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“DIESEL OR NATURAL GAS, WHICH WAY DO I TURN?” 
Energy customers in today’s economy are asking this question, particularly when exploring technology 
selection for power generation. The answer is not easy to find. There are a multitude of variables that 
influence the type of power generation you should pick for your application, not the least of which is 

determining if you should be generating at all.  

Hurricane Sandy caused power outages for more than eight million utility customers. Hurricane Katrina 
resulted affected more than 1.7 million. Both pale in comparison to the 2003 Northeast Blackout when 50 

million people lost power. All three events exposed the vulnerability of our aging, largely above-ground 
electric grid, and not just from powerful storms. A sagging transmission that faulted on an unpruned started 

the 2003 blackout in northern Ohio.  When viewed from a vulnerability perspective, the ubiquity of power 
availability can certainly be called into question. It is understandable that some organizations would want to 
hedge their bets in order to keep critical systems operational in the event of a sustained outage. These 

back-up measures require additional investment; but how much and what type become the critical decision 
points. 

There are many power generation options that can be explored. This paper evaluates the options of 
natural gas and diesel fuel as they apply to power generation and combined heat and power (CHP) 
applications.  

TECHNOLOGY COMPARISONS

The commercial and operating characteristics of natural gas and diesel fuel are similar across the 
technologies, but the technologies themselves and their associated operating costs can vary significantly. 

The technology that generates the energy necessary to rotate a generator is typically called a “prime 
mover.” Prime movers come in a variety of flavors, but are fundamentally divided into combustion turbines 

or internal combustion (IC) engines (excluding fuel cells or other thermo-chemical generation mechanisms). 
Both can operate on either fuel with liquid fuel based combustion turbines typically being derived from the 
aerospace industries. The variety of technologies supporting power generation swing from jet engines to a 

Chevy “Big Block” and just about everything in between.  

Since either technology can operate on either vaporized liquid carbon-based derivatives or on natural gas, 

the decision on fuel source and technology options centers on the compression ratio’s altitude of 
operations, system efficiencies and emissions. We end up with a comparison of diesel engines to gas 

THE ENERGY GRID IN THE UNITED STATES TODAY IS CERTAINLY 
CONSIDERED UBIQUITOUS. IT WOULD BE DIFFICULT TO FIND AN 
INDIVIDUAL WHO TURNED ON A SWITCH AND DIDN’T EXPECT 
POWER TO BE IMMEDIATELY AVAILABLE, WHETHER IT BE THE 
LIGHTS IN YOUR HOME OR THE PUMPS IN A MANUFACTURING 
PLANT. HOWEVER, A NUMBER OF EVENTS IN THE LAST 15 YEARS 
HAVE CHANGED EXPECTATIONS. 
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engines and gas turbines. As it applies to CHP, there are a substantial number of variables to consider. 
Some of these are provided in the table below to distinguish comparative elements for technology 
selection.  

WHEN COMPARING DIESEL VERSUS NATURAL GAS FUELS FOR POWER 
GENERATION (AS OPPOSED TO TRANSPORTATION), WE ARE ALSO REALLY 
COMPARING DIFFERENT TYPES OF TECHNOLOGIES. CLEARLY, YOUR 
TECHNOLOGY CHOICE DEPENDS ON VARIABLES FROM GEOGRAPHY AND 
CLIMATE TO OPERATIONAL REQUIREMENTS AND SYSTEM LOADING.  

Based on existing applications and parameters, there will be one technology that “fits” better than others 
The application of engine technology is very project specific and, as depicted in the table, widely varied 

when it comes to technology selection for CHP applications.  
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COMPARATIVE ENGINE ADVANTAGES 

 
Diesel advantages versus gas engine 

• Higher Power Density 

• Lower initial install costs 

• Lower weight / kW 

• On line in less than 10 seconds (meets 
NFPA requirements) 

• Very simple and historically proven 
design 

• High level of parts and service available 

• Best where local fuel sourcing is required 

• Excellent transient capability 

• Higher ambient temperature and altitude 

capabilities 

Gas IC engine advantages versus diesel 

• Best fuel efficiency 

• Lowest owning and operating costs 
(especially in high hour applications) 

• Well suited for CHP operation 

• Lower emissions  

• Better suited for variable load applications 

• No local fuel storage requirement 

• Accepts a wide range of gaseous fuels 

• High BTU fuels 

• Low BTU fuels 

 

Gas Engine advantages versus turbine 

• Higher fuel efficiency 

• Lower initial costs for small schemes (<10 
MWe) 

• Better suited for variable load 
applications 

• More tolerant to high ambient conditions 
and high elevations 

• Lower fuel pressure requirement 

• Accept low BTU fuels 

• On line in less than 30 sec 

 

