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Executive Summary 
 

MKDesigns is a Mechanical Engineering and Project Management firm. Initially three skid-mounted 

pump assemblies are being built for a copper mine, Konnoco Zambia Limited. Thirty nine skid-

mounted pump assemblies are anticipated to be built in the future. The sandblasting and spray 

painting of parts and final assemblies are costly and time consuming. The quality thereof is also 

highly specified. 

A trade-off study was conducted to make the best decision regarding the make-or-buy (In-house or 

Outsourcing) of the sandblasting and spray painting of the parts, because of the potential to 

significantly reduce design risk, engineering changes, cycle time and specifically production-, 

transportation- and mark-up costs. 

The trade-off study was performed using the Analytic Hierarchy Process (AHP), a cost analysis and 

risk analysis. A consistency study was performed to ensure that the data used, analyzed and given in 

results are a trustworthy source for making decisions. 

Quality cannot be compromised for any amount of cost savings or schedule adjustments. To ensure 

a quality product is supplied, whether outsourcing or in-house painting process is followed, a 

painting Quality Control Plan (QCP) was developed. 

 

 

 

 

 

 

 

 

 

Although the data and methods used in this study may recommend a specific solution or conclusion, the student is in no way responsible for 

any losses or damages to anyone or their companies or any goods or materials affected by this study. 
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Chapter 1 

Background 
 

MKDesigns is a Mechanical Engineering and Project Management firm situated in Pretoria West. The 

engineers appointed by the firm are registered with the Engineering Council of South Africa. No 

Industrial Engineers  are appointed by the firm, although major projects with large project teams are 

constantly being taken on. 

 A new project has been undertaken to initially build three skid-mounted pump assemblies for 

Konnoco Zambia Limited, a copper mine located in Chillilabombwe in the Northern Copperbelt 

Province of Zambia. Ultimately, thirty nine skid-mounted pump assemblies may be built in future. 

The success of the project for building the first three are thus of vital importance. 

The mine, partially owned by South Africa's - African Rainbow Minerals (ARM) and Brazilian mining 

specialist - Vale, is currently being developed. The skids consist of a steel frame on which a pump, a 

motor, a steel sump, pipes and accessories are mounted. MKDesigns are to manufacture the 

complete assembly. Safe manufacture, assembly and transportation of the final products is the top 

priority of the project. 

 

Figure 1: A skid built by MKDesigns for the Konnoco Zambia Limited. 

On the mine when holes are drilled for blasting, water is required to keep the drill cool. This water 

then needs to be extracted. This pump unit can remove the water and can also be moved around as 

the mine develops. The water, after being pumped into the sump, can also be transferred to other 

required surfaces.   
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Chapter 2 

Introduction 
 

Several mechanical and electrical engineers are part of this project, as well as welders, assemblers 

and general workshop workers.  MKDesigns has been operating in such a way that the engineer 

working on the project was responsible for both the project management and quality assurance 

tasks. 

The sandblasting and spray painting of the parts and final assembly according to the standard 

specification for corrosion protection of structural steelwork, platework and mechanical equipment 

makes up a very large part of the budget and is a critical decision making issue. This blasting and 

painting process should be analyzed by using applicable Project Management and Industrial 

Engineering tools. 

Project Aim 
The aim of the project is to use standard Industrial Engineering methods, tools and techniques for 

MKDesigns and to use them were applicable to this specific project. These methods should enable 

MKDesigns to perform objective decision making, trade-off studies and project management. The 

methods should however make room for some subjective insight. 

The methods should be applied as part of the project's life cycle, so that problems and difficult 

decisions can be made without jeopardizing the success of the project.. Applicable Project 

Management and Industrial Engineering tools should form part of their business strategy and project 

plans. To manage the quality assurance will prove to be a major part of the project, because of the 

many standards to be met in each project. 

The sandblasting and spray painting of the parts and final assembly takes up a large part of the 

project budget and schedule. The quality thereof is also highly specified.  

The Industrial Engineering methods, tools and techniques will be applied to execute a trade off study 

to make the best decision regarding the make-or-buy of the sandblasting and spray painting of the 

parts. The aim of the project is to recommend a solution out of the identified alternatives and supply 

the involved costs and risks. 
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Project Scope 
The sandblasting and spray painting of the parts and final assembly is a costly part of the 

manufacturing process. It makes up a very large part of the project budget. The options to perform 

the process in-house or outsource is a critical decision making issue and will be analyzed by 

considering costs, risks, quality, labour and the schedule. 

A thorough trade-off study will be completed to recommend either the outsourcing or to build a 

paint shop which meets all the standards and perform the paint jobs in-house. A cost and risk 

analysis will be performed to ensure the lowest cost, so as to stay within the budget, but also to 

remain on schedule and minimize the risk of non-compliance to the set standards. 

a) The cost analysis includes a break-even graph which shows after what amount of skids the 
in-house production's initial investments will break even.  

b) The risk analysis identifies the possible risks, consequences and measures to be taken to 
prevent or at least minimize the probability of occurrence. 

c) Some of the quality assurance standards regarding the Corrosion Protection, which includes 
the sand blasting and spray painting of all material, are to ensure the correct: 
 

 Material traceability 
 Ambient conditions 
 Surface preparation 
 Application of primer coat within ‘window’ time period 
 Mixing 
 Over-coating times 
 Film thickness 
 Witness and secure points 

 

The Quality Assurance Standards are discussed as the second part of this project and the results will 

be presented in a user friendly manner. 

ARM has strict minimum requirements in the form of Quality Assurance Procedures to which all 

suppliers and Project Management Organisations (PMO's) must comply. The following is the main 

quality assurance procedures to be executed and requirements to be adhered to by MKDesigns: 

 Quality Management System 
 Project Quality Plan (PQP) 
 Quality Control Plans (QCPs) 
 Document Requirements 
 Resource Management 
 Measurement 
 Analysis 
 Improvement and Risk Analysis. 

The QCP applicable to this project is the Painting QCP and is discussed in Chapter 5. 
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Chapter 3 

Literature Study 

Decision Making 
It is necessary for humans in their daily lives to make decisions. Management need to make 

decisions which will greatly affect the success of projects. To perform these decisions while staying 

objective, instead of making subjective decisions which may not include the demands of all 

stakeholders, is difficult.  

The importance of performing and documenting decision making and trade-off studies correctly 

cannot be over-emphasized. In the Mid-Atlantic Regional Conference held by International Council 

on Systems Engineering (INCOSE) on November 2-4 of 2004, the topic of "Standard Approach to 

Trade Studies: A Process Improvement Model that Enables Systems Engineers to Provide Information 

to the Project Manager by Going Beyond the Summary Matrix" was discussed. During the discussion 

of the standard approach to trade-off studies, the following detailed aspects were included:  

 "The steps for performing and documenting a trade study (trade-off study),  
 developing products for the Decision-Making Authority (DMA),  
 guidelines in tailoring the study to meet the needs of the program." (Felix 2004) 

 

Trade-off studies are widely used to make decisions, but a systematic approach should be taken to 

ensure the objectiveness of the study as far as possible. 

Decisions are typically categorized into: 

 Mutually exclusive decisions like the allocation of resources to competing projects,  
 The generation of schedules and plans,  
 Negotiating with other parties to reach an agreement or finally  
 The choosing amongst alternatives. 

 
When choosing among some alternatives, the analysis can be performed in a sequential or 

simultaneous matter. This simultaneous view of the alternatives and criteria supports the decision 

making model called the trade-off study. 

A simple decision making tool can be used to keep an organized and objective trade-off study on 

track. The ProACT model is an example of such a basic decision making model available. 



Trade-Off: Outsourcing or In-House Painting? 2011 

 

  
Page 11 of 63 

 
  

PrOACT 

A basic decision making model called PrOACT is also an acronym of the five core elements of the 

decision model: Problem, Objectives, Alternatives, Consequences and Tradeoffs. (Hammond, Keeney 

and Raiffa 2002) The model also considers three more elements: Uncertainty, Risk Tolerance and 

Linked Decisions. These eight elements are used in a systematic approach to help make better 

decisions and will be considered and incorporated in the trade-off study. 

Capability Maturity Model® Integration (CMMI®) and Decision Analysis and Resolution 

(DAR) 

Trade-off studies is a technique which is categorized in the Decision Analysis and Resolution (DAR) 

process area. This process area is described in CMMI® (Capability Maturity Model® Integration) 

models, which is a compilation of the best practices from diverse engineering companies. DAR is one 

of the twenty two process areas described by the CMMI® Model Foundation. (Carnegie Mellon 

University 2011) 

The purpose of Decision Analysis and Resolution (DAR) is to analyze decisions using a formal 

structured evaluation process which evaluates the identified alternatives against the established 

criteria. The DAR process consists of the following basic steps: 

a) Establishing the criteria for evaluating alternatives 
b) Identifying alternative solutions 
c) Selecting methods for evaluating alternatives 
d) Evaluating alternative solutions using established criteria and methods 
e) Selecting recommended solutions from alternatives based on evaluation criteria 

 

This structure provides for objective rather than subjective decision making and ensures all 

stakeholders are being considered. The DAR process is usually for technical issues, but can also be 

applied in non-technical issues. Usually the technical issues involve trade-off studies for equipment 

and software. The development of potential service capabilities is also compared using the DAR 

process area. 

