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1. EXECUTIVE SUMMARY 

 

 

 

Todayôs marketplace for power generation is 

highly competitive and covers a diverse range 

of products and technologies. A growing 

concern about the efficient use of resources 

and the reduction of emissions is going to have 

a lasting impact on future developments within 

the industry.  

 

The main goal of this study, which was 

conducted by KPMG on behalf of MAN Diesel 

& Turbo SE, is to investigate engine-based 

power plants based on four distinct criteria: 

technological advancement, energy and 

environmental policy and impact, cost 

effectiveness, and flexibility. The actual 

findings are being compared with the current 

image of the engine technology while 

competing alternatives such as coal-, nuclear-, 

or gas turbine-based power plants are looked 

at as well. 

 

The study shows that there is a very broad 

spectrum of different factors that needs to be 

considered when evaluating different power 

plant options and highlights the importance to 

make evaluations on a case-by-case basis. 

Following are some of the key findings of the 

study.  

 

The most current solutions for engine-based 

power plants being sold on the market today 

certainly represent advanced technology. 

However, due to engineôs long lifetimes (20 

years and above) and the fact that they have 

experienced continuous advancements over 

the years, plants in operation today can vary 

greatly in terms of their technological 

advancement. 

 

When it comes to environmental impact, the 

ability to run on various fuels (e.g. liquid bio-

fuels, gas and oil derivatives), a low water 

consumption rate for cooling purposes and the 

option to form hybrid solutions with renewable 

energy plants (e.g. wind, solar or hydro power) 

are key advantages of engine-based plants. 

Nonetheless, the majority of such plants today 

still run on oil derivatives. And while the use of 

fossil fuels always produces some amount of 

emissions, oil derivatives generally create 

more emissions than alternative fuel types. 

Hence, the best available technology as well 

as the best fuel type available should be used 

when operating fossil-based power plants. 

 

Especially considering the growing concern 

about the responsible use of resources, 

engine-based solutionsô comparatively high 

efficiency rates are a certain advantage when it 

comes to cost effectiveness. On the same 

token, the volatility of the fuel price combined 

with the significance of fuel costs as a cost 

parameter can have a considerable impact on 

long-term calculations for fossil-based 

electricity generation. 
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Flexibility in the context of electricity 

generation and power plants can have various 

meanings. Engine-based solutions rank highly 

in this category due to their favorable part load 

performance, limited susceptibility to external 

influences and the ability to be located in rather 

remote areas or islands. Their low water 

consumption rate, relatively fast construction 

and expansion times and the ability to run on 

bio-fuels further add to that.  

 

As far as future developments are considered, 

a growing concern about the sensible use of 

resources, the need to continuously reduce 

emissions and the developing subject of a 

decentralized energy supply is expected to 

play an increasingly important role. 
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2. INTRODUCTION 

 

 

Objective and Scope 

Main Objective 

The main goal of this study is to provide fact-

based research and analysis on engine-based 

power plants in order to determine whether or 

not the evidence matches with the current 

image of those power plants and the 

respective technology used. The study was 

conducted by KPMG on behalf of MAN Diesel 

& Turbo SE and highlights areas of interest for 

project developers, independent power 

producers (IPP), banks, policy makers, 

consultants and researchers. 

 

In order to do that, the study focuses on 

several key areas and benchmarks as defined 

by MAN Diesel & Turbo SE, the sponsor of this 

paper. It is not the goal of the study to provide 

a detailed or comprehensive analysis or to 

conduct an in-depth technical comparison of 

different power plant types. 

 

To better illustrate the different areas of 

investigation, the study is structured around 

one key and four distinct sub-hypotheses. 

Each sub-hypothesis was derived from the key 

hypothesis and covers a different area 

affecting the image of engine-based power 

plants. Chapter 4 will cover those hypotheses 

in detail. 

 

 

 

 

Scope 

The market of engine-based power plants 

covers a wide and diverse spectrum in terms of 

usage, engine speeds and fuel types. This 

study sets out to examine only engine-based 

power plants, which primarily run on oil 

derivatives, gas, or liquid bio-fuels. This 

includes medium-speed engines with an output 

greater than 0.5 MWmech and power plants 

with a total output of up to 300 MWe. To 

conduct comparisons, the main focus was on 

advanced coal-fired power plants, gas turbine 

power plants (single and combined cycle) and 

nuclear power plants (generally 2
nd 

generation). 

