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Abstract 
This thesis is written for the Finnish company Wärtsilä and looks into the project 
processes of an EPC solar project and an EPC Engine power plant project to find 
similarities, by looking into both qualitative and quantitative aspects. This is done so that 
Wärtsilä may use the information gained from the engine power plant projects to further 
their solar projects by cutting down the total project time. These comparisons are done 
by collecting data from interviews and from constructing a project network for both 
projects, which is then remade into a linear program, solved, and then evaluated by 
sensitivity analysis and looking into the critical paths and slack times of both networks. 
This data is then used to present a recommendation to Wärtsilä on which activities 
should be prioritised when trying to improve the project time. These recommendations 
include looking into container usage, the installation process of posts and photovoltaic 
panels, as well as allocation of manpower for civil work.  
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Sammanfattning 
Detta examensarbete är skrivet för det finska företaget Wärtsilä och tittar närmare på 
projektprocesserna för ett EPC solkraftsprojekt samt ett EPC Motorkraftverksprojekt för 
att hitta likheter genom att titta närmare på både kvalitativa och kvantitativa aspekter. 
Detta görs så att Wärtsilä kan använda sig av redan existerande information om 
motorkraftverksprojekt till att förbättra solkraftsverksprojekten genom att korta ner den 
totala projekttiden. Dessa jämförelser är gjorda både genom att samla in data från 
intervjuer, samt genom tillverkning av projektnätverk för båda projekten, vilka sedan 
omvandlas till ett linjärprogram som löses samt utvärderas genom sensitivitetsanalys och 
genom att hitta den kritiska vägen för båda nätverken. Denna data är sedan använd till 
att presentera rekommendationer till Wärtsilä på aktiviteter som borde prioriteras vid 
försök att förbättra den totala projekttiden. Dessa aktiviteter inkluderar en undersökning 
av användningen av containrar, förbättra installationsprocessen för poster och solceller, 
samt allokering av personal för det förberedande installationsarbetet.  
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Glossary 
 
EPC – Engineering, procurement, construction. Describes which parts of the project is done 
by Wärtsilä 
 
EPP – Engine power plant 
 
ITP – Inspection and test plans 
 
MW – Mega Watts 
 
Onshore – Activities done in the site country 
 
Offshore – Activities not done in the site country 
 
PV panels – Photovoltaic panels, used in solar 
 
SQP – Site quality plan 
 
SQAD – Site quality assurance documentation 
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1 Introduction 
 

1.1 Problem description 
Wärtsilä has just started entering the solar business and wants to better their solar 
process to gain a competitive edge. The goal for this thesis is to quantitatively and 
qualitatively compare a traditional EPC EPP project with an EPC Solar project going to a 
similar destination and with roughly the same size in amount of MWs.  
 
Based on the comparison, the differences between the EPC EPP and the EPC Solar power 
plant will be described in regard to the planning, in terms of the procurement and 
logistics, and in regard to the operations.  
 
Here it should also be described what can be done for the competitive advantage for 
Solar, and how procurement and logistics can impact on them.  
Based on the comparison, conclusions will be extracted where the main challenges such 
as development areas, key attention points, and key suggestions will be related to the 
critical requirements for a good feasibility study and the correct project execution.  
 

1.2 Problem background 
Wärtsilä Energy solutions is currently entering the solar business and need to know how 
to build a competitive advantage with its procurements and logistics when it comes to 
solar projects.  
 

1.3 Objectives and goal 
The objectives of the project are both to create a model for Wärtsilä that shows how 
different parts of the project impacts the overall project execution, and to do a 
qualitative analysis between a solar project and an EPP project. This information will then 
be used to analyse how to conduct a solar project in an efficient way.  
 
The effect goal is for Wärtsilä to gain a more efficient way of conducting solar power 
plant projects to help them gain a competitive edge in the industry and also hopefully 
reduce operational costs.  
 

1.4 Limitations 
The thesis will only focus on comparing an EPC solar power plant project and an EPC EPP 
projects. The reason for this is that when this thesis was written, there had only been 
one solar project done by Wärtsilä. Some data and names in this report will be omitted in 
agreement with the non-disclosure agreement with Wärtsilä.  
 

1.5 Thesis questions 
 

1.5.1 Main question 
- How can Wärtsilä develop their solar project process to gain a competitive 
advantage in the solar industry?   
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1.5.2 Secondary questions 
- What are the different sources of competitive advantage in EPP and Solar and how can 
procurement and logistics impact them? 
 
- Which competences do Wärtsilä need to have in Procurement and Logistics to build and 
maintain a competitive advantage in solar business?  
 

1.6 Company introduction 
Wärtsilä is a Finnish company established in 1834 and is today a global leader in 
advanced technologies and complete lifecycle solutions for the marine and energy 
markets. Wärtsilä has approximately 18 000 employees in more than 70 countries all 
over the world as of 2016. (Wärtsilä, 2018a) 
 
The company is divided into three businesses; Marine Solutions, Energy Solutions, and 
Services. This thesis will focus on the energy solution side of the company, which stands 
for about 20 % of the company net sales in 2016. (Wärtsilä, 2018a) 
 
On the Energy solution side, they offer an ultra-flexible internal combustion engine based 
power plants, utility-scale solar PV power plants, energy storage and integration 
solutions, as well as LNG terminals and distribution systems. (Wärtsilä, 2018b) 
 
Wärtsilä offers utility scale solar photovoltaic (PV) power plant of 10 MW and above, as 
well as engine-solar PV hybrid power plants. Wärtsilä is the first company in the world to 
offer utility scale hybrid power plants, which unites large fuel based power stations with 
solar PV parks. Engine-solar hybrids help save fuel, resulting in cost savings and 
environmental benefits. (Wärtsilä, 2018b) 
 

1.7 Outline 
This report is divided into several parts. The next chapter describes the method used to 
complete this study as well as a description of the constructed model program. This is 
followed by a theory chapter describing the project networks and the details of the 
different parts of both the solar and EPP project. After this, Chapter 4 presents the model 
results, time functions, and finishes with a small comparison. Chapter 5 describes the 
quantitative comparisons of the two projects while Chapter 6 describes the qualitative 
comparison. Chapter 7 contains a comparison of Wärtsilä solar project and the solar 
business. Chapter 8 contains the discussions and is followed by recommendations to 
Wärtsilä, conclusions and suggestions for continued work.   
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2 Method 
 

2.1 Literature study 
To find and make a suitable solution to this problem, a number of books and scientific 
articles have been read about project management and performance. Finally, this 
resulted in a decision to focus on a project network with a sensitivity analysis. Additional 
articles and books were then read to find suitable information on those areas.     