Trade-off Study 
DAR is a common process which a user can access, tailor to his needs and apply during the project 

life cycle to any critical decision making problem. If the decision has been made that formal 

evaluation is needed, a trade-off study can be performed.  

A trade-off study is helpful because according to Professor Terry Bahill in his Systems Engineering 

Process course, from the University of Arizona, "emotions, cognitive illusions, biases, fallacies, fear of 

regret and use of heuristics make humans far from ideal decision makers." Performing tradeoff 

studies will aid decision makers to make rational decisions. He also describes six methods of 

performing trade-off studies and the rules to which they should be applied in his "Mathematical 

Summary of Multi-criterion Decision-Making Methods" (Szidarovszky and Bahill 1999) 

The trade-off study method described by DAR requires evaluation criteria to be established, 

alternative solutions to be identified, evaluation methods to be selected and the alternatives 

evaluated. The preferred solution can then be selected. The complete trade-off process is shown in 

Figure 2 and further discussed in detail. Feedback loops are not shown on the diagram, but is 
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however part of the process. The process is recursive and is usually not completed after one cycle 

only. 

 

Figure 2: The Trade-Off Study Process according to the CMMI's DAR process (Bahill 2011) 

In Figure 2: 

 the Blue blocks represent a process, and is described in the numbered seven steps below. 
 the Orange blocks are sub-processes which will be used together to perform a process and  
 the Green circles represent data in the form of lists or documents 

 
The seven steps of the Trade-off study process shown in Figure 2 is discussed below. 
 

Step 1: Decide if Formal Evaluation is Needed 

 

The decision of the necessity of formal evaluation depends on the decisions impact on risks, costs, 

schedules and the ability to achieve project objectives. The potential to significantly reduce design 

risk, engineering changes, cycle time and especially production costs will support the need for the 

study. If the resources to perform the study is acquired, the trade-off study can begin.  

 

The problem statement is important to ensure an aim and scope for the problem is identified. The 

context in which the problem is found is also an important aspect to consider. 
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Step 2 of the trade-off study process is not done sequentially, but is rather performed in parallel and 

considered simultaneously. The sub-process first described is the establishment of evaluation 

criteria. The second discussed sub-process is the evaluation method selection and finally the third is 

the feasible alternative solutions. 

 

Step 2.1: Establish Evaluation Criteria 

 

The generic evaluation criteria of the company, if available, should contain the following: 

 Criteria name 
 Description 
 Weight of importance (priority) 
 Basic measure 
 Units 
 Measurement method 
 Input (with expected values or the domain) 
 Output 
 Scoring function (type and parameters) 

 
These generic criteria of the company should be well documented and accessible to be used in 

studies. The generic evaluation criteria is displayed in figure 2 as the green circle: 

 

The criteria applicable to the trade-off should be selected and modified to be used in the evaluation 

of alternatives. Evaluating alternatives is very expensive, thus if alternatives can be eliminated early 

in the trade-off process, it should be done. Selecting important criteria, often referred to as Key 

Performance Parameters, should eliminate some alternatives. 

 

Step 2.2: Select Evaluation Methods 

 

A few available evaluation methods for alternatives, according to Bahill, include: 

"Multi-Attribute Utility Technique (MAUT), Ideal Point, Search Beam, Fuzzy Databases, Decision 

Trees, Expected Utility, Pair-wise Comparisons, Analytic Hierarchy Process (AHP), Financial Analysis, 

Simulation, Monte Carlo, Linear Programming, Design of Experiments, Group Techniques, Quality 

Function Deployment (QFD), radar charts, forming a consensus and Tradeoff Studies." (Bahill 2011) It 

is necessary to ensure the correct evaluation method is followed. A too complex method may be too 

costly and difficult to apply to the problem. A simpler method, completed in a more thorough 

manner may provide a better analysis. 
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The following three methods  cover all the important aspects required to make the best decision. 

These methods are applied during the blasting and painting trade-off study. 

Analytic Hierarchy Process (AHP) 

The AHP process is well-know and a simple yet comprehensive way to analyze evaluation criteria and 

alternatives. The AHP is taught as a decision making tool in engineering courses in top universities, 

not only in South Africa, but also in America like University of Arizona. 

For this multiple criterion decision making problem the Analytic Hierarchy Process (AHP) method will 

be used. Both Prof. P.S. Kruger (University of Pretoria) and Prof. A.T. Bahill (University of Arizona) 

have referenced Thomas L. Saaty in his book The Analytic Hierarchy Process:  Planning, Priority 

Setting, Resource Allocation. 

The usual decision situations to which the AHP may be applied may include planning, allocating 

resources, setting priorities, and choices among alternatives. Pair-wise Comparisons will also be used 

for evaluating the alternatives. According to Prof P.S. Kruger: "Pair-wise comparison generally refers 

to any process of comparing entities in pairs to judge which of each pair is preferred, or has a greater 

amount of some quantitative property." This is applicable to the current trade-off study. Expert 

Choice and ERGO computer software is widely used practical applications of AHP decision making 

computer software. 

The consistency study, as performed by Wayne L Winston in his book: Operations Research: Vol 2 - 

Introduction to Probability Models (Winston 2004) will be performed to ensure the data used, 

analyzed and given in results are a trustworthy source for basing decisions on. 

Cost Analysis 

A break-even cost analysis shows how fast the initial investment of equipment, in the in-house 

painting alternative, will break even with the cost of outsourcing per unit pump assembly. This 

method provides a visual conclusion and is key in the decision making process. 

The cost analysis includes calculation of the various available blasting equipment for the in-house 

painting process, and will be compared to the outsourcing of the painting process separately. 

Risk Analysis 

Although the cheaper alternative may look promising, all the involved risks in each alternative 

should be thoroughly researched and documented. The risk analysis may prove to be useful in 

removing a selected alternative, due to the involved risk's high probability or high level of 

consequences for the project's success.  

 

Step 2.3: Identify Alternative Solutions 

 

To Identify alternative solutions, a creative brainstorming session can be held. Excellent tools for 

brainstorming is described by Ritter and Brassard (1998) in their book The Creativity Tools Memory 

Jogger. Brainstorming is one of 14 tools described in this practical guide to innovative thinking. 

Restating the problem, generating new ideas, transferring knowledge from other areas, and 
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identifying all possible solutions to the problem is also described. This book explains how to establish 

a creative environment, and how to integrate the tools in your organizational improvement 

activities. (Ritter and Brassard 1998) 

Less common ideas should also be considered to test the evaluation criteria. All the alternatives 

should abide by the mandatory requirements and Key Performance Parameters. The source of the 

evaluation data and the method for evaluating the data should be selected. 

In this trade-off study a few alternatives are researched and considered as a possible solution. The 

proposed alternatives are represented by the following green circle in figure 2: 

 
A discussion of the proposed alternatives follow. 

Outsourcing the Painting Process 

A good alternative solution to consider for the problem is outsourcing. Outsourcing is the 

transmission of the execution of a specific function in the company, which is being performed in-

house, to another company. The output of that function is then reintegrated into the process. 

(Jacobs, Chase and Aluilano 2009) The third-party organisation will handle and manage reverse flows 

when personnel, infrastructure, experience and capital is insufficient to implement the activity. 

(Langley, et al. 2008) To decide whether or not to outsource an activity, several factors need to be 

considered, such as the core skills of employees, project length, specialization, costs and employee 

flexibility. (Recca 2008) The reasons for outsourcing may be organisational, improvement-, 

financially-, revenue-, cost- or employee-driven. To name a few reasons or benefits in outsourcing, 

the following applies: 

 Enhanced effectiveness and flexibility, because the company is more focussed on their best 
practices 

 Improve control and risk management 
 Acquire creative innovative ideas 
 Reduce investments in assets and apply resources elsewhere 
 Commercially exploit existing skills and resources 
 Transform fixed costs into variable costs     (Greaver 1999) 

 
Core competencies of the company should be kept in-house under management supervision 

whereas all other activities can potentially be outsourced. To evaluate an activity to determine 

whether it should be outsourced, it is best to consider required coordination, strategic control and 

intellectual property. Required coordination is the level of involvement or integration of the activity 

with the overall process. Uncertainty in the activity with recursive information exchanges should not 

be outsourced, although standardized activities can easily be outsourced to specialists.  

