kV to 0.4 kV. The location of the different voltagescan heseen in picture A.7 on page
112.
n 1993 dectricity consumption was 8,490,700, kWh 13 equaling 30,566 GJ. During a survey
in July 1994 an average power demand 0.85 MWatt, with a maximum of 1700 kVA. Demand
peaks were recorded during the morning (start up?) hours. For the dectricity use Urafiki was
chargedatotal of 374,539,570 Tsh, being twelve percent of total production costs. Specific energy
cansumptian is dependent on the quantity of production. It was found that producing at 3,000,000
meters of cloth per month is the most electricity effective 14 production quantity. It is likely however
that the relation between dectricity efficiency and capacity utilization is such that the higher the
capacity use, the better the dectricity efficiency. Toussaint [5] has found similar results for a
brewery, which also used both steam and electricity. The graph in ESMAP [17] shows a tendency
for specific energy consumption to decline with capacity utilization improving. The condusion
that there is a optimum at 3,000,000 meters per month is doubtful at best. So, the best way ta

I

imprave energy efficiency is ta imprave capacity utilizatian. This gaes far electricity, and prabably
far fueljsteam as wel/. Still, in this report not a lot of attention is paid to capacity improvement.

Primarily because this should he company goal anyway, and needs no further attention. At
11 Look for pipes that dispose large amonnts of hot water or steam, simply because they are not connected to the
return system. At least one of these was present. The waste of energy is considerable, but do not forget that this
is purified water, so the waste of chemieals is also considerable.
12 Tanzanian electricity company
13 Tanzania/ESMAP, Electrical energy and demand survey of Friendship Textile Mills Ltd., DSM, prepared by
TIRDO
14 Tanzania/ESMAP, Electrical energy and demand survey of Friendship Textile Mills Ltd., DSM, prepared by
TIRDO
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Figure A.7: Generallayout electrical distribution.
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least production {department) is a ware of capacity utilization, since they use a figure to estimate
what is going to be reached (sales) and needed (purchasing) in their planning. During my stay
in Tanzania the planning did not strive towards a high capacity utilization. Rather than that
production used historica! data (experience, not necessarily written down somewhere) to estimate
what was possible. Capacity utilization impravement falls outside of the scope of this report. This
report focuses on energy efficiency impravement through control of the energy use, within the
existing situation. Other options such as investments, capacity utilization improvement, change
of products , change of energy sourees are not considered. Most of these options are not practical
for Tanzania, and Urafiki especially, anyway.

Electrical infrastructure outside of the mills
The infrastructure outside of the mills was shown in picture A.7 on page 112. Losses that occur
in these elements can be caused by : losses due to 'power factor' problems, losses due to electrical
resistance (Ohm), and special problems such as eddy currents. So, the following properties need
to be guarded :
• Ampacity of conductors in between substations and mills.
• Kilowatt-hours distributed to the mills (separate for each mill)
• Factors that determine the class of the electricity bil!:
Voltage at which Tanesco meters 15
Maximum Demand
Unit charge
• Transfarmers
Maintenance (cleanness)
Load factor

Electricity use inside the mills
In mills number one and two electricity is the mam power source, m mil! number three it is
necessary to make steam using machines work. All mills have an air-conditioning system. The
system of mills one and two is completely identical, mil! three has a different system. In all mills
lights are present 16 . Problems with the lights include the late replacement of burnt out lamps
(stock is present) and the Jack of onjoff switches, for which fuses and group switches are used.
It is unclear whether or not the lighting leads to an acceptable lighting level on the workfloor.
Air-conditioning and the related refrigeration units consume considerable amounts of energy. In
mills and two a total of 8 units is present that use 25 kW continuously. Refrigeration uses at least
20 kW continuously. The results are questionable. Mil! three seems very unsuited for the use
of air-conditioning, because of its open building structure and many steam leaks. Ventilating to
open air might be a better idea. Even in mil! number two the results of the air-conditioning were
unsatisfying. The temperature and humidity inside the mill were not significantly different from
the 'open air' values. This again suggests simply opening doors might lead to a better result than
using the ancient air-conditioning units 1718 . For every mill two transformers, lOkV to 380 Volts,
are available. They pass the currents on to switch boards, which serve a group inside a mill. Such
a group can be the blowing room, or the spinning room or part of the loom shed. Kilowatt-hour
meters are attached to each board. Some of them actually work. This allows for checking each
production group on electricity use.
15 This

is normally constant at 33kV, but it determines the classification
is switching from 40 to 36 Watt units
17 IT results were different, outside values were sametimes more desirabie than inside values.
18 Results of measurements in the weaving section can be found in appendix on page??