 

2.1 Interviews  
During the project there were continuous interviews with employees of Wärtsilä, to get a 
better understanding of the different EPC solar and EPP projects and the challenges that 
they face. As a start introductory interviews with personnel from all departments 
involved in the first almost complete solar project were conducted. Here an 
understanding of the project and the challenges faced are made. Later introductory 
interviews for the other projects, both the new solar project and the two EPP projects, 
were conducted as well.  
 
Later in the project supplementary interviews were made with the appropriate people to 
gather supplementary information when needed.  

 

2.2 Modelling 
A model will be created based on the literature, conducted interviews and data supplied 
from the projects. It will help determine the focus activities in a project and help rank 
other activities to see which have more of an impact on the total project time. It also 
gives information on when an activity should start in the project to help hold the 
calculated time.  

3 Theory 
3.1 Networks 
Networks arise in numerous settings and in a variety of guises. Network representations 
are widely used for problems in a number of diverse areas such as production, 
distribution, facilities location, financial planning, project planning – to name some 
examples. (Hillier, Lieberman. p.373) 
A network consists of a set of lines connecting certain sets of points. The points are 
called nodes (or vertices) and the lines are called edges (or arcs, links, or branches). The 
edges may also have a flow of some type, and if this flow is only allowed in one direction 
the edge is said to be directed. A network that has directed edges is called a directed 
network. (Hillier, Lieberman. p.374-375) 
 

3.2 Project networks 
Planning of larger projects often have to take a lot of activities into consideration, and 
every activity takes a given time to complete and might not be able to start before other 
activities have ended. Some activities will be crucial for the projects end point, meaning 
that every delay of one of those activities will result in a delay for the whole project. 
Similarly, there are other activities with a more flexible starting point without affecting 
the overall project timeline. (Lundgren, Rönnqvist, Värbrand. p. 202) 
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To describe the activities above one can use a project network, where every edge 
represents an activity and every node represents the time where one or more activities 
are finished and other activities may start. The direction of an edge in the network 
decides in which order the activities are done. The network also contains a start- and an 
end node for the project. (Lundgren, Rönnqvist, Värbrand. p. 202) 
 

3.3 Critical path 
The fundamental characteristic of all projects is the fact that all involved activities must 
be performed in a well defined order. The critical path method is a way to use this order 
to look further into the planning, scheduling and cost-control aspects of project work. 
The critical path method is based on a parametric linear program with the objective to 
compute the utility of a project as a function of its duration. (Kelley, 1961) 
 
The project duration is the required total time for a project. Since activities on any given 
path must be done in sequence with no overlap, the project duration cannot be shorter 
than the path length. The project duration can however be longer because of an activity 
on the path with multiple predecessors, where that activity must wait on an activity not 
on the path to finish before it can start. The project duration will however not be longer 
than one particular path, the longest path or the critical path. (Hillier, Lieberman. p.415-
417) 
 
The activities on the critical path are the critical bottleneck activities, where delay to 
these activities will result in a delay for the whole project. To reduce the project time, the 
activities in the critical path are the ones to change. (Hillier, Lieberman. p.417)  
The constraints for the given problem have a network structure and the problem is 
equivalent with a shortest path problem. However, we want to find the maximal cost 
(time) for the chosen project. To find the minimal project time we can therefore solve 
the problem, so we find the most expensive route between the first and last node. For 
the activities that are not critical, there is a slack that represents the time this activity 
may be delayed without causing delays to the whole project. (Lundgren, Rönnqvist, 
Värbrand. p. 205) 
 

3.4 Sensitivity analysis 
Borgonovo, Buzzard and Wendell (2018) discuss that after a LP model has been 
formulated and solved, the task comes of testing results and develop managerial insights 
to guide the implementation of the optimal policy. A way to look at this is through 
sensitivity analysis.   
 
With the help of sensitivity analysis one can find the validity ranges of the primal and 
dual optimum. For the primal, we get a validity range for the objective function 
coefficients, while we for the dual get validity for the right hand side elements. Within 
these ranges, both of the optimums won’t change. (Koltai, Tatay. 2011) 
 

3.5 Project descriptions  
For this study the first solar project of Wärtsilä and a similar EPP project was used as 
comparisons. The reason being, as stated in the project description, the goal is to 
compare a traditional EPC power plant (EPP) with an EPC solar project, both going to a 
similar destination, being of roughly the same size and both being fast track. The solar 



 

5 
 

project is a fast track project in an African country, while the EPP project is also a fast 
track project located in another African country. Both projects are of similar size.  
 
Both projects also have the same type of customer, an independent power producer 
(IPP), both have significant health and safety requirements, significant quality 
requirements, and use the same transport subcontractor. (Interview, Project manager 
solar project, 23/1-18)   
 

3.6 Solar projects 
A typical solar project is divided into five different parts. These are Engineering, 
purchasing and procurement, transportation and logistics, installation and 
commissioning. (Interview, Project manager solar project, 15/1-18) 
 

3.6.1 Before project start 
Before starting a project it is important to do the permitting for the project, followed by 
the site investigations. These investigations include geotechnical investigations, 
hydrological investigations, topographical investigations, and pile pull-out tests. The 
investigations are done before the contract is signed to ensure negotiations are 
performed correctly, and the cost for the project can be calculated accurately. 
(Interview, Solar process support, 3/4-18)   
 

3.6.2 Engineering 
The engineering for solar is less complex than the EPP engineering. There is no need for 
mechanical engineering and consideration for, as an example, the weight and vibrations 
for the machines, and the use of oil and fuel. Here Wärtsilä works with engineering 
companies for the material list and design by sharing the technical specifications and the 
contract obligations from the customer.   
 
Engineering for solar is divided into Civil engineering and Electrical engineering, 
respectively, divided into basic and detailed engineering. Both engineering phases can’t 
be completed without the other, since both are dependent on input from the other. They 
are also started simultaneously, but for the solar project, electrical engineering has a 
time frame double the one for Civil engineering, 4 months against 2 months. For Civil 
engineering there is also a need to purchase equipment such as the transformer before 
the detailed engineering starts, as the exact measurements are needed for the final 
designs. (Interview, Civil engineer solar project, 4/4-18) 
 
In the engineering phase there is also a need for the contractors or structure producers, 
to do the structure design for the project. There then needs to be a material list 
produced for all respective engineering activities and corresponding items.  
 

