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Combined Heat and Power: An Untapped Resource 

Introduction	  
  
 This paper explores why combined heat and power (CHP) in general, and biomass CHP 

in particular, are not more widely utilized at the municipal level through district energy systems 

in the U.S. versus other renewable and non-renewable energies. Many of the major issues and 

solutions related to CHP adoption lie within the policy realm, and while there are technical and 

physical factors that are influencing CHP deployment, this paper focuses primarily on specific 

policy and structural issues preventing CHP expansion. To help answer why CHP is not being 

more widely adopted in the U.S., this paper will analyze the basic factors that determine where 

CHP technology is feasible; how the current mixture of energy policies, regulations, and 

incentives is influencing CHP deployment; and compare the historical context of CHP 

development between the U.S. and Denmark. This paper will also argue why the adoption of 

biomass CHP should be preferred over CHP systems that rely on non-renewable fuels. 

 
Figure 1. U.S. Percent Electricity Generated by Primary Energy Source, 2010 (EIA Table 5, 2012). 

 With growing public concern over rising energy costs and the environmental impacts of 

supplying U.S. energy and heating demand, there is a great societal need to find energy 
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alternatives that are economically and environmentally sound. Currently, around seventy percent 

of US electricity generation is met through just two sources: coal (accounting for almost half of 

electricity consumption) and natural gas (which makes up close to twenty-five percent of 

consumption). Unfortunately, these two energy sources (and in particular coal), while widely 

available and economical, carry relatively high environmental costs during their combustion and 

extraction and they are not sustainable. 

 

Figure 2. CO2 Emissions by Sector and Fuel for Years 2008 and 2035 (DOE/EIA, 2010). 

 The heavy reliance on coal to fuel electricity generation in the U.S. has contributed to the 

significant rise in greenhouse gas (GHG) emissions since the 1970s. Carbon dioxide (CO2) is the 

primary GHG related to human activity and has increased by approximately eighty percent 

between 1970-2004 (Berstein et al, 2007). As mentioned earlier, the generation from coal makes 

up almost half of the total electricity consumption in the U.S. Unfortunately, this source of 

energy is also the most polluting and is one of the largest sources of CO2 emissions.  

 If the U.S. and other industrialized countries do not take steps toward cleaner, renewable 

energy sources, CO2 emissions will continue to rise and the effects of climate change could 

threaten the wellbeing of our society. Climate change will likely lead to (or has already led to) 
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precipitation changes (e.g. increased periods of drought), sea level rise, more frequent extreme 

weather events, and ecosystem disturbances. There is a great risk that the U.S. will not be able to 

simply adapt to the effects of climate change. Therefore, urgent actions are needed to help reduce 

the country’s emissions and combat climate change through cleaner burning, more efficient 

renewable technologies (Berstein et al. 2007). 

 Presently, amidst the push to expand renewable energies in the U.S., the focus has largely 

been on promoting solar and wind projects. These projects are obviously beneficial to the 

environment in helping reduce emissions, but it will take a more diverse portfolio of 

technologies to help reduce dependence on foreign oil, reduce energy price volatility, and 

combat climate change. The focus on incentivizing these two technologies in the U.S. means that 

other viable, renewable alternatives appear less attractive as investments and are not being 

utilized to their full potential.  

 CHP is one example of a renewable alternative that does not get as much attention or 

policy support. Currently, U.S. investment in CHP technology is lagging far behind other 

renewable technologies such as wind and solar (Pew Charitable Trusts, 2010). There are very 

few states with much policy support for CHP and even fewer that include incentives for biomass 

CHP (Resource Dynamics Corporation, 2007). According to the Department of Energy, if CHP 

were expanded from its present nine percent share of power production to twenty percent by 

2030, sixty percent of projected carbon dioxide emissions could be avoided, more than one 

million domestic jobs could be created, and 234 billion dollars in new investments would be 

generated (Spur, 2011). 

 The Environmental Protection Agency (EPA) defines CHP (also termed cogeneration) as 

“the simultaneous production of electricity and heat from a single fuel source that can include 
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fossil fuels, biomass, or biogas” (“Opportunities and Resources for Biomass CHP,” 2009). 

Biomass can be thought of as “any organic matter, typically plant-based matter, that is available 

on a renewable or recurring basis. Biomass resources include forest and mill residues, aquatic 

plants, fast-growing trees and plants, and municipal and industrial wastes” (“Biomass CHP 

Catalog of Technologies,” 2007). When fueled through renewable sources such as wood waste, 

CHP technology has many advantages in efficiency, reliability, and flexibility. Cogeneration is 

not a novel technology: it has been around in different forms for over one hundred years and is 

well demonstrated across industrial, commercial, and utility facilities (“Combined Heat and 

Power: Effective Energy Solutions,” 2008). 