16 Urafiki
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Electrical engines need good maintenance to keep them operating effective. A higher than
normal energy use is a good indication on when maintenance might he needed. This higher energy
use will translate itself into a higher ampère use of the electrical motors, assuming that the voltage
is constant at 380 Volt. Not only leading to more energy use, but also to early retirement of the
machines, is a voltage difference between phases. Voltage difference should he kept under a ten
percent limit. The powerfactor for the engines can he measured for each engine, but it is a better
idea to measure the powerfactor for a group, and study if there is room for improvement. Above
considerations lead to the following parameters :
• Lights 19
foot-candles
burnt out lights
• Kilowatt-hour used per group.
• Air-conditioning
Inside temperature
Outside temperature
Humidity inside
Humidity outside
• Electrical engines 20
Ampères used
Voltage difference between phases supplied.
The items for the electrical engines need to he registered for every machine, in three mills.
B esides electricity and fuel, Urafiki uses gas and cold water as inputs that can he considered
to have an energetic content. Cold water is assumed to have no energetic value. Gas is used in
relatively small amounts. It does notshow up in any cost center, or previous energy studies. It
might well he Urafiki no longer uses gas. Gas will not he given attention to.

19 Experiments were run in the loomshed to determine the improvements possible by better operation of lights.
Data is presented in appendix Naam appendix licht. The condusion was that the single biggest factor was
leaving the lights on when no production took place, especially during the breaks. This might seem of very small
influence. but one has to consider the number of lights at Urafiki, and the duration of breaks (a tot al of more than
an hour per shift.
20 including airco engines

Appendix B

Organizational strucure
B.l

Production department

The production department is the productive core of the company. The mills are populated by,
mainly, production people. By the number of the machine operators alone, production department
would he the biggest department of the company. At least fifty percent of the Urafiki persennel
is part of the production department. The production department has seven ranks. On top the
production manager can he found, at the bottorn the machine operators and mechanics. Vertically
the department can divided into four parts:
1. Spinning
2. We aving
3. Processing
4. Planning

Spinning and weaving are located in mills one and two, processing in three. Planning is located
in all three mills. The planning sectien is not directly responsible for production, but serves
as a logistic support unit. Planning counts the quantities of what has been produced. Every
month the production meeting is held, in which the production goals of the following month are
determined. The meeting 1 is attended by the Sales and Marketing manager, the planning manager
is the secretary whereas the production manager is the chairman. During the meeting matters
concerning production quantity and quality are discussed. Solutions are also brought forward (!).
Longer term (up to five years) goals for production are also set in cooperation with the sales and
marketing department. The long term targets ( more than one year ahead) are set 'in accordance
with company plan objections and ... purpose to the nation.' The annual production targets is
to he agreed upon by the heads of all other departments. It also has to carry the approval of the
Budget Committee, which is chaired by the finance manager, with the planning manager as its
secretary 2 . Just as is the case with Urafiki as a whole, the top of the structure, to be seen in
picture B.l on page 116, is the place where the four sections meet. This 'meeting of ends' happens
in the persen of the production manager. During my stay at Urafiki, I have found few indications
on spontaneous, non official links between the mills. Links between spinning and weaving, and
planning and the other sections are more likely. Following the top structure of the production
department there are five ranks (for planning four). This structure will he shown for the weaving
section, which is identical to the one for spinning. The structure can he seen in picture B.2 on
page 116. Four parallel structures (to the one presented in figure B.2) exist. Parallel in the sense
1 The production meeting is given attention to because it shows how planning at Urafiki works and also because
this meeting is a place where energy should be given attention to regularly.
2
The planning manager has to approve a proposal by hls own department's superiors.
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Figure B.l: Top structure production department.
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that they too are vertical structures, answerable to the production manager and with no side way
ties. The four structures are:
• planning section
• weaving section
• processing section
• spinning section
The planning section is built in the following way, with the levels corresponding to figure B.2
leading of description:
1. Assistant officers spinning, weaving, processing.

2. Planning officers spinning, weaving and processing.
3. Assistant planning officers spinning, weaving and processing.
4. Production clerks
5. -

The weaving section is almost identical to the spinning section, with two lines falling under the
responsibility of the weaving managers.
1. production engineer weaving and assistant weaving manager.