3.6.3 Quality management 
The quality management for the project contains the Inspection and test plans (ITP) 
which involves the equipment. These papers are asked for by the supplier when buying 
the equipment and is a list of the tests performed to ensure quality. Here Wärtsilä 
decides whether or not to send an inspector to witness the tests. Sometimes the 
customer wants to be involved as well.  
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Following the ITP in the quality management is the site quality plan (SQP) and the site 
quality assurance documentation (SQAD) which are made for the beginning of the onsite 
installation work. The SQP are all of the planned tests on the civil and electrical, and a list 
of who will be present and whom will be witnessing them. This plan also mentions the 
SQAD.  
The SQAD is the plan that works as a check list on site and is made based on the scope 
and design of the project to cover all of the activities at site. (Interview, Solar process 
support, 3/4-18)   
 

3.6.4 Purchasing and procurement 
The purchasing and procurement starts with sending out non-disclosure agreements 
(NDA) to the appropriate suppliers. Then a pre-assessment is done for these suppliers, 
and an audit is sent out. This is followed by a request for quote, obtaining the quote and 
the negotiation with suppliers. After this the purchasing order is signed and the 
production of the equipment starts. (Interview, Category manager 13/4-18) 
 
Wärtsilä typically uses 3 to 4 suppliers to get the best negotiable price and to create 
competition between the suppliers. All suppliers need to fulfil and answer to standards 
such as ISO9000 and ISO14000, work with human rights within the company, and not use 
child labour. Customers may also have a saying in which supplier to use, and hopefully 
Wärtsilä has relations with that supplier, otherwise they first need to be approved.  
(Interview, Category manager 15/1-18) 
 
The purchasing order is signed based on the material list. This order contains expected 
delivery time, or when the material is ready at the supplier factory. This delivery time is 
then used to start planning shipments. The list for electrical materials is last to be 
provided, meaning it is the last thing to be purchased and shipped. 
 
Procurement for Solar needs more attention as the suppliers are not the usual ones. 
There is a need to follow up on the delivery time just to follow up or check on the 
progress. This wasn’t done and caused some of the problems with cable delivery in 
China.  
 
Since Wärtsilä is so new in the solar industry, procurement works a bit differently from 
the way of working in a usual EPP power plant project. This process included the strategic 
purchaser to handle most of the connections and negotiation with the suppliers while 
the purchasers’ role mainly was to check that everything was in order. This made it 
important to keep up more discussions than usual, which is more time consuming than 
the way Wärtsilä normally works. (Interview, Project purchaser, 23/1-18) 

 

3.6.5 Transportation and logistics 
The logistics start when the containers are sent to the supplier to pick up the material.  
For the solar project they used the FCA way of working, meaning the supplier is 
responsible for delivery to the custody of the carrier, which is provided by Wärtsilä. Risk 
is transferred as soon as loading has taken place.  
 
For an EPP project the suppliers usually pack the material after the demands set by 
Wärtsilä and the quality integration file, indicating how the packaging should be done. 
For solar the question about how to make a quality integration file was raised, bringing 
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up questions regarding if it should be category specific or supplier specific. But for the 
solar panels in the solar project Wärtsilä did not use the file, instead opting for the 
packaging offered by the supplier. This choice was made based on the supplier market 
knowledge, and the packaging to the most part worked well, with just a few of the panels 
damaged at arrival.  
 
Usually, the suppliers have access to the internal system of Wärtsilä where they can 
make loading lists, and in conventional cases all the information will be there. For solar, 
since the suppliers were new and unfamiliar with the system, no packing lists were 
made. Instead the suppliers had their own packing lists given to the logistics coordinator 
who then remakes them to the correct format for Wärtsilä. (Interview, Logistics 
coordinator, 30/1-18) 
 
For EPC solar projects there are fewer, smaller and lighter equipment than for an EPP 
project, but the volume is much larger. Based on the scope, 95 % of the shipment for 
solar is containers. Sending all equipment at once may cause congestion in for example 
harbours, so good planning is needed. The solar project had over 150 containers and 
since the site is in the middle of a desert, the infrastructure and access to machinery 
were bad. It was also impossible to deliver more than 7-8 containers a day, and even 
though the unloading is done continuously, they take a long time to unload.  
 
For logistics, a scope was made for the work of the logistic providers and then made into 
a request proposal. This process is used for competitive reasons and some time is spent 
comparing the offers from potential suppliers before a decision is made. This is 
continued by interacting with the scope of work before finalising and freezing it.  
 
For the solar project there were about 8-10 places from where the materials were to be 
sourced and sent to the port and by train to the site country and by truck to the project 
sites. These material sites included parts of Europe, Asia and the US.  

 
Some of the biggest problems with the transportation and logistics are the country 
specific problems. In general it is important to take the demands set by the countries of 
destination. When it comes to the specific issues for the project in terms of logistics, it is, 
according to the project controller, “the country that’s the problem, not that it’s solar”.  
 
The site country in the solar project requires third part inspections before the goods are 
shipped and once more when they arrive. This results in a need to keep the finished 
goods at the supplier before an inspector visually checks everything. If the inspection is 
passed, an import license is given. If the goods have all been inspected, the paperwork 
has been done and the inspector has given a satisfactory, the goods may be transported 
to the harbour and destination.  
 

3.6.6 Installation 
The site construction starts with site preparations. The civil work for solar needs a lot of 
preparation since the ground needs to be a certain level of flat. The higher ground is cut 
and the lower filled. 
 
Solar, in comparison to an EPP, needs a larger slot of land but a lot more, smaller, lighter 
foundations. The buildings necessary are also smaller, with perhaps a control room with 
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a switchgear, or maybe a guardhouse. The installation starts with posts (metal beams) 
which is rammed into the ground with a ramming machine to serve as a base for the 
models. Depending on the ground and soil, the posts are put in differently. For hard 
ground the posts are put in with concrete, for softer ground the posts are pounded, or 
rammed, in. For very soft ground the posts are fastened with screws. While the ramming 
continues, the structures begins to be installed.  
 
The cables for the solar power plant need to be installed after the structures but before 
PV modules since it lies hidden in between them.  
 

3.6.7 Commissioning 
The commissioning is divided into pre-commissioning and commissioning. The pre-
commissioning is done as soon as the different individual parts are finished. When all of 
the individual components are finished the commissioning is performed and all of the 
parts of the power plant are tested together.  
 

3.7 EPP projects 
As this process is well known in the company, there will only be a short explanation for 
each step, to later tie into the comparisons between solar projects and EPP projects.  
 
The EPC power plant project is a fast track three engine flexicycle project with a steam 
turbine. A flexicycle project is a project where the main function is to produce electricity 
and increase plant electric efficiency and support the gas utility strategy by combining a 
high efficiency combined cycle mode with a flexible simple cycle mode. (Wärtsilä, 2015 
and Wärtsilä, 2016) 
 

3.7.1 Before project start 
As with the solar projects, before starting an EPP project it is important to do the 
permitting for the project, followed by the site investigations, including geotechnical 
investigations, hydrological investigations, topographical investigations, and pile pull-out 
tests. All of these investigations are done before signing the contract so the negotiations 
are performed correctly and the cost for the project can be calculated accurately. 
(Interview, Solar process support, 3/4-18)   
 
For an EPP it is also of importance to do a road survey to assess road quality and 
accessibility. Since the transport is both break bulk and containers it can be a bit trickier 
to transport and sometimes there might be a need to deconstruct overhang bridges on 
the route as well as mend specific parts of the road or build bridges. (Interview, Logistics 
sales estimator, 28/3-18) 
 

3.7.2 Engineering 
For an EPP project there are three types of engineering, mechanical, electrical and civil. 
These are as well divided into basic and detailed engineering.  
 