 
Figure 3. Total CHP Net Generation by Year (EIA Table 8.2c, 2011). 

  
Figure 4. Total Biomass CHP Net Generation by Year, Wood and Waste (EIA Table 8.2c, 2011). 
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Figure 5. Existing CHP Capacity (“Combined Heat and Power: Effective Energy Solutions,” 2008). 

 Despite CHP’s well-established track record and advantages, it remains underutilized in 

the United States: CHP makes up only around nine percent of power production, and biomass 

accounts for a mere three percent of fuels used in CHP applications (“Combined Heat and 

Power: Essential for a Cost Effective Clean Energy Standard,” 2011). The most rapid growth in 

CHP net generation, as can be seen in Figure 3, occurred between 1990 and 1995. In the last 

fifteen years, however, this growth has remained relatively flat. Similarly, biomass-based CHP 

net generation has remained relatively flat since the 90s, examining Figure 4.  

Overview	  of	  CHP	  
 Use of a combined heat and power system configuration can provide onsite generation of 

electrical and mechanical power, waste-heat recovery used for heating and cooling purposes, 

seamless system integration into the existing infrastructure of various technologies, and thermal 

uses. It can be thought of as an integrated energy system that can be altered to fit the 

requirements of end users (“CHP Basic Information,” 2012). CHP systems can be built to 

produce just five kilowatts (kW), meeting the energy demand of the typical single-family 

household, to as large as several hundred megawatts (MW). 
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 What makes CHP special compared to other electricity-generating technologies is that it 

produces more than one product: electricity, direct mechanical drive, steam or hot water, process 

heating, cooling and refrigeration, or dehumidification (“Combined Heat and Power: Effective 

Energy Solutions,” 2008). For example, CHP plants can use waste heat to drive thermally 

activated absorption chillers or thermally rechargeable desiccant dehumidification equipment, 

which can provide space cooling and dehumidification in the summer (“Introduction to CHP 

Technologies,” 2009). Also, in contrast to conventional central station generation, cogeneration 

is located either onsite or near the ultimate point of consumption (“Combined Heat and Power: 

Effective Energy Solutions,” 2008). 
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Table 1. Prime Mover Technologies Applicable to Biomass (“Biomass CHP Catalog of Technologies,” 2007). 

 Cogeneration does not consist of a single technology but is rather a collection of 

integrated technologies. The components of a CHP system include the prime mover (i.e. the heat 

engine), generator, heat recovery, and electrical interconnection. The prime mover technologies 
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Table 6-1. Comparison of Prime Mover Technologies Applicable to Biomass  

Characteristic 

Prime Mover 

Steam 
Turbine 

Gas/ 
Combustion 

Turbine 

Micro-
turbine Reciprocating 

IC Engine Fuel Cell 
Stirling 
Engine 

Size 50 kW to 250 
MW 

500 kW to 40 
MW 

30 kW to 
250 kW 

Smaller than 5 
MW 

Smaller 
than 1 MW 

Smaller 
than 200 
kW 

Fuels 

Biomass/ 
Biogas-
fueled boiler 
for steam 

Biogas Biogas Biogas Biogas Biomass or 
Biogas 

Fuel preparation None PM filter 
needed 

PM filter 
needed 

PM filter 
needed 

Sulfur, CO, 
methane 
can be 
issues 

None 

Sensitivity to fuel 
moisture N/A Yes Yes Yes Yes No 

Electric efficiency 
(electric, HHV)* 5 to 30% 22 to 36% 22 to 30% 22 to 45% 30 to 63% 5 to 45% 

Turn-down ratio 

Fair, 
responds 
within 
minutes 

Good, 
responds 
within a 
minute 

Good, 
responds 
quickly 

Wide range, 
responds within 
seconds 

Wide 
range, slow 
to respond 
(minutes) 

Wide range, 
responds 
within a 
minute 

Operating issues 

High 
reliability, 
slow start-up, 
long life, 
maintenance 
infrastructure 
readily 
available, 

High 
reliability, 
high-grade 
heat 
available, no 
cooling 
required, 
requires gas 
compressor, 
maintenance 
infrastructure 
readily 
available 

Fast start-
up, requires 
fuel gas 
compressor  

Fast start-up, 
good load-
following, must 
be cooled when 
CHP heat is not 
used, 
maintenance 
infrastructure 
readily 
available, noisy 

