
24 
Project Management Techniques Applied to 
Industrial Manufacturing 
A. Rolstadas 
Professor 
University of Trondheim 
Department of Production and Quality Engineering 
N-7034 Trondheim, Norway 
Phone: +47-73593785, Fax: +47-73597117, E-mail: arolst@protek.unit.no 

Abstract 
There are two types of planning tools: process oriented and project oriented. The project 
oriented tools are becoming widely applied, not only for one of a kind production, but also 
in batch and continuous manufacturing. To discuss project management, a project model must 
be defined. The project control baseline comprises a work breakdown structure, a schedule and 
a cost estimate. Planning techniques for each of these are discussed. Project control can be 
done according to six different principles: earned value, productivity development, resource 
availability, physical completion, tendency development and forecasting. These principles are 
discussed. 
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1 PROJECT ORIENTED WORK 

Industrial production started based on projects. Each house constructed, each bridge erected, 
each automobile manufactured, etc. was tailored to the customer and performed as a one of 
a kind task. Henry Ford with his assembly line and mass production technology changed this. 
Products and parts were made in batches or even continuously. 

The project approach to production may therefore be regarded as the original one. It 
is still the dominating one in most construction business and in research and development. It 
is gradually also penetrating into the manufacturing industry. In many ways project oriented 
work seems to be the future way of production. This paper shall therefore cover some of the 
most used techniques for planning and controlling projects. This will be referred to this as 
project Management. 

Actually there exist two types of planning tools: 
• Process oriented 
• Project oriented. 
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The process oriented tools cover flow oriented (continuous), and batch oriented 
(periodic) production. The project oriented tools cover one of a kind production. As 
mentioned, the project oriented tools are gradually taking over for the classical process 
oriented tools. 

Almost any individual in industry or business has in some context experienced project 
work. Roughly projects can be classified in two categories: 
• Internal development projects 
• Project production. 

Internal development projects may cover any internal activity of an enterprise. Examples 
include development of a new product, implementation of new technology, construction of a 
new plant, study of productivity improvement, etc. Many of these projects are relatively small 
projects, and they may be executed by internal resources, external vendors or consultants or 
any mix of these two extremes. 

Project production includes the situation where the company's end product to the 
customer is a project. An engineering company is typically an enterprise "selling" projects. 
The same is true for a shipyard. Another example is a research institute. 

There are some important characteristics of a project which may help explain why 
projects will be the future mechanism of managing production: 
• Projects are goal-oriented and thus help to keep focus on what is relevant. 
• Projects are one of a kind and thus prevents the establishment of procedures, systems or 

habits that may be unnecessary 
• Projects are by nature multidisciplinary and in this way promotes communication across the 

organization of the enterprise. 

In addition to this, there are a number of well developed techniques and systems available on 
the market that can effectively help the planning and controlling of a project. 

2 THE PROJECT MODEL 

For further discussion of project management techniques on a general basis it is necessary to 
establish or define a project model. In this context a project model will distinguish between 
owner and contractor. The owner is the ultimate customer or user of the project results. The 
owner will define the work to be carried out by the contractor and will give all necessary 
frame conditions for it. Contractor is the party physically carrying out the work. 

The project management techniques will at large be the same for both the owner and 
the contractor role, but they will of course be applied at different levels. The detailed plan 
of the owner will actually represent the top level plan of the contractor. Throughout this text, 
everything is viewed from the contractor's point of view. 

The project model will further assume that some task is to be accomplished. This task 
may be the delivery of a product, providing of services or construction work, development of 
technical specifications, research, etc. The task involved may be of two types: 
• Engineering 
• Production. 
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Engineering includes all technical documentation. Production includes fabrication, assembly 
and commissioning. In this way the manufacturing of an enterprise can be regarded as 
consisting of three basic processes as indicated in figure 1. Engineering and production are the 
processes already discussed. Actually the principal difference between them is the type of 
flow. In engineering, the flow represents documents or technical information. In production, 
the flow represents materials. The third process represent the internal planning and control 
(management). This process controls the other two. The flow here represents information. 
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Figure 1 Basic manufacturing processes. 