For the Mechanical engineering in the EPP project, mostly everything was already known 
from the sales phase, like the number of engines, the fact that the project was flexi cycle 
and the fact that they would use a steam turbine. (Interview, Mechanical engineer, 25/4-
18) 
 



 

9 
 

For the Electrical engineering, usually they use a known supplier for about 80 % of the 
drawings, this also included the site and room drawings. (Interview, Electrical engineer, 
26/4-18) 
 

3.7.3 Quality management 
The quality management for an EPP works the same as the quality management for a 
solar project. The only difference is the addition of the mechanical engineering to the 
SQP. For more information see 3.6.3, quality management under solar.  
 

3.7.4 Purchasing and procurement 
For purchasing and procurement, usually the project purchaser gets  
a list and then buys what is said on there. There is no need for technical knowledge on 
what exactly is bought, as long as the lists are complete. The purchasers role is also to 
negotiate with the suppliers. This includes general terms and conditions and other things 
connected to different legal documents. Discussions could also include liquidated 
damages, intellectual property rights (IPR) etcetera. The ethical part of the discussion, 
like making sure there are no child workers, are done mostly by the category manager.  
The project purchasers’ work is done when the bills and packing costs are payed.  
(Interview, Project purchaser, 23/1-18) 
 

3.7.5 Transportation and logistics 
The main product, the engine made by Wärtsilä, could come from Finland or Italy. The 
shipment is partially heavy equipment, or a break bulk shipment, so this needs more 
advanced shipment plans.  
 
For EPC engine projects there are many components but a small volume. It is hard to 
estimate volumes and look of an order beforehand. Special skill is needed for the 
transport, as well to install these power plants.  
 

3.7.6 Installation 
For EPP the concrete foundations for the buildings, engines and exhaust gas tanks are 
first made. Here they dig deep and put containers for heavy fuel oil, light fuel oil, water 
etcetera. in the foundations with the buildings on top.  
 
For the installation of an EPP power plant, just as for a solar plant, the civil work comes 
first. The foundation is done before the mechanical parts of the installation, followed by 
the steel structures for the building in parallel with the storage tank site erection.  
 
The cables are often put in after the machines, but sometimes it is put in before the 
engine to save time, This might be dangerous as there is a chance for the cables to break, 
but was still chosen for this project since it was a fast track project with a tight time 
schedule. (Interview, Electrical engineer, 26/4-18) 

 

3.7.7 Commissioning 
The commissioning for an EPP project works the same as for the solar project, it is 
divided into pre-commissioning and commissioning. The pre-commissioning is done as 
soon as the different individual parts are finished. When all of the individual components 
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are finished the commissioning is performed and all of the parts of the power plant are 
tested together. 

4 Model program 
 

The model has an input of an excel file with all of the connections, nodes, and times for 
each activity, as well as the exact number of activities.  
 
The variables for the model are divided into an entering node Ei and a leaving node Li , 
see Figure 1, where the entering node is where the connection enters the activity Xi, and 
the leaving node is where the connection leaves the activity. Between the Ei and Li of 
each activity is a connection with the time taken for this activity to be completed. This 
differs between each activity and whatever project is used.  
 
 
 
 

 
 

 
 
 
 
 

 
As seen in Figure 2, between a Li and Ei+k, where Ei+k is a entering node for another 
activity than for Li and k is the difference in the sequence, there is a time of 0. This is 
because of the fact that this connection only symbolises the end of one activity and the 
start of the following activity, which in theory should not have a delay.  
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Figure 1 Project network node setup 

Figure 2 Project network node connections 
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The matrix A used is divided into one section with the different connections inside each 
activity, while the rest is divided into the connections between activities. Added is also 
the constraints that each variable is larger or equal to zero and that the objective 
function f also needs to be larger or equal to zero.  
 
The objective function f is written so that it measures the difference between the leaving 
node L1 from the first activity and the entering node En from the last activity, where 
i=1,2,…,n. 
 
The matrix B contains the times for each activities as well as the zero costs for the 
connections and added constraints.  
 
This is then taken as inputs to the existing function linprog in the programming program 
Matlab, and solved to get the paths and sequences for the inserted project. The linprog 
function uses the dual-simplex method to solve the problem.  
 
To receive the slack for each variable and the critical path, a sensitivity analysis is 
conducted. This is done by manipulating different values in the problem, before running 
them through the linprog solver and analysing the results.  
 

4.1 Mathematical formulation 
The original function to find the critical path is to maximise the time between the first 
entry node and the last exit node. This gives the goal function of 𝑀𝑎𝑥 𝑇 = 𝐿𝑛 − 𝐸1. 
Where T is the total project time. 
 
Since no activity can have negative time, the constraints 𝐿𝑖 ≥ 0 and 𝐸𝑖 ≥ 0 are added.   
 
To get the constraints for the specific time of a node, we have the end activity minus the 
start activity, or 𝐿𝑖 − 𝐸𝑖 ≥  𝑇𝑖  where Ti is the time for activity i 
 
To get the constraint between the activities, we have 𝐿𝑖 ≤ 𝐸𝑖+1, which we can also write 
as 𝐿𝑖 − 𝐸𝑖+1 ≤ 0.  
 
 
 
This gives the equation:  

𝑀𝑎𝑥 𝑇 = 𝐿𝑛 − 𝐸1 
𝐿𝑖 − 𝐸𝑖 ≥  𝑇𝑖 

𝐿𝑖 − 𝐸𝑖+1 ≤ 0 
𝐿𝑖 ≥ 0, 𝐸𝑖 ≥ 0, ∀ 𝑖 

 
Since the linprog function in matlab needs to minimise the function as well as having 
everything in the form 𝐴𝑥 ≤ 𝑏, the equation is instead written as:  
 

𝑀𝑖𝑛 𝑇 = 𝐸1 − 𝐿𝑛 
𝐸𝑖 − 𝐿𝑖 ≤  −𝑇𝑖  
𝐿𝑖 − 𝐸𝑖+1 ≤ 0 

𝐿𝑖 ≥ 0, 𝐸𝑖 ≥ 0, ∀ 𝑖 
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Where we still have 𝐿𝑖 ≥ 0 and 𝐸𝑖 ≥ 0, since multiplying with -1 gives −𝐿𝑖 ≤ 0, −𝐸𝑖 ≤ 0 
which can be rewritten as 𝐿𝑖 ≥ 0, 𝐸𝑖 ≥ 0.  
 