The strategic control is basically the loss incurred if the partnership should be ruined. The loss of 

intellectual property should also be considered because the amount of losses to intellectual property 

if the partnership fails could have a major effect on the company. (Hayes, et al. 2005) It is better to 

keep control of the activities providing a competitive advantage and outsourcing the rest.  
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A lot of research indicates that the modern trend is to outsource, but in each activity the application 

of this trend needs thorough analysis. Performing activities through in-house manufacturing, means 

eliminating transportation and mark-up costs to outsourcing companies and gives more control over 

schedules and quality of the activity. The risk of performing activities in-house is however only the 

company's and is not shared with outsourced companies. 

In terms of cost, the Transport -, Mark-up -, and Insurance costs are expected to be higher for this 

alternative. The is also a risk of loss of intellectual property present due to the designs being handled 

by external parties. The schedule may need to be allow for transportation times (to and from the 

outsourcing company), buffer times (in case of the outsourcing company running late with the 

order) and time for the extra paperwork to be completed and approved. The outsourcing company 

will need to provide quality documents and compliance to quality requirements will need to be 

guaranteed. More about this in later chapters. Quotes have been requested from the following 

companies: Bambanani and Uniquote. Both provides a feasible solution in case the outsourcing 

option is decided on. 

In-House Painting Process 

A lot of research with regard to building an on-site sandblasting and spray paint shop to perform 

painting jobs in-house have been conducted. The required space for the activity needs to be located 

in an easily accessible part of the property. As space is very limited on the property, with more than 

six large projects in process, this requires very careful consideration. It would be pointless for this 

study to recommend In-House Sandblasting and Spray Painting if it is not a feasible solution to 

implement. 

Facilities Planning for MKDesigns should thus be considered when making recommendations for 

implementation. 

Process flow of storing materials before sandblasting and spray painting, area for performing 

sandblasting and spray painting, and temporary storage of materials while drying is of great practical 

importance. Finished parts ready for final assembly should be easily accessible. 

The basic needed components is a clean painting room (like a container), ventilation system (like a 

water filtered system) to ensure compliance to the Occupational Health and Safety Act (OHSA), the 

correct Personal Protective Equipment (PPE) for multiple and single use, a sufficiently strong 

compressor (for both the sandblasting and spray painting), sand and paint barrels (for spraying and 

storage), spray nozzles and many more equipment. 

The life time, risks, health impacts and costs of these equipment is being gathered to ensure this 

alternative is considered considering all its impacts. 

The Health and Safety of building such a facility to accommodate the activity needs to be carefully 

considered. 

Training of the employees who will execute the activity needs to be done before any in-house 

manufacturing is commenced. The regular updates of these skills should be monitored and planned. 

After all these considerations have been made, a quote from the company Storm Machinery was 

requested. 
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The close monitoring of conformance to the strict quality control requirements will be under direct 

supervision of the project managers if the activities are performed in-house. However the risk will be 

carried by MKDesigns only in this case. When outsourcing, the risk is carried by the outsourcing 

company. 

In-House Offsite Painting Process 

Mostly the same considerations are made as for In-House, except more risks are involved. The extra 

risks are due to management not being able to do quality check as often as for In-house painting. 

Theft of material and equipment is also a big problem, especially in the area where the company is 

situated. Transport of material to and from the original warehouse adds another head ache to 

management due to higher risk of damage when materials are handled more. 

Off shoring Painting Process 

The off shoring alternative will require MKDesigns to relocate their sandblasting and spray painting 

activity to another location, where the costs will be lower. More risks are involved as management 

will not be able to check quality at any point in time. If they are in the country in which off shoring is 

taking place, a costly transportation of material is also added. As there are limited resources of 

labour, and MKDesigns is a small local company with offices in South Africa only, this alternative is 

not worth the cost or effort of considering to implement. 

Step 3 of the trade-off process includes all the evaluation and comparison of the alternatives, using 

the evaluation methods chosen by referring to the set evaluation criteria. 

 

Step 3: Evaluate Solutions 

 

The evaluation of solutions comprise the third step in the trade-off process. The three sub-processes 

of step two is used in performing the evaluation. The selected evaluation criteria is used to evaluate 

the alternative solutions by applying the suitable evaluation methods. 

a)The Analytic Hierarchy Process (AHP) is the first evaluation method used. This method compares 

the criteria and alternatives to establish which is a more preferred solution. 

b) The Cost Analysis identifies as far possible all the incurred costs of each alternative, and how it 

may benefit the company in future. 

c)The Risk Analysis describes the possible risks, their chances of occurring, implications in case of 

occurrence and effects on the project. 

 

Step 4: Select  Preferred Solutions 

 

Selecting the alternatives are sometimes an iterative process of selecting alternatives, formally 

evaluating them, getting an expert review and presenting the results. Experimenting, simulating and 
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prototyping sometimes form part of the conclusions of selections. Selecting alternatives requires the 

combining of results from the evaluation process by the many combining tools available. To validate 

the results a consistency analysis may support the recommendations. 

The selected alternative and the supporting documents for the decision is represented by the 

Selected Alternative green circle in Figure 2 as follows: 

 

Consulting previous studies and the proper documentation of the current study takes place during 

the Formal Evaluation. The subject is further discussed in Step 7. The formal evaluations of the 

solution is represented by the green circle in figure 2: 

 

 

Step 5: Perform Expert Review 

 

Following the formal evaluation, the expert review will take place. The review covers all aspects of 

the study and may be performed by different specialists. The technical review of a product reviews 

the product of an Integrated Product Team (IPT) and is performed by specialists in the field. 

 

Step 6: Present the Results 

 

The presentation of the results includes the preferred solution or may recommend a broader 

investigation, re-evaluation of the problem or negotiations with the stakeholders. The validation in 

the form of the sensitivity analysis should form part of this presentation. 

Results should be presented in a thorough but simple format, as not all stakeholders possess the 

technical understanding and insight of the project. A visual and descriptive final presentation is 

supplied.  
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Step 7: Update PPAL 

 

The formal evaluations should be included in the Process Asset Library (PAL) or the Project Process 

Asset Library (PPAL) of the organization. Bahill says "Evaluation data for tradeoff studies come from 

approximations, analysis, models, simulations, experiments and prototypes. Each time better data is 

obtained the PAL should be updated." The next trade-off study may benefit greatly from the previous 

trade-off studies conducted. To have the previous studies in the PAL will increase efficiency of future 

studies.  

 

Conclusion 
The trade-off study is an applicable process which provides structure to the decision making process. 

A proper trade-off study is more than effective enough to provide the required solution. 

A very famous trade-off study is the San Diego County Regional Airport Tradeoff Study that cost $17 

million. In Chapter 4 the trade-off study is applied on the painting process. 
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Chapter 4 

Trade-Off Study 
 

The Trade-off study process is applied to the painting problem according to Figure 2. The process is 

followed to select the preferred solution and detailed descriptions of each step is provided. 

The first step of the trade-off study process is to identify the need for formal evaluation. 

 

1. Need for Formal Evaluation 
 
The need for formal evaluation depended of the impact on risks, costs, schedules and the ability to 
achieve project objectives. The decision of outsourcing or in-house painting process is suitable for a 
trade-off study, because of the potential to significantly reduce design risk, engineering changes, 
cycle time and especially production, transportation and markup costs. The complexity and trade-
offs that need to be made needs proper investigation and a formal evaluation. The cost of the 
thorough study is worth knowing the preferred solution to the problem. The problem description 
and documentation on the context of the problem is kept together in the Problem Statement folder. 
 

 
 
The second step involves the evaluation criteria to be established, evaluation methods to be 
selected and alternative solutions to be identified. These three parts of step 2 will be done in 
parallel. 
 

2.1 Evaluation Criteria 
 

The main basic evaluation criteria for the alternatives are cost, risk, schedule and quality. Many 

more criteria exist such as feasibility in term of practicality, time to implement, time and effort to 

train employees, further investigations etc. The criteria chosen for the problem of the painting 

process is defined according to the trade-off study process requirements described previously.  
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All of the criteria are chosen to be SMART. 

Specific 

A specific description of the criteria is necessary to have a consistent study of all the alternatives. If 

the criteria is adapted for each alternative, the study will not give consistent results. 

Measurable 

The criteria should each be measurable in a certain quantifiable manner. The comparison of 

alternatives is easier and more consistent this way.  

Actionable 

To choose criteria which are merely a subjective opinion will complicate the study while making it 

less trustworthy. If the criteria can be tested, repeated, tried-out or simulated, the comparison of 

alternatives is more consistent. 

