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Power Generation Options
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Diesel Generator - The Basic System
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Diesel Generators
Why do we use them -
diesel engines make 
great prime movers
• Reliable
• Efficient
• Well understood / Strongly 

developed
• Fuel is easily transported, 

stored, and has high 
energy density



But they are not perfect
• Fuel must be transported 

and stored (Extra costs)
• Environmental damage from 

the plant and fuel transport
• Expensive and variable cost 

of diesel fuel (tagged to price 
of oil and demand)

• Produces emissions – CO2, 
NOx, particulate matter
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Diesel Emission Curve Example

NOx Emissions
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Diesel Ratings
There are internationally agreed definitions of the rating 
levels for diesel engines:
• Standby - Output available with varying load for the 

duration of the normal source of electrical supply. In 
essence it is the "prime overload" condition with no time 
limit for an engine which is normally not operated. 

• Prime - Output available with varying load between 25% 
and 100% of the rating for an unlimited time. The unit can 
be overloaded to 110% of the rating for one hour in 
twelve. 

• Continuous - Output available without varying the load for 
an unlimited time.

If the standby rating were 1000 kW, then a Prime Power 
rating might be 850 kW, and the continuous rating 
800kW.



Diesel Speeds

Multiple generator speeds available –
primarily the lower the speed, the larger 
and longer lasting the unit -
• 600 RPM (60Hz) – Low speed
• 1200 or 1800 RPM (60Hz) – Medium speed
• 3600 RPM (60Hz) – High speed



Variation in Fuel Use
Fuel use with most generators is quite linear, with 
values typically given at several specific loading 
levels – New diesels have better lower load 
efficiency.
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Diesel Engines – Fuel & 
Other Information

Plant efficiency is 
generally measured 
in kW/gal (kWh/l) 
fuel use

As a good rule, a 
well managed plant 
will get between 
13-14 kWh/gal of 
fuel



Diesel Only Power System
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Elements of Power Quality

• Power reliability: Having power when you 
should have it.
– System failures / Unscheduled blackouts

• Power quality: Is the power supplied good 
enough for the needs.
– Voltage and frequency within acceptable limits 
– Ability to supply reactive power needed for motors
– Harmonic distortion – is the sub-cycle quality of 

the power acceptable to loads



Power Reliability
Is the power reliable?

• Driven by system maintenance, designed component 
redundancy, proper plant control and having enough 
capacity on line to meet the load

• All of these are factors that impact diesel plant 
reliability now - plant design, equipment age, and 
experience of station staff play a large part in 
ensuring operation

• Adding wind technology adds more components and 
makes the task more complicated
– Clearly depends on the penetration of the system
– More/new equipment to maintain
– New processes and operational considerations
– More complicated plant management and seasonal dispatch



Power Quality
If the power quality is poor, some loads will be negatively 
impacted and eventually the power plant or generators 
will trip off line – meaning that the lights will go out. 
The prime elements of concern are
• Voltage: Amplitude of the power wave form. Generally 

maintained by the manipulating the electric field of rotating 
equipment (like generators or synchronous condensers) but can 
also controlled using solid state devices such as power control 
units.

• Frequency: Maintaining a balance of power supply and demand; 
to much power the frequency goes up, not enough and the 
frequency goes down. Generally controlled by the throttle of the
diesel but can be implemented through combination of thermal 
loads, dispatchable loads, and power storage.



Power Quality – Continued
• Power Factor maintenance & Reactive Power supply (VAR 

Support): All impedance devices (motors, florescent lighting, 
electronics) require both active and reactive power. The power 
system must be able to provide reactive power and balance 
power factor. Normally done by the diesel but can be assisted or
replaced by capacitor banks, synchronous condensers, or 
advanced solid state power converters. 

• Harmonics Distortion: The quality of the power that comes 
down the line and can impact electronic devices. Most rotating 
machinery provide high quality power harmonics (the power is 
very smooth) but the addition of more low quality loads and low 
quality electronics can increase distortion. This is generally 
addressed in the selection of power electronic equipment 
employed in the design of the power systems and continued 
assessment/tuning.



Maintaining High Power Quality
• Maintaining a high level of power quality 

is dependent on obtaining ways to 
control what is happening. 

• Depends on 
– Configuration
– Type and age of equipment
– System integration



Generator Power Quality Control
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Criteria to Operate Diesel Engine

Need to keep a generator warm or must get 
warm before loading

Maintain minimum load levels – low loads 
mean low operating temperatures – which 
lead to:
• Increased corrosion (corrosives gas and high 

moisture) - wet stacking 
• Coking on cylinder's and exhaust due to 

incomplete fuel burn – cylinder glazing
• Oil contamination (fuel, acid)

Voltage and frequency control break down 
at very low loads



Modern Diesel Control

• Automatic engine startup and shutdown

• Automatic synchronization

• Automatic load (kW) sharing with other diesels

• Soft loading and unloading

• Automatic reactive power (VAR) sharing 



“Waste” Heat

In rough numbers – of the heat content of the 
fuel, this is used to produce:
• 33 % - Electricity (up to ~45% maximum)
• 33 % - Heat out of the stack exhaust
• 33 % - Heat out of the water jacket
• You cant take all of the energy (primarily thermal) but 

up to ~85% total efficiency is possible…
In Alaska you can use the extra heat to heat 
buildings and water.  But everybody should look 
at ways to use this energy.  
• Water purification / desalination
• Ice Making
• Drying (Crops)



Modern Diesel Plants
Seeing much more on modular diesel plants
• Pre-engineered / fabricated containerized systems
• Integrated fuel storage and safety equipment 
• High level of control and monitoring
• Easy diesel replacement
• Concern – May make them harder 

to retrofit in the field

Photo credit: Mia Devine Photo credit: Mia Devine

Alaska Village Electric Cooperative modular diesel plants 
and fuel storage systems



Conclusions
• Diesel is a trusted generation technology that is here 

to stay
• However it is dependent on imported fuels
• Several other options – NG, Propane…
• Although it has been around for a while – technology 

is still improving through advanced control and new 
units should be considered as part of any analysis

• Advanced controls can greatly improve performance
• New integration approaches being worked on: The 

Alaska Energy Authority and Alaska Village Electric 
Cooperative are leading examples of modular diesel 
plant design
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