4.2 Inputs 
The inputs for this model used for the comparison and discussion is taken from the 
finished solar project from Wärtsilä as well as the comparable EPP project. These inputs 
are either constants or a function and are presented as number of days each activity 
takes. For the functions this is calculated by adding the number of workers and the 
relations of how the time changes with a changing number of assets. For the constants 
the numbers are simply taken from the times for the Wärtsilä solar project or the EPP 
project.  
 

4.3 Outputs 
The outputs from the program are both the maximum total time for the project, the 
activities without any slack, the activities with slack, and all of the possible critical paths.  
 

4.4 Project network 
The project network was constructed by interviewing different persons somehow 
involved in the project. This includes people such as the project team and people 
involved in engineering, procurement, logistics and installation.  
 

4.5 Deviations  
Some activities discussed in Chapter 3 were deliberately taken out from the model per 
advice from interviewees. These activities include, but are not limited to, the initial 
activities in the procurement phase, such as the non-disclosure agreement (NDA), pre-
assessment, and audit.    
 

4.6 Solar 
The project network for solar is in turn is constructed by dividing the project, as advised 
from the project manager, into the sections Pre, Engineering, Quality management, 
Procurement, Logistics, Subcontracting, and Installation. All of these sections are further 
divided into different activities. The level of detail for all activities have been decided by 
discussing it with the appropriate people.  
 
The project network also involves, for each activity: 
 

• The resources needed, 

• Where these resources might be critical, 

• The drivers, 

• Potential bottlenecks, 

• Type of throughput.   
 

4.7 EPP 
The project network for the EPP project is constructed in a similar way as the solar 
project network, with the same main categories used. These being Pre, Engineering, 
Quality management, Procurement, Logistics, Subcontracting, and Installation. 
The difference instead lies in the activities listed in each section. The level detail here was 
as well decided by discussing it with relevant people.  
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This project network involves the same information as for solar, with the exception of 
type of throughput, as this is mostly known through the experience from the other 
projects done in the almost 30 years of experience of Wärtsilä.  

5 Model results 
5.1 Solar model 
Figure 5 in Appendix 1 shows the solar project network and the corresponding directed 
graph. Because of the amount of nodes and edges in this network, it gives a structure 
that is a bit hard to clearly see. Still one can detect how many of the activities seem to be 
done in parallel, mimicking how it should look like in the real world.  
 

5.1.1 Critical path 
The critical path of the project network received using the data I gathered from 
interviews and the time schedule of the solar project is defined by certain activities from 
the different categories. These activities are the ones which will negatively affect the 
project time if they are prolonged. 
 
Using the actual times for the activities, given that one activity has to be completely 
finished before the next one can start, we get a critical path for the solar project.  
 
The activities that are in the critical path are the permitting, the site investigation, the 
detailed civil engineering, the production of the ITP, the procurement of posts, the 
production of the transformer, the transportation of the transformer, the electrical 
installation, the commissioning of the MV system and the start of the plant. Since the 
production of the transformer is the longest production time in the project, it falls quite 
expected that this activity will be a critical activity.  
 
Because the project network is written so that many activities are done in parallel, the 
critical path is expected to be quite short. What is also interesting to look at is the other 
activities and their slack time. The shorter the slack time is, the more impact this activity 
will have on the total project time.  
 

5.1.2 Slack variables 
The activities that are not critical are those who can start a bit later than scheduled, and 
still not negatively affect the project duration. Using sensitivity analysis, we can get the 
number of days each activity can be moved before it starts to affect the overall project 
time. These times are given as the time between two activities and stay true if only one 
of the activity times is changed whilst the others stay the same.  
 
These times are given using the slightly simplified version of the project I’ve constructed, 
in reality there are more connections in play and these numbers might not give an exact 
representation but can be used more as a guideline to see which activities seem to be 
the least important when speaking about total project time.   
 
The activities that, with the exception of the critical activities, have the most impact on 
the project time as a whole, with a slack of under 20 days is all in commissioning. Namely 
earthing, the LV system and the control system.  
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These activities are followed by the ones that have a slight impact on the project time, 
around 50 days. These are the basic civil engineering, the basic electrical engineering, the 
making of the SQAD, the request and obtaining of quote, the procurement of the 
modules, the production of posts, the transportation of posts, the civil subcontracting, 
the civil mobilisation and site preparations, the making of temporary access roads, the 
foundation, structures, roofing, finishing, levelling and filling, drainage, distributing of 
posts, drilling of posts, and lastly ramming of posts.   
 

5.1.2 Time functions 
To get a more general project network one may use functions and variables instead of 
constants as input for the activity times. Here one only needs to input the expected 
number of days to get the needed manpower, or the expected amount of manpower to 
get the appropriate timespan.  
 
The functions in this section have a focus on the installation part of the project. This is 
because of the fact that these activities are more changeable to added manpower. It is 
also sufficient data to make linear functions from this. Other activities, like purchasing, 
will most likely not be impacted as much by adding more manpower. With the data 
available I was able to make linear functions for some activities connected to the 
electrical installation of the solar power plant.  
 
These functions were for the activities of installing the equipment that I had specifically 
in my project network, or which were otherwise deemed interesting. There are also only 
equations which fit well with the data given, and non-linear relations were not included. 
For all equations, X is the amount of days and Y is the amount of manpower needed.  
 
Table 1: Equations for electrical installation in solar 

Activity Function 

DC cable installation Y=2,125*X-1,25 

Trunk cable installation Y=1,5X 

Harness installation Y=0,5X 

Inverter installation Y=0,6X 

Transformer installation Y=0,2X 

 

5.1 EPP model 
After plotting the project network for the EPP model, one is left with this directed graph 
shown in Figure 6 in Appendix 2. This is slightly easier to comprehend than the one for 
solar, most likely since the solar network is made up of more nodes and edges than this 
one. In this plot it’s easier to see how many of the activities are done in parallel.  
 

5.1.1 Critical path 
For the EPP project, the critical path is derived the same way as it was for solar. It is 
made using the data I gathered from interviews and the time schedule of the specific EPP 
project is defined by certain activities from the different categories. There are multiple 
critical paths given by the program for this EPP, so I’ve chosen to list all of the critical 
activities given. 
 
These are constructing the ITP, all of the procurement, including the request and 
obtaining of quote as well as the obtaining of the cables, turbine, boiler, engines, 
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alternator, base frame, steel structures, storage tank, daily tank, civil material, 
mechanical equipment, and electrical equipment. From the production we have the 
production of the civil material followed by the shipping of the civil material in the 
logistics category.  
 
In the installation the critical activities are making of the foundations, installing the 
turbine, installing the piping, installing the cable ladder and drawing the cables for the 
turbine, the commissioning of the flexi cycle and the handing over.  
 