The following sections will provide a brief 

summary of the underlying technology those 

power plants are based on.  

 

Internal Combustion Engines 

Engine-based power plants are generally 

based on Diesel, gas or dual-fuel internal 

combustion engines. To develop a better 

understanding of internal combustion engines, 

several classification methods can be applied: 

 

By Operation Cycle 

Internal combustion engines can be grouped 

into two main categories of operation cycles, 

based on the names of their inventors. Within 

the Diesel cycle, the compression of air and 

the resulting hot temperatures are used to start 

the ignition. Within the Otto cycle, that ignition 
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is initiated by spark plugs inside the cylinder or 

by pilot oil.  

 

By Number of Strokes 

Based on the number of strokes in the cycle, 

there are two and four-stroke engines. Four-

stroke engines have an ignition in every other 

revolution and capture virtually the entire 

market for power plant applications. Two-

stroke engines have one ignition in each 

revolution and are used selectively in power 

plant generation. 

 

Engine Speed 

Another way to classify the engines in question 

is by speed. Low-speed engines have a 

rotation of speed of up to 300r/min and are 

typically two-stroke engines. Medium-speed 

engines which this study is primarily focusing 

on come in between 300r/min and 1000r/min 

and are mainly four-stroke engines. High-

speed engines have a rotation speed above 

1000r/min and are four-stroke engines as well.  

 

Gas Turbines 

Industrial gas turbines and aero-derivative gas 

turbines are the two major types of gas 

turbines available on the market. With 

industrial gas turbines, hot gases from the 

combustion chamber are directed into a power 

turbine that rotates the compressor and the 

generator. That type of gas turbine is 

predominantly used in gas-fired turbine-based 

power plants. Aero-derivative gas turbines, 

generally falling into a lower to medium output 

range, are predominantly used for peaking and 

power reserve applications. Most gas turbine 

applications are based on natural gas. If fuels 

other than natural gas are used, maintenance 

will increase. 

 

Steam Power Plants 

The conventional fossil fuel-fired power plants 

in operation today are based on the Rankine 

cycle. The basic principle of this cycle is that 

water is pumped into a boiler in which it 

evaporates into steam. That steam is then fed 

into a steam turbine that rotates the generator 

to generate energy. Based on steam 

parameters, there are two major types of 

conventional power plants: subcritical and 

supercritical plants. Supercritical plants use 

steam at temperatures of 600-700°C and have 

an efficiency of 40-45%. Subcritical plants on 

the other hand use steam at temperatures 

around 540°C and have an efficiency of 35-

40%.  

 

Nuclear Power Plants 

Thermal reactors can be classified based on 

the types of reactor moderator. Moderators are 

used to reduce the speed of high energy 

neutrons after the fission. Today, graphite, light 

water and heavy water moderated reactors are 

in commercial operation. In the fall of 2009, 

there were 436 nuclear power plants operating 

world-wide, producing a combined total of 

370.260 MWe. At the same time, another 53 

reactors with a combined total output of 47.223 

MWe were under construction world-wide. 
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Historic Developments 

When talking about engine technology and 

engine-based power plants, one name 

immediately comes to mind ï Rudolf Diesel. 

Diesel, the inventor of the Diesel cycle, is one 

of the true pioneers in the field of engine 

development. Born in 1858, his ambitious goal 

was to replace the omnipresent steam engine. 

Today, some 150 years later, we know that his 

invention not only replaced the steam engine  

and smaller steam turbines back in the day, 

but also greatly affected the world as we know 

it today.  

 

The following graph illustrates some of the 

major milestones in history of Rudolf Diesel 

and the development of Diesel engines, which 

in large parts took place at M.A.N. Maschinen-

fabrik Augsburg-Nürnberg AG in Augsburg, 

Germany, today - MAN Diesel & Turbo  SE

 

Historic timeline ïDiesel 

Birth of Rudolf Diesel

Diesel graduates from 

the Polytechnikum in 

Munich, Germany with 

the highest grades ever 

rewarded

Diesel is awarded 

patent No. 67207 en-

titled: 