Turbine advantages versus gas engine 

• Well suited for CHP w/large heat to ekW 
ratio 

• Higher exhaust temperature: 480 C / 900 F 

• Low weight & minimal space requirement 

• Very simple design 

• Lower emissions capabilities 

• Less down time per machine 

- Replacement at overhaul 

• Ideal for 24/7 operation 

- Turbines do not like starts & stops 

• Accept high BTU fuels 

- No detonation – low sensibility to MN 

- Can burn low energy fuels as well 

 

Ultimately, the technology selection will incorporate fuel choice as part of the decision-making process 
and, as demonstrated by the above comparisons, the implications of one technology over another vary by 

application and fuel source. If fuel sourcing is not an issue, then the technology considerations will drive 
your decision. In some instances, the fuel source, gas or diesel, is a key consideration. For these situations, 

we offer a comparison of the fuels themselves. 
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FUEL FACTORS TO CONSIDER 

EMISSIONS  
Different fuels emit different amounts of carbon dioxide (CO2) in relation to the energy they produce when 

burned. To analyze emissions across fuels, compare the amount of CO2 emitted per unit of energy output 
or heat content. 
 

 

FUEL Pounds of CO2 emitted per million British 
thermal units (Btu) 

Coal (anthracite)                                        228.6 
Coal (bituminous)                                      205.7 
Coal (lignite)                                               215.4 

Coal (subbituminous)                               214.3 
Diesel fuel and heating oil                       161.3 

Gasoline                                                      157.2 
Propane                                                      139.0 
Natural gas                                                 117.0 

 

The amount of CO2 produced when a fuel is burned is a function of the carbon content of the fuel. The heat 
content, or the amount of energy produced when a fuel is burned, is mainly determined by the carbon and 
hydrogen content of the fuel. Heat is produced when carbon and hydrogen combine with oxygen (O) 

during combustion. Natural gas is primarily methane (CH4), which has higher energy content relative to 
other fuels, and thus, it has a relatively lower CO2-to-energy content. Water and various elements, such as 

sulfur and non-combustible elements in some fuels reduce their heating values and increase their CO2-to-
heat contents. 

 

FUEL SUPPLY 

Consideration of access and availability of fuel is probably the most critical decision you can make and 

should be one of the first. Many projects have failed or needlessly wasted budget because the 
fundamental question of fuel availability was considered too late. Just because natural gas is available to 
the site does not mean that it is available to your project. Consumption of natural gas by an engine or a 

turbine could be significantly different from current consumption levels. As such, while low-pressure, low-
volume gas may be available for your boiler, it does not mean that high volume and potentially high 

pressure gas will be available for your engine or turbine. For technology selections that require a high 
pressure gas stream for operation, additional costs must be considered if volume is only available at low 
pressures. Owners and developers should have detailed discussion with their local gas utility to ensure 

that gas is available at pressure and volume. Some gas utilities may require infrastructure upgrades in 
order to supply the volumes required for on-site power generation and these considerations need to be 

addressed on day one of your project planning. Finally a question that is often overlooked when discussing 
options with the gas utilities is how they handle peak loading conditions for gas supply. Many gas utilities 
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will supplement gas supplies on peak days through propane air blending. The injection of blended propane 
into the gas stream can substantially change the gas quality and Btu content and can dramatically affect 
the operations of your assets.  

 
One the diesel front, there are also numerous considerations. On site fuel storage requires underground or 
above ground tanks certified and regularly inspected under EPA regulation. Variability in fuel quality under 
storage can create operations fluctuations that need to be considered along with fuel availability. Typical 
on-site power generation applications will have, at a minimum, three days fuel storage capacity which takes 

up valuable real estate. Additionally, the stability of the supply chain needs to be considered. While some 
facilities operated seamlessly during Hurricane Sandy, others operated to the limit of their fuel supply and 

then ceased operations because of breaks in the supply chain. Supply lines to replenish diesel fuel to on-
site generators were cut off in the Sandy aftermath. Supply was scarce and demand was high while natural 

gas supply lines flowed seamlessly…until gas supply was ordered shut off by the governor. 

 
AND FINALLY….COST 
The final consideration, or perhaps the first, when comparing on-site power generation technology 
selection is cost of operations, which is largely driven by fuel selection. Historically, both diesel and natural 

gas costs have been extremely volatile with both diesel and natural gas tracking oil prices. More recently, 
due to an abundance of available shale gas, we have seen the influence of oil decoupled from gas prices.  