Realistic 

A realistic criteria, which is applicable to the painting problem, is required. A complicated or too 

analytic criteria will move away from reality and more towards a complex comparison of 

alternatives. 

Time bound 

The criteria is measured at a certain time in specific conditions. The alternatives will be compared at 

a certain time with reference to the criteria and the applicable influences at that time will be 

considered. An all-time solution will not be possible as technology and standards develop quickly. 

The criteria is chosen to suit the most important strategic focus points of the company. A graph 

shows the relative importance of these focus points and a discussion of each of the seven criteria 

follows.  

  

Figure 3: Criteria Relative Importance 
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The set of evaluation criteria specified for the painting process is discussed below. 

Criteria 1: Cost 

The company's focus is to make profit. Cutting unnecessary costs are very important to the owner of 

the company. It is crucial to select cost as a criteria for the painting problem. A separate cost analysis 

is done, additionally to making cost a criteria for the AHP, due to the importance of the cost criteria. 

The cost of acquiring assets are considered in the painting problem. A higher initial cost will be 

present when buying equipment for the In-House painting process, but a transport vehicle in the 

case of Outsourcing is also expensive. To outsource the transport to the outsourcing painter will also 

cost extra. The labour costs are also considered. When Outsourcing any process, a certain part of the 

total cost will be for the mark-up. Insurance costs are included. 

Research into the specific requirements for the alternatives and its costs were extensively done. 

Certain predictions and expert opinions supplied enough information to consider and compare the 

alternatives. Through different quotations and visits to outsourcing companies a good cost 

comparison was possible. 

 

Criteria 2: Risk 

The possibility of project failure grabs any employee's attention. There are great amounts of money, 

not to mention a company's reputation, at stake. The involved risks range from great to insignificant 

but all risks should be identified and considered. Risk management is easier in certain alternatives. 

The criteria of risks are thus justified.  

A short additional risk assessment is also completed. The probability and possible consequence of 

the risk is discussed. 

A few smaller risks in the various alternatives are: 

 Loss of Intellectual Property - due to outsourcing companies handling sensitive information 
and designs. 

 Damage to material - through handling, storage, transport 
 non-compliance to quality standards 
 Exceeding the budget 
 Maintaining and Adjusting the Schedule 
 Risk Probability measured in fractions), Consequence of risk occurring. 

Guarantees can supply some form of protection against serious consequences. 
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Criteria 3: Schedule 

The schedule should be adjustable and flexible. The various alternatives each support a different 

level of flexibility and the schedule is thus a worthy criteria to measure alternatives against. 

On-time delivery, time lost due to transportation or transfer and other delays are considered in the 

schedule criteria. 

The schedule is measured in duration of time, usually weeks but sometimes days, depending on the 

total project length. 

Forecasting and expert opinion are used to gather information for each alternative. 

 

Criteria 4: Quality 

To ensure all parts and the final assembly conforms to the strict quality control requirements, a 

Quality Control Plan (QCP) for each aspect of the project is set up and approved. The measurement 

method is described and should be correctly followed and documented. The proof of measurements 

is an important backup in case anything does go wrong later. The quality management is easier to 

apply for some alternatives. In certain alternatives the control of quality is mostly out of the hands of 

the company. Quality is a justified criteria to compare alternatives with. 

Quality conformance during Simulation, Prototype and Testing provides good information to 

forecast outcomes in terms of quality. 

ARM provides quality requirements and standards to which all painting processes should comply. 

Whichever alternative is ultimately chosen, the quality requirements must still be met. 

 

Criteria 5: Flexibility 

The mine is still in its development stage. This leaves most facts subject to change. The painting 

process may change completely. Different standards and requirements are most definitely possible 

in the near future. The alternative chosen should be flexible and adaptable to accommodate the 

changes. A worthy and important criteria to measure alternatives by. 

 

Criteria 6: Personnel 

The required resources like labour  will be affected by the instalment of an in-house process. The 

personnel will require training and will have to perform new tasks. Most workers resist change at 

first. The approach taken to implement an alternative, may it be in-house, in-house off site or 

another,  needs to be considerate of personnel needs. 

The higher work load and added health and safety risks need to be discussed and agreed apon. 
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Criteria 7: Efficiency 

The painting process needs to be efficient and without regular interruptions. When a part is to be 

painted and finished, the effectiveness of the system is very important. Good maintenance and a 

systematic approach will create an efficient painting process. Waste should be kept to a minimum to 

limit the environmental impact. 

2.2 Evaluation Methods 
 

The many evaluation methods needed to be traded off themselves to decide which is more 

appropriate. Referring to  

Analytic Hierarchy Process AHP 

The AHP uses any amount of evaluation criteria, from two and upwards, to evaluate any amount of 

more  than two alternatives. The evaluation criteria is firstly compared to each other to determine 

each pair's importance relative to the other. A pair-wise comparison matrix is drawn up from this 

step. Seven criteria will therefore use a 7x7 matrix. Each column's values are added together. 

An Intermediate Matrix is then calculated by dividing each value in the pair-wise comparison matrix 

by the sum of that value's column. The average of each row in the Intermediate Matrix is then 

calculated. 

The averages of the rows in the Intermediate Matrix gives the weight of each of the evaluation 

criteria. The sum of these weights must be one. 

The alternative solutions are then compared with relation to each of the seven criteria. Thus, four 

alternatives will have a 4x4 matrix for each of the seven criteria. The pair-wise comparison matrix, 

intermediate matrix and average of the Intermediate Matrix's rows are calculated as for the criteria. 

The average of the alternative from the Intermediate Matrix for a specific criteria is then multiplied 

by the weight of the criteria, calculated previously. 

The final answer for each alternative is the sum of these multiplications. 

Consistency Indexes are then calculated to ensure a consistent decision maker. This validates the 

AHP process and final answers. The specifics about the calculations of the Consistency Indexes are 

explained later in chapter 4. 

 

Cost Analysis 

Due to the high importance of cost in the decision making process, a separate cost analysis is 

performed. Gathering the actual costs of implementing an in-house painting process proved to be 

the largest part of the cost analysis. 

Identifying the correct equipment for the painting process required some expert advice. Several 

quotes were requested for various equipment. Due to the sensitivity of the information, the original 
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quotes are not included in this document. A summary of the costs used in the calculations are 

however attached. 

All costs are truthful at the time of going to printers. Costs are subject to change without prior notice. 

Risk Analysis 

Identifying the risks involved before an alternative is finally chosen is important. Risk is also an 

important criteria in the decision making process. The risk is defined, its probability of occurring is 

discussed together with its possible consequences and a remedy is mentioned. The formal 

evaluation and expert review provide more opportunities to identify probably risks for the project. 

 

2.3 Alternative Solutions  
 

Not only should plenty solutions to the problem be considered, but the feasibility of alternatives is of 

great importance. The practical implementation of the alternative is part of this criteria. Four 

options that are available in this study are: 

Outsourcing the activity to another company 

Performing the activity in-house 

Performing the activity in-house off-site 

Off shoring the activity to another location. 

 

Careful consideration is given to each alternative and each is further described in the literature study 

in chapter 3 in terms of definition, advantages, feasibility and ability to implement. This information 

regarding the alternatives considered and those now considered are documented and represented 

by the Proposed Alternatives green circle in Figure 2. 

Feasibility Analysis 

An alternative can only be considered if it poses a feasible solution to the problem. The alternative is 

required to fit in with the company's strategies. The possibly implication to the company's other 

projects are also considered. 
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3. Evaluate Alternatives  
 

The evaluation of the identified feasible alternatives using the evaluation criteria and methods is 

performed in this section. The three methods namely AHP, cost- and risk analysis are each applied to 

the painting problem and the results are presented. 

 

Analytic Hierarchy Process AHP 

In using the AHP process, the criteria is awarded a numerical value when compared pair-wise. The 

following scale was used: 

 Numerical Value* 

Equally Important 1 
Moderately more Important 3 
Strongly more Important 5 
Very Strongly more Important 7 
Strongly more Important 9 
Intermediate values 2, 4, 6, 8 

Figure 4: Numerical Scale 

* if negative value, replace "more" with "less" 

 

The Pair-wise comparisons of the evaluation criteria yield the following results: 

Table 1: Pair-wise Comparisons of Criteria 

  Cost Risk Schedule Quality Flexibility Personnel Efficiency 

Cost 1     3      1/3 1     7     5     7     
Risk  1/3 1     1      1/2 5     3     5     
Schedule 3     1     1      1/3 3     3     3     
Quality 1     2     3     1     8     6     7     
Flexibility  1/7  1/5  1/3  1/8 1      1/4 1     
Personnel  1/5  1/3  1/3  1/6 4     1     5     
Efficiency  1/7  1/5  1/3  1/7 1      1/5 1     

Total 5 5/6 7 3/4 6 1/3 3 1/4 29     18 4/9 29     

 

The Intermediate matrix in Table 2, wherein the results of the division of the cell by the sum at the 

end of that cell's column in Table 1, is shown on the next page. 
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Table 2: Intermediate Matrix 

  Cost Risk Schedule Quality Flexibility Personnel Efficiency Average 

Cost 0.17 0.39 0.05 0.31 0.24 0.27 0.24 0.24 
Risk 0.06 0.13 0.16 0.15 0.17 0.16 0.17 0.14 
Schedule 0.52 0.13 0.16 0.10 0.10 0.16 0.10 0.18 
Quality 0.17 0.26 0.47 0.31 0.28 0.33 0.24 0.29 
Flexibility 0.02 0.03 0.05 0.04 0.03 0.01 0.03 0.03 
Personnel 0.03 0.04 0.05 0.05 0.14 0.05 0.17 0.08 
Efficiency 0.02 0.03 0.05 0.04 0.03 0.01 0.03 0.03 

 

The average of each row in Table 2 represents the weight per criteria, also referred to as the 

Importance of the criteria. This is tabulated in Table 3 and ranked according to importance. 