2. maintenance officers and shift officers
3. supervisor mechanics weaving and supervisor production weaving.
4. foreman mechanic and foreman production
5. mechanics and operators
The processing section, headed by the processing manager is the only section that covers a mill by
itself (mill 3). Just as in mills 1&2, there is a production and a maintenance line.
1. process and chemical engineer (1 person)

2. shift officers dyeing, printing and finishing and maintenance officer processing
3. supervisors production and supervisor mechanic
4. foreman production and foreman mechanic
5. operators and mechanics

B.2

Engineering department

Engineering is the second most important department in the field of energy conservation. The
most important is formed by the users, production. Engineering does not have nearly as many
employees as production. It does have a considerable percentage (top three or four levels) of
memhers with a higher education. Or at least formal education beyond primary school.
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Figure B.3: Top structure engineering department.
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Figure B.5: Structure mechanica! section
MO = Maintenance officer

MO Boiler

persons
Two Ranks!

operators', 17 person

T he engineering department can be subdivided into three sections: an electrical section, a
mechanica! section with as part of this section the civil section. The department 'has the capacity
to turn objects of rotation, grind, mill, make slots, weid and fabricate. It has its own foundry, as
well as a centralized air-conditioning plant and steam generating boilers3 '. The electrical section
(figure B.4 on page 118) carries the responsibility for all of the electrical equipment at the
factory. This includes the engines of the machines inside the mills. The machines themselves (not
including the engines) are the responsibility of the maintenance sections. The senior electrical
engineer has in recent past paid attention to the use of electrical energy. The power factor of the
mills is currently controlled by capacitor banks4 . The organization repeatedly points to the senior
electrical engineer, when asked about energy. This indicates that there is no overall attention for
energy, both steam/fuel and electricity.
The mechanica! section (figure B.5 on page 119) is headed by the senior mechanica! engineer.
The mechanica! section is then split into two. One section is the mechanica! section, the second
the civil section. The civil section exists out of 18 people, the mechanica! section out of 58.
The mechanica! section can be subdivided into a workshop and a boiler section. The engineering
department has seven hierarchicallevels. The top structure is shown in tigure B.3 on page 118.

3 Corporate

plan 1994- 1998, Tisco
at least one of the capacitor banks was out of order during the last period of my stay. The fact that
the instructions were written in German did not help.
4 Although

Appendix C

Definitions
All definitions taken from 'Systeem en modelbegrippen' by Prof. Ir. J. in 't Veld [12]. Unless
indicated otherwise.

Definition 34 A system
A system is a, depending on the goal set by the researcher, from the environment distinguishable
set of elements, having relations among them and possibly with the environment.

Definition 35 Elements

1

The smallest parts considered. Given the goal, they are not considered to be built out of smaller
'parts'.

Definition 36 Attributes, Values
Charaderistics of the elements. The charaderistics can have values.

Definition 37 Relationships
Relationships exist between elements. They describe a interdependency between the elements of the
system. More so, elements can have relationships with elementsnot betonging to the system (but
to the environment).

Definition 38 Environment
The environment is formed by the part of the universe with which the elements of the system have
relationships.

Definition 39 Universe
The universe is the total outside world

Definition 40 Black box 1
A black box is a system consisting out of one element.

Definition 41 Black box 2
A black box is a system which' internal elements and relationships are not (yet) known or considered by the researcher.

Definition 42 State
A state (of a system) at a certain is a stock of the elements, val u es of the attributes and relationships in the system at that time.

Definition 43 Event
A state is changed by an event.
1 Objects,

components, entities.
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Definition 44 Structure
The structure of a system is the col/eetion of all relationships of a system at a certain time.

Definition 45 Process
A process is a sequence of transformations during the throughput with as a consequence a change
in the input. {Resulting in a output, different from the input).

Definition 46 Open system
An open system interacts with its environment.

Definition 4 7 Closed system
A closed system does not interact with its environment.

Definition 48 System boundary
The system boundary is placed in between the system and its environment. The system boundary
can be determined in two ways:
1. Summarize the elements of the system
2. Give conditions which the elements of the system have to fulfi/1.
To determine the system boundary, two criteria will be used in this report.
1. The number of temporarily elements exchange through the boundary is smaller than smaller
than within the boundary.
2. The function of the system can be formulated with precision. Alien elements in the system
can thus be identified.

Definition 49 Subsystem
A subsystem is formed by a 'partial collection' (groups of elements), withall existing relationships
between the elements left untouched.
Definition 50 Partial system
A partial system contains only a part of all relationships.
Definition 51 Controlled
A controlled system, concerning its function, stabie with respect to disturbances from outside.

