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Abstract. Cost estimation helps build confidence in the feasibility of the 

development of novel manufacturing processes. This paper focuses on the 
exploration of the cost estimation for novel manufacturing processes for decision 

support. One of the aspects of estimation is building credibility around the analysis, 

especially, in the early stages of planning. Cost estimating guidelines provide a good 
overview of the cost estimation steps but there is a requirement for guidelines for 

cost estimation model development. Through building on an understanding of the 

cost estimation principles, as well as cost estimation modelling, a high-level generic 
approach for process cost estimation is proposed. Further, a demonstration of a cost 

estimation modelling approach used for composites manufacturing in the 

automotive sector is provided, outlining the steps in cost estimation model 
development. 
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process cost model. 

1. Introduction 

With the increasing drive to be competitive in ever-changing economic conditions, 

decision support tools are critical to enable the development of new manufacturing 

capability [1]. The ability to estimate costs with sufficient confidence in early phases of 

project provides an essential benefit to prove feasibility of new technologies.  

 

In order to be credible to support decision making and provide decision-makers with 

confidence, the cost estimation process requires sufficient governance. Currently, there 

are many publications that cover cost estimating approaches but very little is published 

regarding cost modelling approaches and governance. This paper explores a process cost 

estimation approach that is based on cost estimation principles as well as a generic 

approach for cost estimation modelling. Further, a demonstration of a cost estimation 

modelling approach used for composites manufacturing in the automotive industry is 

provided as a use case. 
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2. Review of existing process cost estimation 

This section covers a review of the existing composites manufacturing process cost 

estimation literature. 

The review of literature uncovered that cost estimation is used in automotive, 

aerospace and renewable energy industries and the main reasons for process cost 

estimation are, supporting business cases [3, 4,10], process benchmarking [5, 6, 7], 

product design [2] and design vs. manufacturing process trade-offs[8, 9].  

Standardised guidelines for cost estimation have been developed by U.S. 

Government Accountability Office (GAO) [13] and National Aeronautics and Space 

Administration (NASA) [14]. The key focus of these guidelines is the information 

required to capture and what processes are needed to provide a reliable cost estimate. 

Evaluation of the credibility of a model is a critical factor to providing robust and fit for 

purpose analysis. Multiple authors agree that there is a limited number of reviews that 

compare the methods used in different cost estimation models [11, 12]. One of the 

challenges in cost estimation is the evaluation of the reliability of the approach taken to 

build the model.  

Although standardised guidelines for cost estimation are defined, there is a lack of 

published methodologies for developing models that support cost estimation. The 

development of models to support cost estimation requires a further level of 

understanding. An assessment of existing studies (Table 1) identified that it is a challenge 

to ascertain a standardised cost modelling approach, as the described approach is often 

incomplete. 

Table 1. Assessment of existing cost estimation approaches for composites manufacturing for approach 

completeness 

Author What is 

the 

business 

question

? 

What is the 

scope of the 

estimate 

model? 

What data 

is 

required? 

What and 

how is the 

estimate 

delivered? 

How is the 

estimate 

evaluated? 

What and 

how is 

analysis 

performed

? 

Number 

of sections 

covered 

Shehab [5] x x x x x x 6 

Hagnell and Akermo [6] x x x   x 4 
Haffner [8] x x x x  x 5 

Fuchs[3] x  x x x x 5 

Cheung[10] x x  x   3 

Curran[11] x x x x x x 6 

Schubel [4]  x x x  x 4 

Mårtensson[2] x x x   x 4 

Turner[7] x x x   x 4 

Hailian [9]  x  x  x 3 

Total 8 9 8 7 3 9  

 

 The challenges to ascertain the cost estimation modelling approaches are that [8, 4]:  

• focus is usually on the case study and application, and not on the approach  

• focus on different scopes (i.e. different product lifecycle phases are considered)  

• there is confidentiality around data 

• models are often specific to the application and the subjectivity of the cost 

estimator 

In order to support the standardisation of the model development, a generic approach 

for cost estimation is presented in the next section of this paper. 
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3. Generic cost estimation approach 

This section outlines a generic approach for cost estimation modelling for automotive 

composites manufacturing. It consists of steps outlined in Table 2.  