The two types of tasks involved can be regarded as a number of contracts to be accomplished. 
That is, the project comprises a number of contracts organized in a hierarchy. To carry out 
the work of the contracts will require resources, such as: 
• Internal resources 
• Contractors. 

For the contractors it is convenient to distinguish between: 
• Consultants 
• Fabricators 
• Suppliers 

Consultants provide engineering and management services. Fabricators produce the physical 
installations. Suppliers delivers goods and services to be used in engineering or production. 

Finally it is assumed that the project is executed by a dedicated organization. This 
may either be a task or a matrix organization. 

In summary, the project model assumes that the project contains engineering and/or 
production and that it is comprised by a number of contracts, each carried out by a contractor 
that may be a consultant, a fabricator, a supplier, or carried out by internal resources. The 
project is executed by a project organization. 
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3 THE PROJECT DEFINITION 

There exist many definitions of a project. Some prefer a vague definition such as "something 
with an ultimate goal". In this text a more precise definition will be used: 

"A project is a one of kind task with a clearly defined goal to be reached within a 
given time and cost frame." 

This definition direct! y highlights the three main control variables of a project: 
• Scope of work 
• Time 
• Cost. 

A plan for these variables is referred to as the project control baseline. 
Project management was defined as planning and control of projects. Planning 

includes: 
• Define objectives 
• Prepare plan 
• Order work. 

Control will in this respect include: 
• Monitor performance 
• Take corrective actions. 

In other words: Planning means establishing the project control baseline, while control means 
monitoring performance by comparing actual achievements against the control baseline and 
also taking necessary corrective actions. 

4 STRUCTURING THE SCOPE OF WORK 

Structuring the project scope of work involves establishing one of more hierarchical structures 
of the work, usually obtained by a top-down approach. Usually there are three different ways 
to structure the scope of work: 
• Technical 
• Organizational 
• Economical. 

This means that it is not only the physical tasks to be accomplished that are structured, but 
also the project's organization involved as well as the costs associated with accomplishing the 
tasks. Technical structuring means breaking the project down into managerial work 
assignments. Organizational structuring means breaking the project organization down into 
departments, groups, etc. to which work can be assigned. Economical structuring means 
breaking the total cost down in items suitable for exercising economical control. 

The basic methodology for structuring projects, stems from the US Department of 
Defence cost/schedule control system criteria from the late 1960ies. This basically operates 
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with a two dimensional structure: 
WBS -Work Breakdown Structure 
OBS - Organization Breakdown Structure. 

These correspond to the earlier mentioned technical and organizational breakdown. 
A Worit Breakdown Structure (WBS) is a hierarchical breakdown of physical units 

(products/parts) and tasks (work activities and services) that are necessary to complete the 
project. A WBS is therefore an end-item oriented tree showing the sub-division of the project, 
products, deliverables, or items to be built, work tasks and services required to complete the 
project. It is very similar to a traditional bill of materials used in production planning. 
However, whereas the bill of materials always shows physical units of the product, the WBS 
may also include activities, services, etc. Few guidelines and almost no theory exist on how 
to do a WBS. This is in contrast to the impact the design of the WBS may have on success 
or failure of the project. 

The Organization Breakdown Structure (OBS) is constructed in a similar way as the 
WBS. It shows the internal organization of the project. Level 1 represents the total 
organization. Level 2 represents the breakdown on the first division of the main 
organizational elements, etc. 

The WBS breaks the project down until its elements at the lowest level are identified, 
and they are in turn divided into work assignments for individual groups. The OBS breaks 
the organization of the project down until the individual functional groups are identified. The 
contribution of each of these groups to the project is then made up of work assignments on 
the individual lowest level WBS elements. Thus the work assignments of individual groups 
on the lowest level WBS elements are common to both the work and organization breakdown 
structures and represents the foundation blocks of both structures. This two-dimensional 
structure is illustrated in figure 2. 

The intersection between the two structures represents a work element with the 
following characteristics: 
• A single person is responsible for it 
• A formal specification of the work involved 
• Its own estimates 
• Its own plans for work schedule, resources and expenditure reports 
• Its own analysis and reports. 