  

http://ycharts.com/indicators/brent_crude_oil_spot_price/chart/
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As in many instances, volatility presents opportunity and the opportunity for leveraging a new found 
abundance of natural gas is benefitting the market for on-site power generation. Natural gas prices are 
clearly being influenced by shale gas production both nationally and regionally. The impact is especially 

apparent in the Northeastern U.S. whereby regional natural gas prices remain low while distillate fuels 
react to a global economy.  
 

Future natural gas prices will be influenced by a number of factors, including oil prices, resource 
availability, and demand for natural gas 

Projections of natural gas prices are influenced by assumptions about oil prices, resource 
availability, and natural gas demand. In the reference case, the Henry Hub natural gas spot price 
(in 2013 dollars) rises from $3.69/million British thermal units (Btu) in 2015 to $4.88/million Btu in 
2020 and to $7.85/million Btu in 2040 (Figure ES2), as increased demand in domestic and 
international markets leads to the production of increasingly expensive resources. 
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THE ENGINE EQUATION 

PERFORMANCE VS. ENVIRONMENTAL FRIENDLINESS – CAN YOU HAVE BOTH? 
Traditionally, the viewpoint has been that diesel engines provide response, power and longevity, while 

natural gas engines are more environmentally friendly. Although the environmental argument for natural 
gas still holds true, diesel is no longer the clear winner in terms of power and response. Spark-ignited 
(natural gas) industrial engine manufacturers can now optimize the RPM of these engines to make their 

transient response similar to that of diesel. Manufacturers are also producing natural gas units that can 
meet the 10-second startup requirement for backup systems that is traditionally associated with diesel 

engines. 
 
Use of gear-on-gear powertrains or two-pole alternators (as opposed to traditional four-pole alternators) 

has increased the overall performance and power of natural gas engines as well. Manufacturers have 
incorporated stronger, more resilient engine parts, such as hardened valves and seats, to boost 

performance and increase reliability. 
 

In the area of energy density, there is no doubt that diesel has greater peak energy density than natural 
gas-by a factor of more than three (generally 129btu versus 37btu). Even here, there are mitigating factors 
that may tip the scales in favor of natural gas. 

 
Density is impacted by both engine and fuel conditions. A poorly maintained diesel engine, or one running 

sludgy fuel from a fuel tank filled with particulates, likely will outperform a natural gas engine, but it will not 
perform at its peak. 
 

Even more significantly, diesel engines have a sweet spot of 50-70 percent of load, with 80 percent being 
the recommended maximum for long-term prime operation. Running them under a lighter load for long 

periods of time results in wet stacking, a condition that sends unburned fuel and soot into the exhaust 
system. 
 

Operators that run engines under light loads often employ load banks to consume the excess energy. This 
approach reduces wet stacking but can waste a considerable amount of fuel. As an alternative, those 

operators could instead choose natural-gas-powered generators, which burn hotter than diesel engines. 
These engines are less likely to experience problems with unburned fuel, even if they are run at a lighter-

than-optimal load. 
 
 

REDUCING EMISSIONS 
One of the big advantages of natural gas, of course, is that it burns more cleanly than diesel. This 
comparison is exacerbated by the previously cited diesel operating conditions in which wasted fuel 
increases soot and dangerous emissions. 

 
In addition, shortened engine life from wet stacking, light loads, inadequate maintenance and other 
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common diesel generator issues can negatively impact emissions, a negative environmental outcome and 
regulatory compliance challenge.  
 

The new rules require MACT (maximum achievable control technology) emissions controls and GACT 
(generally achievable control technology) management practices for both major sources and area sources 

of HAPs (hazardous air pollutants). 
 
Engine maintenance and condition monitoring must be verified through reporting, and if operators allow 

engines to fall outside acceptable ranges with poor maintenance or fuel conditioning, steep fines can 
result. The fines for not keeping an engine in optimal running condition can quickly eclipse the added cost 

of a natural gas model. Consequently, firms should consider all of these factors before they make an 
engine choice. 

 
 

AND THE WINNER IS….. 
Ultimately, the decision on technology and fuel is based on a number of factors unique to each application 
and location. The process of developing on-site CHP or tri-generation is a complicated intersection of all of 

your operational, financial, commercial and environmental metrics. Each answer must be arrived at 
deliberately and methodically. In general, the statistics demonstrate that: 

• Diesel engines are the best option for lowest initial cost for high-power density, low-hour usage 
(with consideration for on-site fuel storage)  

• Gas engines are the way to go for low-temp CHP, low-pressure gas at high altitude 

• Combustion turbines should be used for large heat/ekW ratio schemes and high pressure steam  

When these general rules of thumb fail to achieve the optimum result, hybrid solutions are certainly 
possible.  
 

The bottom line: “one size does not fit all,” so do your homework. Ask the questions, sweat the details and, 
in the end, considerable benefits can be realized. 
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