Definition 52 Stabie
A system is stabie with respect to some of characteristics, if the values of those characteristics
show a tendency to stay within certain pre-determined boundaries.

Definition 53 Function
The function is the task a system has to perform.

Definition 54 Self-organizing systems
A self organizing system 2 has the ability to change from an undesired to a desired state, automatically, without any stimulus from the environment. (No system can be completely self-organizing,
some input is always necessary.)

Definition 55 Wholeness
A system is a wholeness if the system has such relationships that a change somewhere in the system
has consequences in the entire system. Independenee is the opposite of wholeness.

Definition 56 Operating activities
Operating activities contribute directly to the input, throughput and output.
2 In

't Veld [12) presents two definitions. The second one is used.
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Definition 57 Maintenance activities
The maintenance activities take care of the maintenance and input of means and people
Definition 58 Reguiatory activities
Reguiatory activities coordinate the maintenance and operating activities among each other and
with respect to the environment. Reguiatory activities can be divided into monitoring and boundary
con trol.
Definition 59 Monitoring
Monitoring is formed by the intern al {inner-company) regulating activities. Regulating activities
within a subsystem.
Definition 60 Boundary control
Boundary control activities occur at the boundary of a subsystem. Input is 'coded' and in and
out-going flows controlled. The presence of boundary control changes the boundary line into a
boundary area.
Definition 61 Activities system
The activities system is a system necessary for transforming the input to output.
Definition 62 Goal system
A goal system is an activities system plus the required people and means.

Appendix D

The feedback model
Figure D.l: Example of feedback model
Disturbance (d)
Summing junction
Input (r)

+

Output c
Actuator

Process

Sensor

Input (r) is the flow of states into the actuator. The actuator will act upon the process if action
is deemed necessary. Action becomes necessary when the values measured by the sensor deviate
from the desired values. In figure D.l the signal measured by the sensor is 'summed' to the input
(at the summing junction) producing an error signal. The actuator acts on the error signal. In
the designed control system the actuator (black box) reacts on the difference between the output
and a target value, which is also added to the summingjunction. The disturbances are inputs into
the system from the environment. For a system to be stable, the system has to be able to deal
with certain disturbances (for which the system is expected to he stable).
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Statistica! techniques.
The technica! department is designated to process the data that becomes available by measuring
the production process. The technica! department is chosen to fulfill this task because it has
knowledge of both the production process and quality control techniques. The essence of its role
within the energy management is to compare the results of the measurements of the production
process with goals. This is what it is doing already with the quality of the products. Several
officials within the technical department have had training in quality control techniques. Some of
these techniques are necessary to make large amounts of data visible in such a way that the data
becomes a policy instrument. The main tool will be a 'control chart'. The control chart is a graph
which is built out of the following elements: a mean value, upper and lower controllimits and two
axis, one of which (vertical) is the dependent variabie ( quality, energy), the other the independent
(piece or time).
On the vertical axis there should be mean value. This mean value is the value which is the goal
or expected value of a process. After a substantial number of measurements a standard deviation
can be calculated. On three times the standard deviation, the upper and lower control limits
should be placed. Central idea behind all of this is that a process is a statistica! phenomenon
which varies (in 99 % of the cases) between three times the standard deviation. Values that fall
outside of this range are unacceptable. In case of the energy management system this would mean
that, for instance, all electrical engines in the loomshed must have an ampère usage that falls
within three times the standard deviation of mean value of all engines' ampère usage. The control
chart technique is only suitable for processes that lead to a lot of data. If a process is controlled
satisfactory, the mean/ goal value can changed. The horizontal axis should he tried with both
pieces and time, since these two methods might lead to different conclusions 1 .

1 The use of computers (spreadsheet) would be a great help. Unfortunately the computers are not available at
Urafiki's.
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Cost center system
F.l

Steam/fuel cost center system

The main division of the steam/fuel cost center system can be seen in picture F.1on page 126.
Using a bottorn up approach, cost centers 3391, 3491 and 3691 will be treated first. The three
cost centers are treated as one, since they have exactly the same content. Number 3391 is used.
One level above 3391, 3491 and 3691, 3390 can be found. The value of this center equals zero by
definition. The value of the centers one level below (3391, 3491 and 3691) equal by definition the
value of 3390:
steam use, mill three as a whole
cost center : 3390 total
lower cost centers total
3391
3491
3691
steam use, mill three, one section
cost center : 3391 total
lower cost centers total
3392
steam use, civil works mill three
cost center : 3392, total
steam use
scale
unavoidable
unidentified
engineering total
(factors as charaderistics in figure 9.19 on page 92)
steam traps
insulation
leaks
lower cost centers total
3393
steam use by machines 1 inside mill three
cost center : 3393 total
use by machines as measured
scale
125
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cost center code