Such an element is referred to as a cost account. This terminology is in line with the US 
Department of Defence's specification and its now being applied in many of the available 
software packages for project management. However, the term does not fully indicate the 
significance of the work element since it focuses too much on cost. 

A cost account will include a scope of work and will identify the organizational unit 
responsible. By aggregation it is possible to obtain cost and performance at all levels of WBS 
and also per organizational unit at all levels of the OBS. 

The cost account can be further split into work assignments. Each such assignments 
is denoted a worit package (WP). A work package will represent a discrete task, activity, job 
or material item. In the majority of the cases it is represented by an activity used in planning. 
It will typically have a defined start and finish, an end product or goal of some kind, a 
relatively short duration and it will be the responsibility of a single organizational entity. 
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Figure 2 Integration of OBS and WBS into Cost Accounts. 

In figure 3 it is shown how each cost account is split into work packages. For each work 
package the following data are planned: 
• Cost 
• Time 
• Resources. 

These are the crucial planning data. A common practice is to assemble these data on a form 
also including a description of the scope of work. Such a form is called a CTR-sheet and 
include all the data for that WP in the project control baseline. The collection of CTR-sheet 
are referred to as a CTR-catalogue and this contains the complete project control baseline. 

In figure 3 the scope of work represented by work packages is shown and it is 
indicated a schedule and a cost estimate for each work package. For the cost estimate a new 
break-down structure is introduced: Cost Breakdown Structure (CBS). The CBS is usually a 
hierarchical breakdown of the resources involved. It is also referred to as code of account. 
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Figure 3 Project control baseline. 
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COST ESTIMATE (MCE) 

Scheduling of projects is usually different from scheduling of batch production. The main 
difference is that projects usually requires that precedence relationship between activities are 
more important and therefore network type of techniques have to be applied. Of course, the 
most used scheduling techniques is the bar chart or the Gantt-chart. No diagram has ever 
conquered this in ability to consider dependant activities. Dependency is well handled by 
networks. The output of a network, may however be communicated by a Gantt-chart. 
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Figure 4 shows an example of a Gantt-chart. The duration of each activity is 
indicated by the length of the bar. Milestones are indicated by triangles. Such a Gantt-chart 
can be extended by linking the activities dependent on each other. It can also be used to 
monitor progress. A second bar can show progress. A vertical line indicating current date, 
can be used to compare if activities are on, ahead of or behind schedule. 

ACTIVITY 1995 1996 1997 1998 

ENGINEERING 

GBS FABRICATION 

MODULE FABRICATION 

DECK FABRICATION 

MATING 'L ~ 
HOOK-UP 

TOWTOAELD ~ 
COMMISSIONING 

Figure 4 Example of a Gantt-chart with milestones. 

The classical network approach comprise two techniques: 
CPM - Critical Path Method 
PERT - Program Evaluation and Review Technique. 

CPM work with deterministic estimates of activity duration whilst PERT is capable of 
handling stochastic activity duration. 

The purpose of a network planning is: 
• To determine the project duration 
• To determine which activities that influence project duration. 

Calculation is done in two steps: a forward and a backward one adding and subtracting 
duration respectively. In this way the following data for each activity is fixed: 
ES - Early Start 
EF - Early Finish 
LS - Late Start 
LF - Late Finish. 

In addition float is determined. Float is the flexibility we have to move an activity in time 
without affecting the project duration. Activities with zero float are critical. A chain of critical 
activities from start to finish represent a critical path. 



Project management techniques applied to industrial manufacturing 233 

Activity duration is usually estimated using the trapezoidal method. This assumes that 
the level of resource consumption follows a trapezoid as depicted in figure 5. The area of the 
trapezoid corresponds to the scope of work. If the build up and run down periods are known 
the total activity duration can be expressed as: 

T= S +!(t -t,) 
c · Bmu: 2 o 

where: 
S - Scope of work 
c - Effective manhours per time unit and per work position 
Bmax - Maximum manpower 
t, - Build up period 
t, - Run down period. 