ñWorking method and 

design for combustion 

enginesò

Diesel starts building his 

first test engine in 

Augsburg, Germany and 

publishes a thesis 

entitled: ñTheory of the 

construction of a rational 

thermal engine to re-

place the Steam Engine 

and other internal com-

bustion engines curr-

ently in Useò

The 2nd Diesel engine 

successfully completes 

testing

Diesel engine receives 

the ñGrand Prixòaward 

at the World Fair in 

Paris, France

First fast-running four-

stroke Diesel ship 

engine

The worldôs first Diesel 

engine power plant 

starts operating in Kiev, 

Ukraine

First Diesel railway loco-

motive successfully tested

Rudolf Diesel dies

1858 1880 1892 1893 1897 1900 1903 1904 1913 1913
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Graph 1: Historic Timeline  

 

Present Situation 

Since its invention in the late 1900ôs, Diesel 

engine technology has become one of the 

great enablers of the modern world ï powering 

everything from trains to cargo ships, cars to 

trucks, and through stationary power plants 

securing the power supply in different locations 

all around the globe.  

Dr. Georg Pachta-Reyhofen,CEO  ïMAN Diesel SE:

50% of World Trade is powered by MAN Diesel engines

Dr. Georg Pachta-Reyhofen,CEO  ïMAN Diesel SE:

50% of World Trade is powered by MAN Diesel engines

 

Source: MAN Diesel CEO on press conference 10.09.2007 
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The market for engine-based stationary power 

plants has strengthened its solid position over 

the past several years. Mainly based on 

medium speed engines, these power plants 

are usually set up to provide reliable electricity 

supply in remote locations, developing 

countries and emerging markets to ensure 

grid-stability and serve peaking needs, and to 

provide an independent and reliable energy 

source for a diverse range of industrial and 

commercial organizations (e.g. utilities, IPPs, 

mining & cement companies, paper mills, etc.). 

While efficiency, flexibility and investment 

costs are typical key criteria when evaluating 

engine-based power plants, regulations and 

environmental aspects are becoming 

increasingly important. Besides national 

regulations, guidelines are set by institutions 

such as the World Bank or the European Union.  

 

Market Information 

Graph 2 shows the total number of medium 

speed units ordered and the total output in MW 

by medium speed units world-wide (one year 

covers a June to May reporting period; e.g. 

2009 = June 2008ïMay 2009). By and large, 

the total MW output of medium speed engines 

followed a pattern consistent with the total 

number of ordered units per reporting period.  

While the order intake grew steadily between 

2003 and 2008, it significantly dropped again in 

2009. That steep decline of ordered units can 

largely be attributed to the dramatic economic 

downturn that started in 2008 and affected 

economies around the globe. Looking forward, 

the long-term worldwide energy demand is still 

expected to grow further, therefore setting 

positive surrounding conditions for future 

upward developments within this segment. 
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Graph 2: Medium Speed Units Ordered & Total Output 
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3. METHODOLOGY AND SOURCES 

 

 

To compose this study, KPMG has drawn on 

two proprietary sources of data, as well as 

information available in the public domain.  

 

KPMG conducted a series of discursive 

interviews with thought leaders in the 

academic and research community as well as 

high ranking representatives of organization 

and associations in the energy and power 

generation sector. Interview partners of the 

academic and research community often 

owned the chair within their respective 

research domain. Representatives of 

organizations and associations often were 

senior leaders with decision-making power. 

The second source is KPMGôs in-house 

expertise in the areas of energy, utilities and 

manufacturing which were drawn upon in 

several interview sessions.
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4. KEY HYPOTHESIS:  

ENGINE TECHNOLOGY IS CLEANER AND MORE EFFECTIVE THAN ITS 

IMAGE 

 

 

As stated in the introduction, the primary aim of 

this study is to provide fact-based research 

and analysis on engine-based power plants, in 

order to determine whether or not the evidence 

matches with the current image of those power 

plants and the respective technology used. 

The underlying assumption is that in certain 

cases, engine-based power plants are seen in 

a light that might not necessarily reflect the 

actual situation. Guided by this assumption, 

research and analysis was conducted.  

 

To make the analysis more tangible, we chose 

to put a main hypothesis at the center of the 

study, and then derive several key sub-

hypotheses from it. The main hypothesis 

represents the assumption that the image 

might not be accurate enough and also 

highlights two key areas of the investigation ï 

environmental impact and effectiveness.  

 

The main hypothesis is:  

ñEngine Technology is Cleaner and More 

Effective Than its Imageò. 

 

As seen in graph 3, the four sub-hypotheses 

can be seen as the different pieces of a puzzle, 

that together form the main hypothesis. They 

each cover a different aspect of the main 

statement and help defining the specific areas 

of research.  