5.2.2 Slack variables 
Like the activities for solar, the EPP activities that are not critical are those who can start 
a bit later than scheduled, and still not negatively affect the project duration. The times 
are given using the slightly simplified version of the project network I’ve constructed, in 
reality there are more connections in play and these numbers might not give an exact 
representation but can be used more as a guideline to see which activities seem to be 
the least or most important when speaking about total project time.   
 
The activities with a slack of around 20 days, with some as low as 4 days, for the EPP are 
as follows:  
 
The production of the turbine, the production of the base frame, the production of the 
electrical equipment, the shipping of the turbine, the shipping of the electrical equipment, 
the tank erection, the installation of the cable ladders for the tank, the pulling of the 
cables for the tank, and the testing of the tank for commissioning.  
 

5.2 Comparisons 
For both projects it can be seen that the activities in the critical path may not be the ones 
one would necessarily expect as the most important activities. The reason they were 
chosen was since they together create the longest time given their connections. This 
doesn’t mean that there aren’t other activities that may be almost equally important to 
the project time, as seen by the small slack for some of the activities.  
 
There are similarities in how these paths and activities are given, since the look of the 
solar project was influenced by the way Wärtsilä already worked with the EPP projects.  
 
For example, the similar build of the projects gives the making of the ITP as one of the 
activities in the critical path. Parts of procurement, production and logistics are also 
activities that need to be included since these activities are the only link to the 
installation, commissioning and end of the project.  

6 Quantitative comparison of Solar and EPP 
6.1 Time allocation 
For the time schedules for the projects, even though both are fast track, the EPP project 
is 168 days longer than the solar project. The schedule from the EPP project is the final 
schedule for the project but the schedule from the solar project is the (at that time) 
latest schedule that was updated in January 2018. Below follows a comparison between 
the solar project and the EPP project in terms of the time schedules and the amount of 
time used for each activity.  
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Table 2: Schedule comparison of time in percent spent on each activity – Solar vs EPP 
 Solar EPP 

Engineering 32,4 % 80,2 % 

Procurement 56,3 % 47,7 % 

Transport 44 % 46,3 % 

Subcontract 44,6 % 59,4 % 

Installation 72,2 % 72,3 % 

Commissioning 19,6 % 15,8 % 

 
Table 3: Total amount of percent divided by the parts 

 Solar EPP 

Engineering 12 % 24,93 % 

Procurement 20,92 % 14,83 % 

Transport 16,35 % 14,39 % 

Subcontract 16,57 % 18,46 % 

Installation 26,83 % 22,47 % 

Commissioning 7,28 % 4,91 % 

 
 

 
Figure 2 Schedule comparison Solar vs EPP 

Table 2 shows the amount of time in percent spent on each part of the process. This is 
taken from dividing the amount of days for each part indicated on the latest versions of 
both project schedules with the amount of days for the entire project duration. As some 
of the parts are done simultaneously the sum of the percentages will be larger than 100 
%, but it gives an insight in what takes the longest and where the most time is allocated.  
 
As seen in the table, for the solar project the biggest time is spent on the installation. 
This is also about the same time as they have set for the EPP project. For the EPP project, 
engineering has the largest part for time allocation. The percentages for procurement 
and commissioning is slightly larger for the solar project while transport and subcontract 
is slightly larger for the EPP project.   
 
This could possibly have ties to the fact that according to the project manager of the 
solar project, the main point in the project is located during installation while the main 
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point for the EPP project (and other EPP projects) is the engineering part of the project 
according to the project controller for the EPP project. 
 
Table 3 shows the amount of time in percent when taken the total amount of percent 
from the first table and dividing it with the individual percentages.  
Here one can see that the EPP project spends about twice the time on engineering than 
the solar project. The solar project on the other hand spends more time on everything 
else except subcontracting.  
 

6.2 Financial allocation  
For the financial comparison of the projects, they are taken from the latest updated cost 
follow up for each project. The forecast column was used for both projects since, at the 
time this comparison was made, the final actual column for the solar project had not 
been done. The EPP project has about three times as much in the budget as the solar 
project both for the offshore and onshore portions of the project.   
 
Table 4: Offshore financial comparison, money spent on each activity in percent – Solar 
and EPP 

 Solar EPP 

Engineering 1,37 % 7,07 % 

Procurement 76,95 % 76,04 % 

Transport 13,22 % 9,75 % 

Subcontract 0,33 % 0,02 % 

Project and site management 8,13 % 7,12 % 

 
 
 

 
Figure 3 Offshore financial comparison - Solar VS EPP 

Solar EPP

Solar vs EPP, offshore (€)

Engineering Procurement Logistics Subcontract Project & site management
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Table 5: Onshore financial comparison – solar and EPP 

 Solar EPP 

Logistics 9,56 % 8,40 % 

Subcontract 70,20 % 71,54 % 

Civil 45,60 % 38,50 % 

Electrical 24,60 % 28,40 % 

Mechanical 0 % 5,20 % 

 
 

In Table 4, one can see that the EPP project spends a lot more money on engineering 
than the solar project. On the other hand, Solar has a higher spending on the transport 
category.  
 
For Table 5, one can note that solar doesn’t have any mechanical engineering, as well as 
the fact that the money spent on civil engineering is higher.  

7 Qualitative comparison of Solar and EPP 
 

7.1 Engineering 
When looking at the engineering for both projects, some differences arise. For the EPPs 
Wärtsilä has about 30 years of experience in the industry, combined with the fact that 
Wärtsilä also owns the intellectual property of the engines, mean that there usually 
aren’t any bigger problems in the engineering phase of the project. For solar on the other 
hand, there is no own component design for Wärtsilä. It is also a very new industry, and 
they are yet in the know how.  
 
More superficially, one large difference is the absence of mechanical engineering in solar. 
This combined with less different types of parts, means a shorter engineering time for 
solar, something that is also demonstrated in Figure 3.  

Solar EPP

Solar VS EPP, Onshore (€)

Logistics Civil Electrical Mechanical

Figure 4 Onshore Financial comparison Solar VS EPP 
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When it comes to my perceived lessons learned in engineering for the solar project, the 
issues that were most prominent here were, for instance, the lack of knowledge how the 
drawings for a solar project should look like, and what information should be available. 
The lack of knowledge of the industry in general probably also influenced the huge 
interest from the customer when it came to specific details. Both of these issues add to 
the amount of time each activity takes. What can be said after looking at the way the EPP 
projects have developed, is that these issues have a large chance of being remedied just 
by gaining more knowledge in the solar industry.  
 

7.2 Procurement 
A difference between the two projects found in procurement is the fact that the EPP 
projects often work with already known suppliers who have a relation with the company. 
They are often also already familiar with the way Wärtsilä works, for example how to 
properly use the internal systems.  
For Solar, since the industry is so new, there is an inescapability to work with a lot of new 
suppliers. A quickly changing industry also means that a supplier that is here now, might 
not be here in three years, which further adds to the inevitability to working with new 
suppliers.  
 