2991

Total fuel consumption

I
Total heat supply

2996

2961, 2966

use mill 2

3391, 3491, 3691

use mill1
use mill 3

Figure F.l: Lay out cost centers of steam centers, appendix
unavoidable
unidentified
engineering total
(factors as charaderistics in figure 9.18 on page 90)
steam traps
insulation
inefficient use 2
lower cost centers total
none
steam use, mill one
cost center : 2960total
lower cost centers total
2961
steam supply and return system, mill one
cost center 2961 : total
steam use ( =0)
scale
unavoidable
unidentified
engineering total
(factors as charaderistics in figure 9.16 on page 88)
steam traps
insulation
leaks
lower cost centers : total
2962
steam use by machines inside mill one
cost center : 2962 total
steam use
scale
unavoidable
unidentified
engineering total

F.l. STEAM/FUEL COST CENTER SYSTEM

(factors as characteristics in figure 9.17 on page 89)
insulation
steam traps
lower cost centers : total
none
steam use, mill two
cost center : 2965total
lower cost centers total
2966
steam supply and return system, mill two
cost center 2966 : total
steam use (=0)
scale
unavoidable
unidentified
engineering total
(factors as characteristics in figure 9.16 on page 88)
steam traps
insulation
Ie aks
lower cost centers : total
2967
steam use by machines inside mill one
cost center : 2967 total
steam use
scale
unavoidable
unidentified
engineering total
(factors as characteristics in figure 9.17 on page 89)
insulation
steam traps
lower cost centers : total
none
Total heat supply
cost center : 2996 total
steam use (=0)
scale
unavoidable
unidentified
engineering total
(factors as characteristics in figure 9.11 on page 83)
steam leaks
condensate leaks
steam traps
pressure of flash tank
insulation
lower cost centers : total
3390
2960
2965
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cost centers

cost centers

2981,2982,2983

3681
3081

2981,2981,2983

33 kV lines
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fou~dry I

finish
printing
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weav,two

spin, two

3086

prep, one
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weav, one

prep, two

3186

3481
3381

3286
3281

3186

Figure F.2: Cost center system electricity, appendix
Total fuel consumption
cost center : 2991 : total
steam use ( =0)
scale
unavoidable
unidentified
engineering total
(factors as charaderistics in figure 9.12 on page 84)
blowdown operation
temp exit gas
percentage 02
temperature feedwater
leaks
insulation
(factors as charaderistics in figure 9.15 on page 87)
leaks
insulation
efficiency heat exchanger
(factors as charaderistics in figure 9.13 on page 85)
if condensate is returned
steam traps
leaks
insulation
lower cost centers : total
2996

F .2

Electricity cost center system

Division of cost centers descrihing the electrical infrastructure. Responsibilities as described in
the feedback loops. Top down.
Electrical substation
cost center : 2981 : total

F.2. ELECTRICITY COST CENTER SYSTEM
electricity use ( =0)
scale
unavoidable
unidentified
engineering total
(factors as characteristics in figure 9.20on page 93)
'Tanesco factors 3 '
'transformers'
rnainterrance
load factor
lower cost centers : total
2982
conductors substation to mills
cost center : 2982 : total
electricity use ( =0)
scale
unavoidable
unidentified
engineering total
(factor as characteristic in figure 9.20on page 93)
losses due to impedance of conductors
lower cost centers : total
2983
transfarmers at mills
cost center : 2983 : total
electricity use ( =0)
scale
unavoidable
unidentified
engineering total
(factor as characteristic in figure 9.20on page 93)
'transformers'
rnainterrance
load factor
lower cost centers : tota/
3681
3081
3481
3381
3086
3181
3186
3286
3281
electricity use foundry
cost center : 3681 : total
electricity use !
scale
unavoidable
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unidentified
engineering total
lower cost centers : total
?
none
electricity use spinning section, mill one
cost center : 3081 : total
electricity use !
scale
unavoidable
unidentified
engineering total
(factor as charaderistic in figure 9.2lon page 94)
electrical engines
air-conditioning
lower cost centers : total
none
electricity use spinning section, mill two
cost center : 3086 : total
electricity use !
scale
unavoidable
unidentified
engineering total
(factor as charaderistic in figure 9.2lon page 94)
electrical engines
air-conditioning
lower cost centers : total
none
electricity use weaving section, mill one
cost center : 3281 : total
electricity use !
scale
unavoidable
unidentified
engineering total
(factor as charaderistic in figure 9.2lon page 94)
eledrical engines
lights
lower cost centers : total
none
electricity use weaving section, mill two
cost center : 3286 : total
electricity use !
scale
unavoidable
unidentified