AREA • lOTAL SCOPE 

TOP LOAD PERIOD 

Figure 5 Example of a load profile. 

The classical approach to network scheduling has later been extended to cover other types of 
problems. The most important extensions are: 
• Overlapping activities 
• Time/cost tradeoff 
• Resource allocation. 

Overlapping activities are possible by precedence networks. Such networks allow any 
combination of the four basic types of precedence relationships shown in Figure 6. The 
variable x indicates the overlap or time phasing involved. Such networks are useful since they 
allow a more realistic planning. 
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Figure 6 Activity dependence in a precedence network. 

Time/cost tradeoff is based on the existence of a mathematical relationship between the cost 
of an activity and its duration. By associating a cost proportional to the total project time, an 
optimal solution to the duration of each activity may be found. The problem is combinatorial 
by nature, and heuristic techniques will have to be applied to obtain a practical solution. 

Resource allocation is also a combinatorial problem and likewise calls for heuristic. 
The quality of many software packages for project planning, differs with the respect to the 
quality of the resource allocation algorithm applied. Two types of problems are usually 
considered: 
• Resource smoothing 
• Resource allocation. 

The two main variables in such a resource problem are the level of available resources and 
the project time. Only one of these parameters may be kept fixed. 

In the resource smoothing problem the project duration is fixed and the resource level 
is kept as low as possible. In the resource allocation problem, the resource level is given and 
the project duration is minimized. 

In both cases the flexibility in planning is first of all in utilizing the available float in 
the network. 
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6 COST ESTIMATING 

The main overall purpose of a cost estimate is to serve as the basis for cost control, i.e. to 
control that the amount of resources used is kept within the limit anticipated in project 
evaluation. The economics of a project is based on some assumption of total costs. Any 
serious deviation from this may affect the total project economics, and may turn a profitable 
project into a non-profitable one. It is a very important task for project management to control 
this situation. 

Experience shows that when a cost estimate is set up, not all costs are identified. 
Therefore, any cost estimate will include a contingency to serve as a provision for those 
unidentified costs that are likely to occur. However, contingency does not include variations 
not likely to occur. Real life has shown that such changes do occur, and a different type of 
provision is therefore in addition necessary. This type of provision is called a project reserve. 

The calculation of a project contingency is a matter of great concern. A theory has 
been developed based on the assumption that the estimate provided by an estimator is the most 
likely value. For control purposes, however, a fair estimate should have equal chances of 
overrun and underrun. In statistical terms this means the median. In this context the median 

I CONilNGENCY 

BASE VALUE 
(MOSTLJ<ELYVAW~ 

Figure 7 Base estimate and contingency. 

PROJECT COST 

For estimating two principally different methods apply: 
• Synthetic methods 
• Analytical methods. 

can be approximated by the 
expected value which is more 
convenient to compute. 
Assuming that the estimated 
costs follows a skewed 
distribution as depicted in 
Figure 7, the contingency can 
be defined as the amount that 
must be added to the base 
estimate to obtain a 50/50 
probability. The base estimate 
is then defined as the most 
likely value provided by the 
estimator based on the 
existing drawings. 

The synthetic methods are applied in early stages and can with limited accuracy be applied 
to obtain a quick rough estimate. The basis is known cost of some similar facilities. The 
estimate is computed by applying scale factors and price indexes to this cost. 

There are two types of synthetic techniques: 
• Relational estimating 
• Factor estimating. 
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The relational estimating is based on a previous similar project with a known cost. The 
assumption is that the new project will have the same cost. However, corrections are made to 
compensate for: 
• Difference in capacity 
• Different location 
• Different time. 

Factor estimating is based on the assumption that the relative share of various cost categories 
are invariant. Estimating one category, then gives the total cost split on the categories if the 
shares are known. The first to discover this was the chemist H.J. Lang. He estimated the 
equipment costs and developed the following formula: 

C = E • F 

where C is the total costs, E the estimated equipment cost and F a factor (Lang-factor) 
defining the cost share of the equipment. For chemical plants F is approximately 3,6. The 
accuracy of factor estimating can be enhanced by splitting on several categories and 
considering only battery limits. 