 

Table 3: Weight per Criteria 

Quality 0.29 
Cost 0.24 
Schedule 0.18 
Risk 0.14 
Personnel 0.08 
Efficiency 0.03 
Flexibility 0.03 

 

The selected alternatives need to be compared to each other while considering only one criteria at a 

time. The four alternatives compared to each of the seven criterion yield the following results: 

 

Table 4: Alternatives compared in terms of Quality 

Quality Management Outsourcing In-house In-house off-site Off shoring 

Outsourcing 1      1/3  1/3 2     
In-house 3     1     5     7     
In-house off-site 3      1/5 1     4     
Off shoring  1/2  1/7  1/4 1     

Total 7.50 1.68 6.58 14.00 

In terms of Quality, it seems as if In-house production will have the easiest and best Quality 

management. 
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Table 5: Alternatives compared in terms of Cost 

Cost Management Outsourcing In-house In-house off-site Off shoring 

Outsourcing 1      1/4  1/3 3     
In-house 4     1     5     7     
In-house off-site 3      1/5 1     3     
Off shoring  1/3  1/7  1/3 1     

Total 8.33 1.59 6.67 14.00 

When considering the cost of the alternatives, the in-house production will have the best and most 

controllable cost management. 

 

Table 6: Alternatives compared in terms of Schedule 

Schedule Management Outsourcing In-house In-house off-site Off shoring 

Outsourcing 1      1/4  1/3  1/2 
In-house 4     1     4     6     
In-house off-site 3      1/4 1     3     
Off shoring 2      1/6  1/3 1     

Total 10.00 1.67 5.67 10.50 

The schedule is most adaptive and manageable in the in-house alternative, due to the possibility of 

moving certain materials forward in the queue if it is needed sooner. This may be costly or 

impossible with outsourcing companies. 

 

Table 7: Alternatives compared in terms of Risk 

Risk Management Outsourcing In-house In-house off-site Off shoring 

Outsourcing 1      1/7  1/5  1/3 
In-house 7     1     3     5     
In-house off-site 5      1/3 1     2     
Off shoring 3      1/5  1/2 1     

Total 16.00 1.68 4.70 8.33 

The risk management proves to be easier to manage in the In-house alternative. 

 

Table 8: Alternatives compared in terms of Personnel 

Personnel/Labour Outsourcing In-house In-house off-site Off shoring 

Outsourcing 1     5     7     9     
In-house  1/5 1     3     7     
In-house off-site  1/7  1/3 1     3     
Off shoring  1/9  1/7  1/3 1     

Total 1.45 6.48 11.33 20.00 
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Due to no costs and zero responsibility towards the managing of personnel in the outsourcing 

alternative, the best score is achieved by the outsourcing of the painting process. 

 

Table 9: Alternatives compared in terms of Efficiency 

Efficiency Outsourcing In-house In-house off-site Off shoring 

Outsourcing 1      1/3 3     5     

In-house 3     1     5     7     

In-house off-site  1/3  1/5 1     3     

Off shoring  1/5  1/7  1/3 1     

Total 4.53 1.68 9.33 16.00 

Efficiency is more manageable in In-house painting. A proper flow of materials into and out of the 

painting process will make the overall process of production much more efficient. No transportation 

of materials also gives MKDesigns 2 extra days per painting batch, which they wouldn't have had 

available in any of the other alternatives. 

 

Table 10: Alternatives compared in terms of Flexibility 

Flexibility Outsourcing In-house In-house off-site Off shoring 

Outsourcing 1      1/7  1/5  1/3 

In-house 7     1     3     5     

In-house off-site 5      1/3 1     3     

Off shoring 3      1/5  1/3 1     

Total 16.00 1.68 4.53 9.33 

The flexibility of applying design changes, colour changes, moving materials up and down the 

painting queue, adjusting painting schedules, qualities and quantities is better in the in-house 

production alternative. 

 

The final score of each alternative is calculated. The highest score is the best alternative, according 

to the AHP.  The calculation of the AHP results in Table 11 is explained in a diagram, Figure 5, on the 

next page. 

Table 11: AHP final results 

Outsourcing 0.155 
In-house 0.545 
In-house off-site 0.217 
Off shoring 0.083 

The highest score is achieved by the In-House alternative, with a great amount of 54.5%, followed by  

the In-House Off-site alternative with 21.7%. Close behind is the Outsourcing alternative,15.5%, and 

far behind is the Off shoring alternative with a mere 8.3%. 
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Figure 5: AHP results describing criteria and alternatives 

The weight of each criteria, green blocks, are multiplied by the score awarded of each alternative 

when considering that criteria only, shown in the red blocks. These multiplications are summed for 

each alternative and the final results of the alternatives are shown in the stars. The red star indicates 

that In-House is the best alternative due to the fact that it scored the highest in the AHP. 

 

To ensure that these AHP calculations and results are valid answers, a consistency index calculation 

is completed on each of the matrices used. (Winston 2004) 

 

Consistency Index  

The calculation of the Consistency Index (CI) is done as follows: 

 

Step 1: Calculate Matrix AW 

Pairwise Comparison Matrix A (Table 1) x Weight Matrix W (Table 3) = Matrix AW 

Equation 1: Calculating Matrix AW to be used in CI Equation 2. 
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Step 2: Calculate CI 

           n = Number of Criteria 

Equation 2: Consistency index = CI 

n=7 where the seven criteria are compared in a matrix (Table 1) 

n=4 where the four alternatives are compared in matrices (Tables 4-10) 

 

Step 3: Calculate CI/RI 

 

 

Equation 3: Results for Consistency Index test 

RI is a set value for each amount n. The values of Random Index (RI) give the average values of CI, if 

the entries in A are randomly chosen. The constraint is however that all diagonal values equal one, 

and for all other values: aij = 1/aji . 

Table 12: Values of the Random  Index (RI)    (Winston 2004) 

n 2 3 4 5 6 7 8 9 10 

RI 0 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.51 

 

 

Thus, from Table 12:   n = 7 has RI = 1.32   and   n = 4 has RI = 0.9 

CI / RI should be less than 0.1 for the AHP to provide useful estimates of the weights. This is true in 

the case of the painting process AHP analysis. 

 

For a perfectly consistent decision maker (CI = 0) :  

 

Equation 4: Consistency of the Decision maker. 

 

Equation 3 is satisfied in the painting process AHP analysis and proves the decision maker to be 

consistent in her analysis. 

All Consistency Index Calculations are shown in Appendix D. All the matrices went through all three 

steps and their CI / RI values are less than 0.1. The AHP results and calculations are thus valid.   



Trade-Off: Outsourcing or In-House Painting? 2011 

 

  
Page 32 of 63 

 
  

Cost Analysis 

The data to be used in the cost analysis was gathered by requesting quotes from outsourcing 

companies and suppliers of the equipment which will be required in the case of in-house painting.  

Quotes were obtained from the following companies: 

 Two outsourcing companies, namely Bambanani and Uniquote, and  
 Three in-house equipment supplier companies, namely Storm Machinery, Speccoats and 

Ultimate Spray & Blast Equipment. 
A summary of the quotes and calculation can be viewed in Appendix C. 
 
Table 13 shows the results from the calculated areas to be painted. The calculations are based on 
the design drawings. The design drawing are regularly updated as necessary. The areas are used to 
calculate the amount of paint to buy for each part of the assembly and also how much abrasive grit 
is required. 
 
 
 

 

 

 

 

 

 

 

 
The abrasive material selected for sand blasting the pump assemblies are grit abrasive. The grit is 

suitable for the type of material of which the pump assemblies are made of. The abrasives cost a 

fixed amount. The fixed amount depends on the type of abrasive bought. The fact that less than a 

ton will be bought also influences the cost per ton.  