F.2. ELECTRICITY COST CENTER SYSTEM

engineering total
(factor as charaderistic in figure 9.2lon page 94)
electrical engines
lights
lower cost centers : total
none
electricity use preparation section, mill one
cost center : 3181 : total
electricity use !
scale
unavoidable
unidentified
engineering total
(factor as charaderistic in figure 9.21on page 94)
electrical engines
lower cost centers : total
none
electricity use preparation section, mill two
cost center : 3186 : total
electricity use !
scale
unavoidable
unidentified
engineering total
(factor as charaderistic in figure 9.2lon page 94)
electrical engines
lower cost centers : total
none
electricity use printing section
cost center : 3381 : total
electricity use !
scale
unavoidable
unidentified
engineering total
(factor as charaderistic in figure 9.21on page 94)
electrical engines
lights
lower cost centers : total
none

electricity use finishing section
cost center : 3481 : total
electricity use !
scale
unavoidable
unidentified
engineering total
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(factor as charaderistic in figure 9.2lon page 94)
electrical engines
air-conditioning
lower cost centers : total
none

Appendix G

Technica! Appendices
G.l

Load Balancing

Like most production units, boilers operate most efficient when they perform at the capacity for
which they are designed. It is most important for Urafiki, having seven boilers, to realize that the
greatest benefit is gained by optimizing the entire production subsystem of boilers. To establish
this two forms of data are needed : total steam demand and equipment efficiency characteristics.
Steam demand is theoretically a straight forward value, measuring it might he harder. The
efficiency of a boiler should be measured at least four points between half and full capacity.
Efficiency can be measured by collecting the values of excess air and stack temperature for different
loads. The different levels of efficiency can be expressed in a graph for each boiler, plotting
steam load and unit efficiency in one graph, and also plotting Unit input and steam- load in one
graph. These graphs are the charaderistics of the system. We are trying to minimize the unit
input, summed for three boilers at certain steam load. Suppose each of them can be expressed
in a equation : Yc:r = Ac:rX~ + BaXc:r + Cc:r with Y being unit input and X the steam load.
Having determined Ac:r,f3,"'/,Bc:r,f3,"'/,Cc:r,rJ,"'f and given that L:~~~ X= Xtot 1 , with Xtot being the
total demanded steam load, we can determine Ytot,minimum and the corresponding Yc:r,/3,"'1· The
difference with the current situation can then be calculated by camparing the two heat inputs.
Policy factors that can negatively influence efficiency : maintaining a high ratio oftotal capacity in
service to actual steam demand, keeping base-loading boilers at full capacity, using high pressure
boilers for low pressure demands.

G.2

Enthalpy method

Total heat demand can quite easily he translated into financial terms. To do this it is necessary
to link the fuel consumption and the steam production. Steam should be valued by its enthalpy
2
• Todetermine the value of steam according to the enthalpy method, the following steps need to
be taken:
1. Determine (tables) the enthalpy of steam at the pressure in the pipes going to the mills;

2. Determine the temperature of the feedwater;
3. Determine the enthalpy of the feedwater;
4. The heat added equals step 1 minus step 3 (per unit)
5. Determine boiler efficiency under the circumstances (if not know: sixty %)
1

for n boilers
The enthalpy method does not take into account the energy stored in pressure effects. For heating purposes
such as the majority of applications at Urafiki the much simpler enthalpy method is quite sufficient.
2
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Figure G.1: Heat station feedback loop
6. Energy needed from furnace oil equals step 4 divided by step 5
7. Determine the price per unit energy content of the fuel
8. Money value of the steam is step six multiplied by step seven.
content. Total enthalpy produced over a month should be linked to the total fuel consumption,
which is easily translated into money. By doing this an indication of the financial value of energy
(produced by the boiler steam system) is obtained.
Total heatjsteam demand is, along with the directly related oil consumption, the main cost center
in the boiler/steam system. The main cost center will be 'Fuel use'. This cost center can than be
divided into fuel to boiler and waste. Fuel to boiler can be divided into steam generated, waste and
efficiency losses. Steam generated can be divided into steam delivered to heat house and waste.