 

 

They are as follows: 

 

1. ñEngine technology is advanced 

technologyò 

 

2. ñEngine technology and environmental 

awareness are compatible ñ 

 

3. ñEngine technology is cost effectiveñ 

 

4. ñThe use of engine technology increases 

flexibilityò 
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Hypothesis structure

CORE TOPICS

Engine technology is advanced 

technology

Engine technology and environ-mental 

awareness are compatible

Engine technology is cost effective

Efficiency development

Combined cycle

Combined heat & power

Lifetime

Emissions

Carbon dioxide emissions

Fuel flexibility

Water consumption

Combined renewable / engine-based plants

Lifecycle costs (invests and running costs)

Plant efficiency

Plant type selection process

Operating mode

Engine technology is 

clean and effective

SUB HYPOTHESISMAIN HYPOTHESIS

1

2

3

The use of engine technology increases 

flexibility
4
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Graph 3: Key and Sub-Hypothesis  

 

In the following sections, we will test this 

statement through the analysis of the four sub-

hypotheses mentioned above. Where possible, 

we will compare engine-based plants with 

alternative solutions and also provide real-life 

examples to better illustrate the topic.  
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5. SUB-HYPOTHESIS 1:  

ENGINE TECHNOLOGY IS ADVANCED TECHNOLOGY 

 

 

As illustrated in the introduction, the ground-

breaking invention of the Diesel cycle by 

Rudolf Diesel dates back over 100 years. 

Since then, the technology has been 

constantly improved and further developed and 

it is fair to say that the solutions available on 

the market today reflect the most current 

technology that can be used for engine-based 

power plants.   

 

From an image perspective, people that are 

directly involved with this subject are well 

aware of the technologyôs status. However, 

people that are not quite as familiar with this 

topic might not necessarily think that the large 

engines used in power plants represent 

advanced technology. That might be due to the 

fact that the Diesel engine was invented such a 

long time ago or because some might 

intuitively associate certain technologies with 

being advanced or modern while not 

evaluating other technologies. But from a 

technical and economical standpoint, such 

arguments have only limited validity. The 

following sections will have a closer look at 

sub-hypothesis 1 and will evaluate the 

statement from different viewpoints.   

 

 

Efficiency Development 

The thermal efficiency rate of a prime mover is 

one of the key parameters that can be used for 

evaluating its performance. And in general 

terms, it can be defined as the ratio of the 

mechanical engine output and the fuel input. 

Over the past several decades, the efficiency 

of engine-based power plants has continuously 

increased. This steady improvement is based 

on technological advancements within a variety 

of different engine components and has been 

driven by increasing competitive pressure as 

well as certain external conditions (e.g. oil 

crises). The on-going technical developments 

have led to a point where today, a medium-

speed four-stroke engine for example, is able 

to turn approx. 49% of the energy captured in 

the fuel into mechanical work (over 50% for 

low-speed, two-stroke engines; both under ISO 

conditions). From an efficiency standpoint, 

considering the different points mentioned 

above, it can be said that the best available 

technology on the market today can indeed be 

regarded as being advanced. 

 

When talking about technological develop-

ments and efficiency, especially in light of 

current environmental and energy policies, the 

utilization of waste heat needs to be addressed 

as well. The following paragraphs will do that 

by having a closer look at so-called combined 

cycle and co-generation options.  
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Combined Cycle 

While operating Diesel or gas engines, a 

considerable amount of heat from engine 

cooling and hot exhaust gases is produced. 

Rather than releasing that heat into the 

environment, it is an option to direct it into a 

heat-recovery system like a steam boiler where 

it is used to drive a steam turbine that creates 

additional electrical energy. That process is 

called combined cycle and the expression is 

based on the fact that the single cycle of an 

internal combustion engine (e.g. Diesel cycle) 

or gas turbine (Joule/Brayton cycle) is now 

combined with a steam turbine (Rankine cycle). 

A combined cycle considerably improves the 

performance of a power plant. In a Diesel 

combined cycle (engine plus steam turbine), 

the electrical power output can be raised by 

10% without any additional fuel oil 

consumption. As a result, the plantôs total 

output increases accordingly. Gas turbine 

combined cycles show even higher numbers 

when it comes to thermal efficiency and 

electrical output.  