Additional to the fixed amount, a variable cost ,which changes each month, is added.  Another 

separate variable cost is also added. A delivery cost to the Pretoria area is also added. All these costs 

excluded VAT which means adding 14% VAT is also required. The final cost per ton of abrasive grit is 

R11 443.32. Bags of 25kg suit the needs of this project and will cost R286.08. 

 

 

 

 

 

 

 

Table 13: The areas in m2 to be painted 
calculated from the design drawings. 

Table 14: Cost of Abrasives for use in the Sand Blasting Process. 
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The type of paint for the first four pump assemblies is as listed in Table 15. The type of paint used for 

the pump assemblies built in future may change, due to the mine being in development and 

constantly changing their standards. The spreadsheet is simple enough to be updated with different 

types of paint if necessary. 

 

The paint currently being used is mostly sold in 5ℓ or 10ℓ cans. They cover different areas (m2) which 

is also listed in Table15. The total amount of cans required are calculated by ensuring the area of the 

pump assembly to be painted with that type of paint, can be properly covered by the paint. The total 

cost of the paint for each pump assembly is R25 215. 

The cost analysis is shown in Table 16. The In-House painting will require an initial investment. 

Equipment for both blasting and painting need to be bought.  Different equipment is available to 

achieve the same results and quality. Some equipment to however affect the quality. The equipment 

included in the cost analysis are most applicable to the specific pump assembly project 

requirements. Obviously, it will be a great advantage if the equipment bought is adaptable to be 

used in other projects as well. 

Plan A was developed to include the sand blasting equipment most commonly used. The equipment 

includes: 

 a 200 ℓ sandblast pot complete with all hoses and nozzles required. 
 a internal pipe blast attachment for the blasting of the specific pipe internal diameters. 
 the steel grit abrasive as calculated in Table 14. 
 surface profile gauge to check the correct surface finish is acquired in all areas. 
 salt test kit. 

 

Plan B contains different sandblasting equipment. A Power Gun is selected and replaces both the 

200 ℓ sandblast pot and internal pipe blast attachment. This is a huge cost saving. The salt test kit is 

also unnecessary in this case. 

The spray painting costs for Plans A and B are identical. 

Table 15: Costs of Paint used in the Painting Process. 



Trade-Off: Outsourcing or In-House Painting? 2011 

 

  
Page 34 of 63 

 
  

The total initial costs of Plan A is R 118 478.08 and for Plan B is R 69 701.48. Plan B is clearly much 

cheaper and supplies the same capabilities as Plan A. 

Running costs for Plan A and B includes: 

 Paint, as calculated in Table 15 
 Labour 
 Electricity 

Each unit of pump assembly built incur these running costs, a total of R 26 565. 

 

Table 16: Cost of In-House blasting and painting process. 

 

The outsourcing cost is gathered from an outsourcing company currently painting pump assemblies. 

They charge the company a total of R 33 500 per unit pump assembly blasted and painted. 

 

 

 

Table 17: Cost of Outsourcing blasting and painting process. 
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The costs for in-house and outsourcing painting process is compared in the following two graphs.  

Figure 6 compares Plan A of the In-House painting process to the Outsourcing painting process. At 18 

pump assemblies, the costs will break even. 

 

 

Figure 7 compares Plan B of the In-House painting process to the Outsourcing painting process. At 

blasting and painting 11 pump assemblies, the costs will break even. 

 

 

  

Figure 6: Plan A In-House painting and Outsourcing the painting process Break-Even graph. 

Figure 7: Plan B In-House painting process and Outsourcing the painting process Break-Even graph 
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Risk Analysis 

 

1. Non-compliance to Quality Standards. 
There is always a possibility that some external factor will impact the quality of a product. The 

uncertainty of the external environment pose many threats to quality.  

The weather affects the painting process. That is why the temperature and humidity is tested and 

recorded. If the painted parts are set out to dry uncovered, rain will certainly deem the painting 

process useless. A blasted part will rust, and will have to be re-blasted. With sufficient planning and 

resources, the weather will not disturb the painting process. 

Due to certain paints being supplied in components, mixing should also be done properly to ensure a 

even distribution of paint. Following the mixing directions of the paint, a smooth consistency will be 

achieved and will comply to standards. 

Following the handling, transportation and storage instructions of the paint and painted parts, the 

quality will not be affected by these actions. 

2. Employee resists Training 

Although sand blasting and spray painting of parts are fairly simple and easy to learn, training is 

necessary to make absolutely sure the correct process is followed. The training should not only cover 

the mixing, storage, painting and safe handling of the paints and painted parts, but also the cleaning 

and maintenance of equipment to ensure long equipment life and quality operations. 

3. Resources shortage - labour 
The labour to perform these actions should be available and willing to stay on schedule with the 

painting process. A shortage of labour or low efficiency will cause low quality paint jobs. 

4. Health & Safety Risk 

A suitable area should be available where the blasting and painting process can safely be completed. 

All the required safety equipment, including a ventilation system and Personal Protective Equipment 

(PPE), should be supplied in sufficient quantities. The maintenance of the equipment and regular 

cleaning is key.  

The sand blasting operation is noisy and dusty and the personnel need to be protected in the correct 

ways. The paint fumes are dangerous to the health of the operator and the environment. Equipment 

should be functioning properly and clean. All regulations and safety precautions are supplied by the 

paint suppliers and should be read and followed. 

5. Law 
The rights of workers and neighbors need to be considered. The Constitution of South Africa: Bill of 
rights specifies some fundamental rights regarding labour relations. 

 

6. Environmental Impact 
The sand from the sand blasting process should be contained. The sand can be re-used which will 

save money and limit the environmental impact. The safe disposal of excess paints and sand should 

be done according to supplier recommendations. 
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4. Select Preferred Solution 

 
The AHP and Cost Analysis both suggested that performing the painting process In-House would be 

the better alternative. The AHP awarded the In-House alternative the winning percentage of 54% 

over the other three alternatives. This is a strong victory for an alternative to achieve. The Cost 

Analysis showed that after blasting and painting 11 pump assemblies (using Plan B) the costs would 

break even and it will be cheaper to perform the painting process in-house. 

 

 

 

The preferred solution is thus the In-House painting process. The supporting documents for this 

solution will be kept in the Project PAL. 

 

Formal Evaluation 
 

The formal evaluation may be completed by more than one person in management. A formal 

evaluation team may also be created. The study is checked for major and minor errors and it is 

ensured that the data used is still valid. To conform to quality requirements is highlighted. 

The Quality Assurance Procedures are extremely important in this project. Not only for the great 
contact and partnership which can potentially bring in more contract work, but also to keep the 
company's good name in term of complying to quality standards. The quality requirements have 
been extensively defined in the Scope of Work for the project called the Project Quality Plan (PQP). 
This contains, among others, the content and schedule of quality audits.  
 
The Quality Control Plan (QCP) for the sandblasting and spray painting procedure was developed 
from these requirements. The contractors' QCP's was also used and the quality control officer from 
Konnoco approved the document on his MKDesigns quality audit in August. See Appendix A for the 
attached document. 
 
 

5. Expert Review 
 

The trade-off study and all the AHP steps will be reviewed by an expert in the field of decision 

making to ensure correct results. 

The Mechanical Engineers of MKDesigns namely Mr. M. Kruger, A. Labotski and M.Adam is further 

responsible for the expert review and final decisions regarding the trade-off of outsourcing or in-

house production. They may also request further investigation on different equipment and paint. 
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6. Present the Results 
 

The process of analysis, containing all documentation, will be explained during a visual presentation 

to MKDesigns. The findings and recommendations of the study will also be presented and discussed.  

This study will also be presented at the University of Pretoria to Mr. M Nienaber and Prof. K 

Adendorff in a formal project meeting on 25/10/2011. 

The focus of the presentation will be to sell the idea of performing processes in-house, but keeping 

in mind the costs and risks involved. An engineering approach will be taken, but not too much 

technical information will be discussed. The final presentation is of great importance. Although all 

the studies and results may show a solution, if the solution is not sold to the stakeholders as being a 

possible saving, the whole project would be insignificant. 

 

7. Project Process Asset Library (PPAL)  
 

The documentation process for all data gathered and analyzed is one of the most important parts of 

the trade-off study process. The company should have a Process Asset Library (PAL) to support their 

current decisions and to aid them in performing future studies. This project will form part of 

MKDesigns' PAL for future reference. 

 

Conclusion 
The trade-off study structures the decision making process. The process is successfully completed 

and the desired aim is reached. The preferred solution is the In-House painting process. 