Supplier capacity is also something that needs to be acknowledged, since no preliminary 
relations means that the supplier is not willing to focus the production to Wärtsilä 
demand. This may result in a need to work with several suppliers to reach the needed 
amount of products. This can be compared to an EPP project, where a supplier who has 
worked with Wärtsilä before may be more inclined to expand and focus the production 
after demands from Wärtsilä. This is in the present possible for the EPP since Wärtsilä 
already has a large market presence in the engine industry, while they still are a 
newcomer to the solar industry.   
 
The lessons that can be learned in procurement are to look further into working with 
suppliers. One of the largest issues were the new suppliers, which brought on the fact 
that they were not familiar with the system used at Wärtsilä, resulting in lists that were 
not filled in properly (Interview, logistics coordinator for solar, 30/1-18).  
This resulted in more work for him, and less smooth transition to the logistics phase, 
since shipping lists were needed for the paperwork needed to get permission to ship to 
the destination country as well as for the paperwork for the obligatory third-party 
inspections. This system unfamiliarity also made follow up more difficult and made 
shipment errors harder to detect before arrival on site. An example of an issue that may 
have been detected earlier, had the correct documents been in place, is the missing 
shipments of material for the installation.  
 

7.3 Logistics 
The logistics in both project types are similar in the way that it’s the transportation of 
material from supplier to site, often by ship. An EPP project uses both break bulk and 
container transportation, while a solar project typically consists of 90 % container 
shipments.  
 
The main suppliers for an EPP are also located mainly in Europe. All generators are 
produced in Helsinki, and the engines are produced either in Vasa in Finland or Italy. 
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When an engine is produced in Vasa, the generators are transported to Vasa and 
connected to the engines in a set and are then transported to the site. If the engines are 
from Italy, the generators are sent to the site and installed directly to the power plant.  
The modules are produced in Finland with parts made in India. The cables are usually 
from Belgium, if they aren’t locally sourced from the site country. The steel frames for 
the buildings are often from Poland. For the other parts of the power plant, there are 
several suppliers in Finland and Europe. (Interview, EPP project controller, 22/2-18).    
 
For a solar project the suppliers are more widespread in Europe and Asia. The cables are 
from China, the panels from Malaysia and one container from the US, and the structures 
from Spain.  
 
For the logistics, things could be improved with the help of better information about the 
material lists and shipments. This could help with issues such as the longer 
transportation from one of the factories in Spain. Here, the material came from a further 
away factory than planned resulting in a missed boat and more costs to send the 
material across Spain to catch the boat further down.  
 

7.4 Installation 
The installation of an EPP power plant is built on the 30 years of experience Wärtsilä has 
in the field. While for solar, where Wärtsilä were completely new, they based the 
installation on a supplier suggestion.  
 
Installation specifically, might be a bit harder to compare between the two projects, as 
they are two very different processes. It might be interesting to look a bit more into the 
way some activities are performed in parallel, but I believe this may mostly be applicable 
to some of the civil work or the later stages of the electrical work and should not be the 
first priority. 
 
For the installation, a lesson to be taken is that Wärtsilä has things to learn in this area to 
make the installation process smoother and faster. As it looks now the installation time is 
higher than the industry average, as discussed further in Chapter 8 about Wärtsilä solar 
project and the solar industry. 
 

7.5 Commissioning 
Commissioning for both projects are done in pre-commissioning, and commissioning. 
Just as installation, since the projects differ quite a bit in the activities, this area might 
not be that interesting to compare further.   

8 Wärtsilä solar project and the solar industry 
Since this solar project was the first solar project at Wärtsilä, it is inevitable that it might 
take longer than the industry standard for a solar project. Still, these standards might 
help to identify which activities might need extra work to speed up.  
When it comes to the electrical engineering, the electrical chief project engineer 
explained that from discussing with other companies and looking at competitors, it 
normally takes 4-6 weeks to finish the electrical engineering for a project. But since this 
was the first solar project for Wärtsilä, this process took about 4 months. One of the 
reasons, he explained, was that there was a need to make templates for quality and 
procedure, and this spent more time than for other projects. As this has already been 
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done once, hopefully this procedure will take less time in the future. (Interview, chief 
project engineer, 26/4-18)   
 
According to a sales support employee (Interview, 6/4-18), who has previous experience 
with the solar industry, the typical timing to build a 15 MW solar plant should be 4 
months, and if the subcontractors are especially efficient, 3 months. Wärtsilä on the 
other hand has put their timetable for 8 months. This shows a gap where there should be 
possibilities to improve. This is especially interesting to look at given the fact that the 
solar industry is turning more into a commodity industry and time therefore is a very 
important competitive tool.  

 
For the solar project in particular, since there was a problem with the rain season during 
construction, there is a bigger chance for delay. According to the sales support 
employee, this may result in a delay of perhaps 1-3 months but adding on that to the 
estimation of 3-4 months for a project without issues, still gives time to spare when 
looking at the 8 month timetable from Wärtsilä. When looking more closely to specific 
activities one can also see an issue with the time. Ramming of posts should be done in 1 
month or less, but is given 3 months of time for the solar project, according to the civil 
engineering manager.  

 
She also mentioned that to save time actual buildings should not be necessary to build, 
and that one should instead use the containers where the material were shipped as 
makeshift buildings. She said “Maybe one building for the substation […] for the others 
just place a container, end of story”.  

 
Here she also mentioned that building this should take no more than 2 months, and for 
the solar project, this according to the Civil engineer for the solar project, is an activity 
which takes 3 months to do, with even a bit more time set in the scheduling.  

 
What should be taken into consideration is the fact that Wärtsilä chose to hire their 
containers for the solar project. It might be of interest to look further into this and weigh 
the options of the cost of buying of hiring the containers vs the cost of the time spent 
constructing buildings. Especially since the buying and using of containers as structures 
seems to be a bit of an industry standard and is also done for the EPP projects.  

 
From her experience she predicted the critical path for engineering should be through 
installation of poles, then modules and followed by skid inverters.  

9 Discussions 
Since the solar project was the first solar project from Wärtsilä it is to be expected that 
there are parts of the project that will be open to improvement. This paper focuses on 
the improvement of time for the project, but this in turn will also help with cost savings. 
As the faster a project is done, the cheaper it would be to hire and pay manpower, 
machines, and similar things used for the project.  
 
This is to be said, there is no guarantee that making certain processes faster will save 
costs, as for example additional manpower might need to be hired to make certain 
activities progress faster, which in turn will result in more costs in form of pay, 
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accommodations etcetera. Here it is important to weigh the need to progress faster with 
the need to save money and make a decision based on what is deemed more important.  
 