The analytical methods require more work as they are based on some breakdown of 
the total costs. This, however, requires some engineering to be done. The cost is estimated 
for each item in the WBS, and a total is summed up. The estimate is usually based on some 
computation of bill of quantities applying units rates and price and productivity indexes. 
Figure 8 illustrates the estimating process by an estimating chain. 

TONS X X X PRODUCTMTY X PRICE INDEX • 

Figure 8 Example of estimating chain for labour cost. 

7 PROJECT CONTROL PRINCIPLES 

Project control shall secure that plans are followed with respect to scope of work, time and 
cost. In the succeeding some of the main principles applied in project control will be described 
and briefly discussed. These principles can be applied to control of work volume and to a 
certain extent to control of time. Control of volume, control of time and control of costs are 
the three different types of control applied. Control of costs is not discussed in this text. Here 
the main focus is on control of volume. 
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The main project control principles fall into six categories: 
• Earned value 
• Productivity development 
• Resource availability 
• Physical completition 
• Tendency development 
• Forecasting 

The principle of earned value involves a measurement of what has physically been completed. 
This is compared to the planned value. Thus a real measure in volume of work of how far 
we have progresses compared to the plan is obtained. There are two options, either to 
measure manhours (earned hours) or costs (earned value). 

Figure 9 shows an example. The solid curve (ECWS) represents the planned manhours 
(cumulative). The dashed curve (ECWP) shows the earned manhours. At the time of 
reporting (t), the difference between ECWS and ECWP represents a delay in volume of work, 
i. e. the number of manhours not completed according to the plan. 

VOLUME 
(MHa) 

ECWS- Eatlmatad Coat of Work Scheduled 
ECWP- Eatlmatad Coat of Work Performed 

Figure 9 Progress Control of work volume. 

TIME 

The second control principle is to study productivity development. Productivity in this respect 
is defined as the ratio between planned and actual resource consumption. Productivity is 
therefore a measure of how close to the plan the real progress is. 

Figure 10 shows a progress diagram based on costs. It shows the estimated costs of 
work scheduled and earned value (estimated costs of work performed). (In addition the actual 
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cost of work performed is shown). The productivity is the ratio between the curves ECWP 
and ACWP. At the time t, the total cost deviation is the difference between ACWP and 
ECWP. This is the sum of a budget deviation (ACWP - ECWS) and a volume deviation 
(ECWS - ECWP). 

A full project control must be based on three curves shown in Figure 10. However, 
this is seldom the case in practice. Many companies only consider the ACWP and ECWS 
curves, i.e. they focus only on the budget deviation. 
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ECWS • Elllmal8d Coat or Work Scheduled 
ECWP- Eltimll8d Coat or Work Parformed 
ACWP- Actual Coet of WO!k Performed 

Figure 10 Example of a progress control diagram. 

A poor productivity may be due to the fact that the work requires more resources then what 
was anticipated. The reason for a deviation in volume may be due to insufficient availability 
of resources. It is therefore important to monitor the resource availability. This is the third 
principle, and it is usually done by a histogram showing actual versus planned cumulative 
manning. 

The progress diagram used so far gives no information on schedule progress. The best 
way to do this is by comparing with milestones. This is called monitoring the physical 
completition, and this represents the fourth control principle. 

Most companies look to cumulative or aggregate figures when controlling a project. 
However, the first derivative, i.e. the tendency, gives better information. It opens a possibility 
for the management to react on a deviation at a much earlier stage. Tendency development 
is the fifth principle. 

These tendencies may also be used to forecast where the project will end with respect 
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to cost and schedule. This type of information is usually very valuable since it increases the 
awareness of reaching the project goal. Forecasting is the sixth and last principle. This is 
illustrated in figure 11 where expected delay and cost overrun at project completition are 
shown. The forecasted scope of work or cost is usually done by assuming that the 
productivity will remain the same for the rest of the project as up to the time of reporting (t). 
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Figure 11 Progress control diagram with forecast to complete. 
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