G.3

lnvestments

One of the choices made in this report was to try not invest in energy saving equipment. This
principle cannot be foliowed entirely. Certain small investments are necessary to improve energy
efficiency. The reason no calculations on, for instance, pay-back time are given is that almost no
equipment was available to determine the values that are necessary to use pay-back time calculations. The benefits can simply not be determined. Estimations can be made by the engineers
themselves, or not at all, since equipment is necessary. Therefore no economie criteria were included in the feedback system. To show how this can be clone, the following example is given:
(Figure G.l} The heat station needs insulation. Especially the heat box. Finance determines
that the pay-back time needs to be less than one year. The following must be clone: add 'pay-back
time investments' to the process characteristics, set as a goal for the cost accountant 'pay-back
time less than 1 year. This way the MO processing knows if an investment as economically sound.
The money needed for the investment needs to be given by finance, who must demand a investment
proposal.

G.4

The boilers

The optimum level of excess air is (according to Turner [3]) 10-15 %. This equals 2-3% Oxygen
volume. The costs can be determined with the help of figure G .2.

04. THE BOILERS
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Figure G.2: Fuel oil annual savings
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Leak diameter (inch)

Steam wasted per month

cost per month

Cost per year

1/16
1/8
1/4
1/2

13,300
52200
209000
833000

40
156
626
2500

480
1890
7800
30000

Table G.1: Illumination levels
The costs of exit gas temperature can be determined with the help of figure G.3. Together
with the capacity data of the boilers and standard thermodynamics (graphs), this is sufficient.

G.5

The flash tanks

Flash tanks.

The flash tanks which form a part of the return condensate systems throughout the mill can be
significant factors in energy wastage. As can be seen in figure G.4. the determining factors are
the pressure of the steam and the pressure of the flash tank itself. The percentage converted to
flash steam is lost for the return system, including its energy. The flash steam at Urafiki is vented
to the open air, not recovered.

G.6

Steam traps

The 3 basic function of a steam trap is to allow condensate formed in the heating process to be
drained from the equipment. This must be clone speedily to prevent backup of condensate in the
system. If the trap does not function well, two effects occur.
1. If condensate is allowed to back up in the steam chamber, it cools below the steam temperature as it gives up sensible heat to the process and reduces the effective potential for heat
transfer. Condensate (liquid) is a less effective heat transfer medium.
2. Water hammer. Water hammer occurs when slugs of liquid become trapped betweensteam
packets in a line. The steam, which has a much larger specific volume, can accelerate these
slugs to high velocity, and when they impact on a obstruction, such as a valve or an elbow,
they produce an impact force not unlike hitting the element with a hammer.
Another function of a steam trap is to facilitate the removal of air from the steam space. Air
mixed with steam occupies the same volume as steam alone, but carries less energy per volume.
Air should be removed from the steam system.
S team traps are usually designed to fail in a open position. The costs of having steam traps
stuck in the open position equals the waste that is produced by a leak / hole of the same size as
the steam trap orifice (opening). The losses are proportional to the square root of the pressure.
An example of values can be found in table G .1 from [3] 4 , 5 , footnote8 hours a day, 5 days a week.

G.7

Leaks

Losses due to Surfaces and Leakage losses.

Energy carried by steam can be lost by surfaces, leaks, steam traps and other malfunctioning
elements or constructions. Steam traps and leaks will be treated in the same way. The loss of
3 All

is taken from 'Energy management by Wayne Turner.
dollar per 1000 lb. Steam. Proportional
5 Based on lOOpsig differential pressure across the orifice
43
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Figure G.3: Annual savings from reduced stack temperature
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Fig. 5.3 No. 6 fuel oil annual savings from reduced excess-air operation.
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Figure G.4: Percent of Mass converted to flash steam insteam tank

Tab Ie 6.16 Percent of Mass Converled to Flash Steam in a Fluh Tmk

Sleam
Pressure
(psig)
5
10
15
20
30
40
60
80

100
125
160

200
250
300
350
400

Aash Tank Pressure (psig)
0
1.7
2.9
4.0
4.9
6.5
7.8
10.0
11.7
13.3
14.8
16.8
18.6
20.6
22.7
24.0
25.3