In Chapter 5, the quality assurance of the painting process is discussed.  
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Chapter 5 

Quality Assurance 
 
The quality of the final sandblasted and painted units cannot be compromised for any amount of 
cost savings or schedule adjustments. To ensure a quality product is supplied, whether outsourcing 
or in-house painting process is followed, a painting Quality Control Plan (QCP) was developed.  
 
The requirements from the paint specification "Specification Number 44" and the related standards, 
as listed in Appendix A, was used to write this painting QCP. The QCP document was signed off by 
the quality inspector from VALE/ARM. The final painting QCP document, which forms part of the 
databook of the project, can be viewed in Appendix B. 
All equipment required to test and satisfy the quality requirements are described in Appendix E. 
 
 
1. Approve QCP - DRG 
The QCP is designed using the requirements in the Painting Specification. The quality inspector from 
VALE/ARM needs to sign off the document to ensure that they agree on the process used in the 
painting process. 
 
2. Verify Paint Specification (Color & Total EFT) - SPEC JV2009 - SPEC 44 
To ensure the correct color and effective film thickness (EFT) is achieved, the original paint 
specification or concessions need to be utilized. 
 
3. Receive material - DRG - BATCH CERTS 
The transportation and receiving of material to be painted is a prescribed process. All 
documentation is to be completed. The Batch Certificates of the supplied material needs to be 
placed in the databook. Copies of these certificates are kept with the material. At any time, the 
quality inspector from VALE/ARM can ask which materials are in a certain process. This can be 
proved by showing the Batch Certificates of the material. 
 
4. Remove oil / grease / contaminants - SPEC - SABS 767 
Before the blast, the visible contaminants need to be removed using standard procedures specified 
by SABS 767. 
 
5. Abrasive blast clean (As per Specification) - SPEC JV2009 - SPEC 44/ SABS 772 
Abrasive Blast SA 2.5, min 50micron max 100micron 
The sand blasting is completed to specification using the correct and safe methods. The surface 
finish is measured using a digital surface profile gauge 0-800μm to ensure compliance to standards 
and requirements are met (SPEC 44/SABS 772). The Degrees of Cleanliness of Blast Cleaned Surfaces 
is explained in Appendix E on page 63. The “Near White” Blast Cleaning is the quality requirement 
for the pump assemblies. 
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6. Dust and debris - SPEC - SABS 1217 / SABS767 
To ensure the paint applications adhere as required and can have a surface finish free from 
impurities and glossy as required. Additional comments on this subject in Appendix E on page 61. 
 
7. Salt contamination test - SPEC - ISO 8502 / (BRESLE TEST) 
The salt test ensures  that the steel is clean and no previous corrosion is still evident on the steel. 
This test is however more for refurbishment paint processes and will not be employed on future 
jobs. Additional information on this subject in Appendix E on page 61. 
 
8. Record Humidity and Temp prior to Painting - SPEC JV2009 - SPEC 44 
RH <85% / 5°C< temp< 50°C 
The painting process is executed in specific environment concerning temperature and humidity. The 
conditions need to be recorded throughout the process and will be checked by the quality inspector 
from VALE/ARM. Equipment required for this step is listed in Appendix E. 
 
9. Apply Primer to spec. (coating times, visual deviations and runs) SPEC JV2009 SPEC 44 
STRUCTURE - Carboguard 893, DFT (75μm) 
PIPING EXTERNAL - Carboguard 893, DFT (75μm) 
PIPING INTERNAL - Fenoline 300 - DFT (300μm) Modified Phenolic primer updated supplier 
The Primer is the first coat painted. The different parts have different primers, according to the 
specific final coat which will be applied later. 
 
10. Inspect prime coat after curing (DFT, EID etc) - SPEC JV2009 - SPEC 44 
The inspection of the prime coat includes dry film thickness DFT measured using a DFT gauge basic 
model, ferrous, 1-1500μm. The thickness should be controlled to be thicker than the minimum 
requirement, however making the paint too thick can cause cracking as well as waste of paint and 
money. 
 
11. Apply Intermediate Coat (coating times , visual deviations and runs) - SPEC JV2009 - SPEC 44 
STRUCTURE - NONE 
PIPING EXTERNAL - NONE 
PIPING INTERNAL - Fenoline 302 - DFT (100μm) Modified Phenolic updated supplier 
The Intermediate Coat is painted secondly. The different parts have different intermediate coatings, 
according to the specific final coat which will be applied later. Certain parts do not have any 
intermediate coatings. 
 
 
12. Inspect Intermediate coat after curing (DFT, EID etc) - SPEC JV2009 - SPEC 44 
The inspection of the intermediate coat includes dry film thickness DFT measured using a DFT gauge 
basic model, ferrous, 1-1500μm.  This DFT inspection is similar to all DFT inspections. 
 
13. Apply Final Coat - SPEC JV2009 - SPEC 44 
STRUCTURE - Carbothane 134, DFT (125μm) BLUE 
PIPING EXTERNAL - Carboguard 890 DFT (125μm) GREEN 
PIPING INTERNAL - Fenoline 302 - DFT (100μm) Modified Phenolic - BLACK updated supplier 
The final coat is painted lastly. The different parts have different final coatings. All parts need to 
have a final coating. The final coating is colored as specified. 
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14. Inspect Final coat after curing (DFT, EID etc) - SPEC JV2009 - SPEC 44 
The inspection of the final coat includes dry film thickness DFT measured using a DFT gauge basic 
model, ferrous, 1-1500μm. The color is also checked. An even painted part containing no faults 
moves on to the final inspection. This DFT inspection is similar to all DFT inspections. 
 
15. Final Inspection 
During the final inspection, an overall quality inspection process is followed to ensure no runs or 
other external damage could have occurred during handling and the painting process. 
 
16. Final Release 
Before the materials can be moved, transported, assembled or handled in any way, the painting job 
needs to be signed off by the quality inspector from VALE/ARM. The process followed and the 
documentation is checked. A final "all clear - proceed" is given when the materials are released. 
Materials not conforming to the specifications may be sent back for touching up or repainting. In the 
case of a colour mistake, the paint is removed and repainted correctly or a concession with the 
quality inspector from VALE/ARM and the project manager needs to be arranged. 
 
17. Databook 
Once the QCP is signed off as being sufficient by the quality inspector from VALE/ARM,  the signed 

copy is placed in the databook. All other QCP's completed by painters etc. is also placed in the 

databook. 

Whoever executes the painting process, whether it is an outsourced company or the in-house 

painting team, this QCP needs to be followed and documented in detail. Any deviation from the QCP 

will place the executing company subject to fines. 

 

Some of the quality assurance standards regarding the Corrosion Protection, which includes the sand 

blasting and spray painting of all material, are explained below. The importance thereof is also 

included. 

 

Material traceability 

The original Batch Certificates of the supplied material needs to be placed in the databook. Copies of 

these certificates are kept with the material. At any time, the quality inspector from VALE/ARM can 

ask which materials are in a certain process. This can be proved by showing the Batch Certificates of 

the material. The material is thus traceable due to the fact that the company is aware where in the 

process their materials are, and can prove it. 

Ambient conditions 

The conditions in which the materials are stored, transported, blasted, painted and assembled are 

important for the final inspection. Any conditions which may have an effect on the quality of the 

material needs to be documented. The ambient conditions are especially important during the 

painting process. The specific temperature and humidity testing and documentation during the 

painting process are the main focus of this quality assurance standard. 
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Surface Preparation 

The sandblasting is performed using the correct equipment, methods and safety measures. The 

required result of the surface preparation is specified in the QCP. The required equipment is a digital 

surface profile gauge 0-800μm.  

Application of primer coat within ‘window’ time period 

The time between the surface preparation and the application of the primer coat is specified. The 

times should be documented. If the primer is not painted in the window time period, the blasting 

needs to be performed again. 

Mixing 

The paints are mixed and prepared according to the paints' specifications. All mixing needs to be 

performed in the correct conditions and using the correct equipment. Mixing times are also 

specified. 

Over-coating times 

To ensure proper adhesion and surface cleanliness the coating times will ensure that the surface 

preparation is still within specification and the paint properties during the intervals are still 

appropriate to have second and third applications. This ensures a homogenous application with the 

additional coats adhering to each other properly. 

Film thickness 

The Dry Film Thickness is measured using a DFT gauge basic model, ferrous, 1-1500μm. This ensure a 

thick enough coat is applied in various places on the unit. The DFT is measured by the painter, but is 

also checked by the quality inspector from VALE/ARM before signing off the materials. 

Witness and secure points 

The different action points ensure that the proper authority has inspected to the required level of 

inspection. Each inspection will be a hold point for the contractor to ensure no further actions are 

taken without the approval of the inspectors. Each step has a defined inspection type: I.E. visual, 

certificate etc. 