Generally, it seems that a big part of the problems for the solar project is the fact that 
Wärtsilä is so new in the industry, and since the industry is so quickly changing this might 
be the case for the next few years. Given this reality, the idea of waiting things out and 
learning things along the way may not be applicable here. Certain activities in the solar 
project, like the ones in the procurement phase, are activities that may be improved time 
wise just by building up routines. That being said, as mentioned from the project 
purchaser for the solar project (interview, 23/1-18), the process for purchasing for solar 
is not that different from the process for purchasing for an EPP, and most of the issues 
were because of the new suppliers that had to be introduced. The more time-consuming 
issues here could be solved as Wärtsilä becomes more involved with different suppliers 
in the solar business.  
How long this could take is debatable, as the quickly changing solar market is a bit 
different from the more stagnant market for engine power plants. Still, a reform in the 
way this is handled could be done by using the experience gained from completed 
projects.  
 
The activities in the logistics phase are also something that might be harder to change. 
Activities such as the sea transport, customs and inland transport are all things that really 
can’t be affected from Wärtsilä’s side. The activities that might be more susceptible for 
improvement are rather the loading and unloading of the material. Here changes that 
could be made are the way the material is packed inside the containers, meaning if the 
material is packed randomly or if it’s packed in the order needed on site. This way of 
packing is mostly interesting if Wärtsilä owns the containers used for shipping. If the 
containers are rented, the way they are packed are of lesser importance as the container 
need to be emptied fast to save money, and the material will be stored elsewhere on 
site.  
 
Here the discussion on whether it is better to buy or rent containers becomes more 
interesting, bought containers may also be used as storage for the equipment, as well as 
a substitution for buildings, as mentioned earlier when talking about what usually 
happens in a solar project. The cost of renting versus buying containers, as well as the 
availability for either options is something that needs to be taken into consideration 
before making this decision. Maybe the offering of actual buildings on site is something 
that can be used as a way for Wärtsilä to differentiate themselves from competitors, if 
the use of container-based housing is as widespread in the solar industry as the 
employee made it seem. Still, the construction of buildings on site are part of the 
activities given by the project network analysis, which may have a slight impact on the 
timeframe of the solar project. It might therefore be worth to look further into this 
matter, both in regards to procurement and logistics, and installation.  
 
Installation in general is the one place where I believe most can be done in terms of 
saving time.  This holds both because the activities in this part of the project mostly can 
be done faster if more resources are added and since there also seem to be a gap 
between the industry standard time for installation and the time Wärtsilä takes for 
installation. This shows that there should be definite space for improvement.  
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From the results of the programming and the critical path, and from the discussions 
about the individual activities, there are some activities in a solar project that should be 
given more focus to better limit the project time. Given the qualitative and quantitative 
study, some of the areas that are the most interesting to look at are the procurement, 
logistics, and installation.  
 
Procurement are the most expensive part, but that is to be expected since almost all of 
the equipment is bought here. A big part of the reason that these activities have taken so 
long is also because Wärtsilä is new in the solar industry and don’t have a good 
relationship with suppliers. Since procurement otherwise, excluding the things bought, is 
almost identical to the process for the EPP I’ve chosen to not include any specific 
activities in this category and instead opt for an continued effort in getting more and 
better relations with suppliers in the industry.  
 
In logistics there are some activities that are more easily influenced than others. These 
activities include, as mentioned above, the packaging and unloading of the equipment.  
 
For the installation, the activities in the critical path and the activities with the least 
amount of slack time gives the ones recommended by the program to focus on to 
shorten the total project time. For the critical path, it contained the installation of the 
electrical parts. Adding on the least slack activities we get a lot of activities for the 
beginning civil work, but also the distributing, drilling and ramming of posts.  
 
This shows that it might be a good idea to think about adding more personnel for the civil 
works in the beginning, as well as for the electrical installation. Of course, on needs to 
keep in mind that Wärtsilä strives to not employ more people than necessary to avoid 
having to let people go in the middle of a project. This and the total costs for the extra 
personnel should be considered.  
 
For the electrical installation, since my model is not in miniscule detail, there aren’t any 
data on exactly which part of the electrical installation should be considered. It is 
important to note that the cable installation for the trunk and DC cables are not involved 
in this category. Still, added electricians should help with speeding things up. It is 
important to consider the same issues as for the civil works, so that issues with personnel 
dissatisfaction and added costs can be avoided.  
 
Going on some of the model results, as well as recommendations from people involved 
in the solar project and my own analysis, I believe it is also important to add the activities 
of installing the posts and PV modules to make the installation more effective. The 
installation of the posts were already a part of the minimal slack activities and I believe 
that the PV modules are a natural part to follow since there isn’t any good in improving 
the post installation speed and not improve the rest of the structure.       
 
Another activity in installation worth looking into is the usage of containers as buildings 
on site. This could cut time and resources otherwise used to erect buildings and refer 
them to other activities, like the civil work mentioned above.    
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10 Recommendations to Wärtsilä 
 
I would like to propose that Wärtsilä gives extra attention to some specific parts of the 
project to help with the continued improvement of the solar process.  
 
These parts include: 
 

• The use of owned containers as storage and housing on site versus the use of 
rented containers just for transport.  
 

• Improvement of the installation time for the installation of posts and PV panels, 
hopefully easing up on needed manpower with an opportunity to let those 
resources be allocated elsewhere.  
 

• To further look into the need to allocate more personnel to the beginning stages 
of the installation process with the civil work. 
 

• To continue working on improving relations with new suppliers and integrate 
them into the internal systems used by Wärtsilä.  

11 Future work 
There are many things that one must take into consideration in reality, but which are not 
included in the model.  
 
Some of these include possible time savings in the logistics phase if the suppliers are 
properly taught the internal systems of Wärtsilä. To model this one must take into 
consideration the time and resources it would take to teach them this as well.  
There is to be said that everyone somehow involved in the internal processes and the 
packing lists mentioned this to be a problem worth considering.  
 
It might also be interesting to further develop the connections between the activities in 
the activity chart. The time I’ve had creating it, and the knowledge I’ve had access to, 
leaves room to further look into the exact time frames for all of the activities and how 
they interact with one another. It is likely this is something that will be clearer the more 
solar projects one have to consider.  
 
The type of throughput is also something worth considering, as the type and amount 
data I’ve had access to limits the chance to properly create accurate functions.  
 
The issues regarding data and access to it is something that has been present all 
throughout the work for this thesis. Reasons for it vary from lack of historical data, issues 
with getting in touch with the right people, issues with how the questions I’ve asked are 
phrased, or simply just lack of data in itself.   
 
To continue the analysis, it might be interesting to look into what happens if you change 
two or more activities simultaneously, and how that affects the total time of the project. 
This might better show how the different activities are connected to each other and how 
to better implement changes in specific activities to improve the project time.  
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Appendix 1 

Figure 5 Project network for solar 
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Appendix 2 

Figure 6 Project network for EPP 