2
1.0
2.2
3.2

4.2
5.8
7.1
9.3
11.1
12.6
14.2
16.2
18.0
20.0
21.8
23.3
24.7

5
0
1.4
2.4
3.4
5.0
6.4
8.6
10.3
11.8
13.4
15.4
17.3
19.3
21.1
22.6
24.0

10

15

20

30

0
1.1
2.6
4.0
6.3
8.1
9.7
11.3
13.2
15.2
17.2
19.0
20.5
22.0

0
1.7
3.1
5.4
7.1
8.8
10.3
12.4
14.3
16.3
18.2
19.8
21.1

0
1.3
3.6
5.5
7.0
8.6
10.6
12.8
14.7
16.7
18.3
19.7

40

60

80

100

0
1.9
3.5
5.2
7.4
9.3
11.2
13.4
15.1
16.5

0
1.7
3.4
5.6
7.5
9.8
11.8
13.5
15.0

0
1.8
4.0
5.9
8.2
10.1
11.9
13.4

0
1.1

2.1
3.8
5.1
7.3
9.0
10.6
12.2
14.1
16.1
18.1
19.9
21.6
22.9

0
2.2
4.0

5.7
7.4
9.5
11.5
13.6
15.4
17.2
18.5
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Type of space
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Guideline illuminance Range

(footcandles)
Industrial interiors

manufacturing areas
ordinary tasks
difficult tasks
highly difficult tasks
very difficult tasks
most difficult tasks

50-1000
50
100
200
300-500
500 -1000

Exterior

1-5
5-30
1-5

building security
Floodlighting
parking

Table G.2: Illumination levels
steam traps usually occurs because of steam traps that blow through. This means that there is
a hole to the open air trough which steam escapes. The losses that occur due to insufficiently
insulated steam pipes can be calculated in with standard heat transfer calculations, or by graphs
that are ready to use.
T he heat loss from steam leaks can be determined from table G.5 on page 140. The unit
BTU can be translated into money via the value of steam determined via the enthalpy method.
T he heat loss due to (insufficient) insulation can be determined with the help of figure G.6
on page 141.

G.B

Lighting

For illumination levels the ranges

G.9

6

as displayed in table G.8 (taken from [3]) should be used.

Electricity hili factors

Applicable 7 to Urafiki: Tariff group no. 5 or 5a.
Tariff no. 5
Applicable for general use where power is metered at 11 kV and above.
• Demand charge: Tsh 1765 per KVA of Billing Demand (BD)

8

period.

• Units charge:
- first 150 times BD {KVA) units : Tsh 29.20 per kWh
- next 150 times BD (KVA) units : Tsh 24.00 per kWh
- next 150 times BD {KVA) units : Tsh 21.50 per kWh
6

1 footcandle equals 10.76 Lux
Source: Urafiki document, sent by Tanesco. Rates for 1994. Factors have not changed. Factors the only objects
of interest because of rapid tariff changes
8 Billing Demand (BD) is the higher of the KVA Maximum Demand (MD) during the month and 75 percent of
the highest KVA maximum demand for the preceding 11 months; provided that during the first year of operation
the Billing demand shall be the higher of the KVA maximum Demand during the month, and 75 percent of the
highest KVA Maximum Demand recorded commencing from the month the consumer is connected. (text copied)
7
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Figure G .5: Heat loss from steam Ie aks

Hole size (in.)

Fig. 6.4 Heat loss from steam leaks.
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G.9. ELECTRICITY BILL FACTORS

Figure G.6: Heat losses from surfaces at elevated temperatures

A-plain and coated fabrics,
dull metals, unjacketed

-.
.c

8-bright stainless steel

Ditterenee between
outside surface temperature
and embient air temperature, AT1

Fig. 6.3 Heat losses from surfaces at elevated
temperatures.
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- remainder of units : Tsh 16.00 per kWh
• Customer services charge : per meter reading period : Tsh 35000 per meter.

Tariff no. 5a
Applicable to high tension eensurners whose demand is above 5000 KVA and consumption above
800 000 KWH per meter reading period.
• Demand charge: Tsh 1615 per KVA of Billing Demand (BD) period.
• Units charge:
- first 150 times BD (KVA) units : Tsh 26.10 per kWh
- next 150 times BD (KVA) units : Tsh 24.50 per kWh
- next 150 times BD (KVA) units : Tsh 21.50 per kWh
- remainder of units : Tsh 16.00 per kWh
• Customer services charge : per meter reading period : Tsh 60000 per meter.