 

Conclusion 
It remains a difficult task to initially establish applicable quality standards for a mine in its 

development phase. This is a difficult situation, but by collaborating with experts in the quality field, 

a good quality standards document will be created.  The quality of the paint is an important part of 

the final delivered product. 

In Chapter 6, the final recommendation and conclusion is discussed.  



Trade-Off: Outsourcing or In-House Painting? 2011 

 

  
Page 43 of 63 

 
  

 

 

Chapter 6 

Recommendation 
 

With a convincing 54.5%, the AHP suggested the In-House painting process. The validation of the 

AHP gives the decision makers the assurance of a trustworthy result. It is recommended that the In-

House painting process is implemented. 

The Cost Analysis supports the recommendation of the AHP by proving the In-House painting 

process to be cheaper on the long run. When 11 pump assemblies are painted, the initial investment 

of In-House painting process breaks even with the Outsourcing alternative. From the 12th to the 

39th or more pump assemblies, it is cheaper to perform the painting process In-House. 

It is recommended that when additional investigations are performed in future partnerships and 

contracts, this study  is used as a reference. The study is documented in the company PAL. 

Some quality faults in the material becomes more visible once the material is painted. This causes 

great problems when the quality inspector from VALE/ARM inspect the material at the outsourcing 

company. The inspector needs to release the material so as to allow the final assembly. However, 

when welding or other faults are noticed at an outsourcing painting company, the problems can't be 

easily fixed.  

If the painting process is performed In-House, management can inspect the material before the 

quality inspector from VALE/ARM is notified to inspect the painted material. Faults noted can be 

fixed before the quality inspector from VALE/ARM does his inspection. Time, money and the good 

professional relationship is saved and protected. 

 

Conclusion 
Thirty nine skid-mounted pump assemblies to be built. The painting process is costly and time 

consuming. The quality thereof is also highly specified.  

A trade off study is performed to make the best decision regarding make-or-buy. The recommended 

solution is supported by a valid AHP and involved costs and risks. 

Considering the results of the trade-off study using the AHP process and cost analysis, the In-House 

painting process is the recommended option. 
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Appendix A 

Painting Specifications  for Skid-Mounted Pump Assembly 
The VALE / ARM Joint Venture document  "Specification Number 44: Standard Specification For 

Corrosion Protection Of Structural Steelwork, Platework & Mechanical Equipment" defines all 

processes and quality standards used in the painting process. 

It is a requirement (Peters 2009) that all painting should comply to the following standards: 

 SANS ISO 1461 - Hot-Dip Zinc Coatings (galvanised). 

 SANS 801 - Epoxy Tar Paints. 

 SANS 926 - Two Pack Zinc Rich Epoxy Primer. 

 SANS 1158 - Two Pack Epoxy Resin Based Primers. 

 SANS 1091 - National Colour Standards. 

 ISO 8501-1 - Surface Preparation. 

 SANS 901 - Paint & Varnish Brushes. 

 SANS 552 - Paint Rollers. 

 SANS 064 - Preparation of Steel Surfaces for Coating. 

 SABS Method 772 - Profile of Blast Cleaned Steel Surfaces. 

 SABS Method 141 - Dry Film Thickness of Paints. 

 SIS 055900 - Pictorial Surface Preparation Standards. 

 SANS 1198 
- 

Production & Quality of Rubber Linings on 

Steel Pipes, Pipe Fittings and Vessels. 
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The following Coating systems are specified for the Skid-Mounted Pump Parts and Assembly: 

Coating System No. 2* – Epoxy Tar - Tank Linings and Pipes Interior for Slurry- 65m2 

 Rubber lining when specified by Project Engineer shall be in accordance with SANS 1198. 

General 

This specification details the coating of structural steelwork and platework situated in wet conditions 

for all pH ranges, specifically: 

Underground applications. 

Brown’s/Pachuca tanks  - inside top    2 000 mm only. 

Coating 

Surface Preparation: All surfaces are to be abrasive blasted to Swedish Standard SIS055900, Sa2½ 

with a minimum blast profile of 50 micrometers, measured in accordance with SABS Method 772. 

First Coat: Brown epoxy tar, with a    minimum dry film thickness of 90 micrometers. 

Second Coat: Black epoxy tar, with a minimum dry film thickness of 90 micrometers. 

Remarks 

Only available in black and brown colours. 

Contractors to comply with minimum and maximum curing time between coats to supplier’s 

recommendations. 

Coating System No. 3 - Polyurethane - Tank and Pipes Exteriors - 65m2 

General 

This specification details the coating of structural steelwork, platework, piping and mechanical 

equipment used in mild mining environments and mildly acidic environments. 

Coating 

Surface Preparation: All surfaces are to be abrasive blasted to Swedish Standard SIS055900, Sa2½ 

with a minimum blast profile of 50 micrometers, measured in accordance with SABS Method 772. 

Primer Coat: One coat of epoxy polyamide, with a minimum dry film thickness of 75 micrometers. 

Final Coat: One coat of aliphatic acrylic polyurethane, with a minimum dry film thickness of 40 

micrometers. 

Remarks 

Specified colour of final coat for Tank and Pipes Exteriors. 

Two final coats may be required if application is by brush or roller.  



Trade-Off: Outsourcing or In-House Painting? 2011 

 

  
Page 47 of 63 

 
  

Appendix B 

Quality Control Plan for Sandblasting and Spray painting. 
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Appendix C 

Data for Cost Analysis - Quotations 

SANDBLAST EQUIPMENT 
Abrasive Blast SA 2.5, min 50micron max 100micron 

200L Sandblast pot with: 
• 12m Sandblast hose + Hose coupler 
• 08mm Nozzle + Holder 
• Remote valve 
• Deadmans Handle 
• Sandblast Hood 
• Air hose for Sandblast hood 
• CPF 80 Filter 
• Apron + gloves 

R 31 179.00 
 

 
200L Remote Blast Pot Package: 

 Includes 200lt Remote Plumbed Blast Pot,  

 c/w Safety Exhaust Silencer 

 10meter Blast Hose,  

 c/w Nozzle Holder,  

 Hose Coupler,  

 6mm Venturi Blast Nozzle, 

 Deadman’s Handle  

 c/w 11meters Twinline Signal Hose, 

 1 x Vinyl Helmet,  

 c/w 12 meters Helmet Hose,  

 Leather Gloves, 

 Tarpaulin Apron 
R 22 500.00 

 
 
Internal pipe blast attachment: 
Pipe size 80-305mm 

R 26 700.00 
 

 
SPRAY EQUIPMENT 

Primer 
STRUCTURE - Carboguard 893, DFT (75μm) 
PIPING EXTERNAL - Carboguard 893, DFT (75μm) 
PIPING INTERNAL - Fenoline 300 - DFT (300μm) Modified Phenolic primer 
Intermediate Coat 
STRUCTURE - NONE 
PIPING EXTERNAL - NONE 
PIPING INTERNAL - Fenoline 302 - DFT (100μm) Modified Phenolic 
Final Coat 
STRUCTURE - Carbothane 134, DFT (125μm) BLUE 
PIPING EXTERNAL - Carboguard 890 DFT (125μm) GREEN 
PIPING INTERNAL - Fenoline 302 - DFT (100μm) Modified Phenolic - BLACK 
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(Most Pipes Internal D150mm, 1x Pipe Internal D80mm (100mm long) & 2x Pipe Internal D100mm) 

 
 
 Internal pipe coater with: 
• 20L Air agitated spray pot 
• 15m Fluid and air hose 
• Rotor coater attachment 

R 11 900.00 
 

 30:1 Airless spray machine with: 
• 15m Airless hose 
• Spray Gun 
• Spray Tip 

R 20 500.00 
 

 
56 : 1  Airless Spray Pump with: 
• Gun 
• 3/8 Airless Hose , 
• Tip, 
• Tip Guard 

R 23 500.00 
 

 
 68:1  Airless spray machine with: 
• 15m Airless hose 
• Spray Gun 
• Spray Tip 

R 32 800.00 
 

 

INSPECTION EQUIPMENT 
RH <85% / 5°C< temp< 50°C 

 
1. DFT guage basic model, ferrous, 1-1500μm   R 8 700-00/ea 
2. Dew, Temperature and RH meter   R 8 265-00/ea 
3. Dust tape test kit      R 1 595-00/ea 
4. Digital surface profile guage 0-800μm  R 6 380-00/ea 
5. Salt test kit      R 1 568-00/ea 
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Data for Cost Analysis - Calculations 
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Appendix D 

Data and Calculations for AHP 
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Appendix E 

Equipment Descriptions 
The importance of using the correct equipment cannot be over-emphasized in reaching the quality 

standards and requirements. For this reason, the specific equipment required for the blasting and  

painting process is identified and the product descriptions (Speccoats Paint 2011) are attached. 
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