 

 

Combined Heat and Power 

A combined heat and power (CHP) or co-

generation plant also makes use of the waste 

heat from engine cooling that is created. But 

rather than using it to generate additional 

electrical energy, the heat can be used for a 

district heating or cooling network, municipal 

facilities, or industrial processes at local 

companies. Combining a power plantôs 

electrical and heat efficiency in such a way, it 

is possible for the plantôs total efficiency to 

come close to 90%. When considering the high 

efficiency and the range of different uses for 

the combination of heat and electricity, cities 

and communities, independent investors as 

well as industrial companies could benefit 

greatly from such power plants. And looking 

ahead, the use of those options is expected to 

further increase in the future. This is partly due 

to the fact that an increasing number of 

countries is putting regulations into effect that 

promote the use of co-generation applications 

(e.g. Germanyôs Combined Heat and Power 

Act). 

Case study

The co-generation plant in Mouscron, 

Belgium, provides a realïlife example of 

how a plantôs efficiency can be 

maximized through the use of combined 

heat and power. 

The plant, operated by the Belgian 

company Electrawinds NV, is based on 

large medium-speed diesel engines 

producing a total electrical output of 17.7 

MW. 

The total thermal output from exhaust 

gases and coolant reaches 14 MW.

That thermal energy is used for the local 

swimming pool and leisure centre as well 

as space heating and fuel conditioning 

within the plant itself. 

The plant reaches a total efficiency of 

over 85%.

Case study

The co-generation plant in Mouscron, 

Belgium, provides a realïlife example of 

how a plantôs efficiency can be 

maximized through the use of combined 

heat and power. 

The plant, operated by the Belgian 

company Electrawinds NV, is based on 

large medium-speed diesel engines 

producing a total electrical output of 17.7 

MW. 

The total thermal output from exhaust 

gases and coolant reaches 14 MW.

That thermal energy is used for the local 

swimming pool and leisure centre as well 

as space heating and fuel conditioning 

within the plant itself. 

The plant reaches a total efficiency of 

over 85%.

 

 

Especially in todayôs world, the efficient use of 

resources is more important than ever. And as 

the previous two paragraphs have shown, it is 
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possible to further increase the already strong 

efficiency rate of engine-based plants by the 

use of combined cycle and co-generation 

plants. In summary, it can be said that those 

possibilities help solidify sub-hypothesis 1. 

 

 

Lifetime 

The lifetime of an engine needs to be touched 

on as well. Low attrition values of crucial 

engine parts ensure that, especially Diesel 

engines have a long lifetime. But while an 

engineôs durability and long lifetime generally 

supports sub-hypothesis 1, it also sheds some 

light on another aspect related to this subject. 

It also means that a comprehensive 

deployment of the newest and most up-to-date 

versions of the technology can only be 

achieved at a rather slow rate. The effect is 

that the long lifetime, which certainly is a 

positive characteristic, slows down the general 

adoption rate of the newest technological 

advancements, simply because there might be 

no immediate need to replace or upgrade 

existing units or plants. 

 

 

Emissions 

Lastly, the topic of emissions and emissions-

control can add another perspective when 

evaluating sub-hypothesis 1. This subject is 

covered in greater detail in chapter 6, but it is 

also useful evaluating the current status of the 

technology. In the past, engines used in power 

plants have seen consistent further 

development to reduce emissions. Those 

developments can generally be divided into 

two major groups: primary/engine-specific 

measures and secondary/external measures. 

While the first group includes advancements of 

certain engine components (e.g. fuel injection), 

the second group covers all additional 

advancements (e.g. after-treatment of exhaust 

gases). Looking ahead, further advancements 

to reduce nitrogen oxides (NOx), particle 

emissions (PM) or greenhouse gases are 

expected to take place. Similar to the section 

on efficiency development, the conclusion for 

this segment strongly depends on the 

generation of engines or engine-based plants 

that is being considered. The newest 

technology available on the market today can 

certainly be regarded as advanced.  
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Conclusion sub-hypothesis 1 

Several key findings can be derived from the 

different subjects that were covered within this 

section. Over the past few decades, engines 

have experienced a continuous improvement 

of both their performance and emissions 

figures. And while people familiar with this 

subject are well aware of this, others not as 

familiar with it might have a different 

impression of engine-based technology. The 

number of aged products still in operation likely 

adds to a disparate image as well. That goes 

to show that there canôt be a general or all-

embracing answer to sub-hypothesis 1. 

However, if the newest technology available on 

the market today is considered, that sub-

hypothesis can be regarded as validated. 
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