Table 2. Generic Approach to the Development of Cost Estimation Models 

Cost Estimation 

Phase 

Definition 

Requirements Capture 

 

Build an understanding of the aim of the estimate by capturing the business 
questions and the client requirements 

Concept Model 
Develop a concept model capturing the model scope, boundaries and 

assumptions 

Model Development 
Build the model using best practice principles 

Testing 
Validate and verify the model to determine it is fit for purpose 

Analysis 
Populate the model with appropriate, reliable, referenced data. Specify the 

type of analysis performed. Evaluate the resulting estimate and produce 

suitable reports 

 

4. Use case 

Based on the generic approach steps, a cost estimation model for composites 

manufacturing in the automotive industry has been developed. The use case was focused 

on supporting a business case for manufacturing components using novel processes. The 

approach is outlined in Figure 1.   

 

Requirements capture

Concept Model

Model development

Testing

Analysis

Data Collection

Input sheet

 Manufacturing 
processes

Cost categories 

Vanguard software

Tree map

Business question
Requirements 
Specification 

Workshop with data 
owners

Input sensitivity

Cost vs. Volume analysis
Capacity analysis

Uncertainty analysis  
Figure 1. Use case methodology aligned with the generic approach. 

The key business questions, for the use case, were defined as: What is the cost 

per part per process?; How does the cost per part compare with different processes?; 

Which technology is cost-effective at different volumes?; What level of investment is 
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required for different processes?. The key performance indicator (KPI) has been 

identified as: cost per part produced per manufacturing process.  

The process cost estimation concept model has been developed and visualised 

in a form of a tree map, provided below in Figure 2. 

Part cost per 
Process 1 

Part cost per 
Process N

Cost model 

P1 Direct 
cost

P1 Overhead 
cost

% of Direct 
cost

Manufactuirng 
Burden rate

General 
Burden rate

P1 Material 
cost

P1 Process 
cost

P1 Maintenance 
cost

P1 Scrap rate
P1 Capital 

cost

P1 
Consumable 

cost  
Figure 2. High level structure of a process cost model 

Next, standard data inputs templates for scenarios have been developed 

covering assumptions and references to data sources.   

The use case process cost estimation model was developed using Vanguard 

Studio software.  For testing, a number of activities have been carried out: testing of the 

key functionality – sensitivity analysis on inputs; a workshop with key stakeholders, 

including the end user of the analysis, in order to validate the existing cost estimation 

model against the concept model.  

The analysis of 4 composite manufacturing processes for a specific component 

in the automotive industry has been carried out, providing the following outputs: key 

cost drivers, sensitivity analysis, cost volume analysis and uncertainty analysis. Figures 

3 and 4 provide snapshots of analysis. Cost volume analysis (Figure 3) provide ability 

to compare the impact of process scalability on cost, which can support process 

selection suitable for different scales of production. Uncertainty analysis (Figure 4) 

focuses on exploring how data uncertainty affects cost of part manufacturing by 

different process. This type of analysis allows to see what is a possible cost range that a 

part could cost.     

 
Figure 3. Cost vs. volume analysis           Figure 4. Uncertainty analysis example 

5. Conclusions 

In this paper, cost estimation guidelines were linked to modelling best practice to create 

a generic approach for cost estimation model development. The generic approach 

consists of 5 key steps: requirements capture, concept model, model development,  

testing, points and analysis. This approach can serve as a check list for estimators in 
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ensuring that when developing and using models, appropriate level of detail for 

completeness is included. 

The approach has been demonstrated on a use case of cost estimation for 

composites manufacturing for the automotive industry. Each step from the generic 

approach to cost estimation modelling has been outlined and then demonstrated via the 

use case. The use case provides insight into a practical application of the generic cost 

estimation modelling approach, using suitable detail so that the approach can be 

evaluated in terms of its credibility. 
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