Low 
durability, 
low noise 

Low noise 

Field experience Extensive Extensive Extensive Extensive Some Limited 

Commercializatio 
n status 

Numerous 
models 
available 

Numerous 
models 
available 

Limited 
models 
available 

Numerous 
models 
available 

Commer-
cial 
introduction 
and 
demonstr-
ation 

Commercial 
introduction 
and 
demonstr-
ation 

Installed cost (as 
CHP system) 

$350 to 
$750/kW 
(without 
boiler) 

~ $700 to 
$2,000/kW 

$1,100 to 
$2,000/kW 

$800 to 
$1,500/kW 

$3,000 to 
$5,000 /kW 

Variable 
$1,000 to 
$10,000 
/kW 

Operations and 
maintenance 
(O&M) costs 

Less than 0.4 
¢/kWh 

0.6 to 1.1 
¢/kWh 

0.8 to 2.0 
¢/kWh 

0.8 to 2.5 
¢/kWh 

1 to 4 
¢/kWh 

Around 1 
¢/kWh 

�(IILFLHQF\�FDOFXODWLRQV�DUH�EDVHG�RQ�WKH�KLJKHU�KHDWLQJ�YDOXH��++9��RI�WKH�IXHO��ZKLFK�LQFOXGHV�WKH�KHDW�RI�
YDSRUL]DWLRQ�RI�WKH�ZDWHU�LQ�WKH�UHDFWLRQ�SURGXFWV��

6. Power Generation Technologies ���
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that are applicable to biomass include steam turbine, gas combustion/turbine, microturbine, 

reciprocating IC engine, fuel cell, and stirling engine (“Biomass CHP Catalog of Technologies,” 

2007). Table 1 provides a summary of the various prime mover technologies that are applicable 

to biomass CHP. 

 

Figure 6. CHP Capacity by System Type (“Combined Heat and Power: Effective Energy Solutions,” 2008). 

 The two types of CHP configurations with the largest installed capacity in the US are 

combined cycle and steam turbine systems (“Combined Heat and Power: Effective Energy 

Solutions,” 2008). Combined cycle systems comprise approximately half of the installed 

capacity in the U.S. and are commonly used for industrial and utility purposes (“Combined Heat 

and Power: Effective Energy Solutions,” 2008). These types of systems capture high-pressure 

steam produced from exhaust heat and use it to generate power through a steam turbine 

(“Biomass CHP Catalog of Technologies,” 2007). 
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Figure 7. Combined Cycle CHP Configuration (“CHP Basic Information,” 2012). 

 Gas turbine technology with a heat recovery unit is one of the most common combined 

cycle configurations. Gas turbine systems are generally best suited for applications requiring 

large amounts of electricity and heat such as large industrial, utility, or commercial complexes. 

Figure 7 illustrates how the system operates: electricity is generated through an internal 

combustion engine that burns fuel, such as natural gas or biogas, and then heat from the 

combustion system’s exhaust is captured using a heat recovery unit. The recovered steam or hot 

water can then be used as thermal energy to heat or cool nearby buildings. Turbines can generate 

electricity ranging from 30 kW to 250 MW (“Biomass CHP Catalog of Technologies,” 2007). 

 Steam turbines account for about a third of installed capacity in the U.S. and produce 

electricity by converting the steam energy generated in a boiler into shaft power. High-pressure 

steam produced in the boiler powers both the turbine and generator. Because these functions are 

separated, steam turbines are able to utilize a large variety of fuels such as biomass, coal, and 

natural gas. These types of systems can operate at capacities ranging from 50 kW to greater than 

250 MW and are ideal for medium to large scale applications (for example, utility, industrial, or 

institutional sites) that have high thermal demands and where solid or waste feedstocks are 

available to fuel the boiler (“Combined Heat and Power: Effective Energy Solutions,” 2008; 

“Biomass CHP Catalog of Technologies,” 2007). 
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 Similar to the wide variety in technologies and applications for CHP, this type of system 

can also take advantage of a large collection of fossil and renewable-based fuels to generate 

electricity. Natural gas has been the preferred fuel for CHP systems since the 1990s because of 

its abundant supply and relatively cheap price, and it continues to represent fifty to eighty 

percent of capacity additions annually. However, natural gas prices have been more volatile 

since 2001, and developers are increasingly looking to switch to waste or byproduct fuels 

because they can offer very low fuel costs (“Combined Heat and Power: Effective Energy 

Solutions,” 2008). 

 There are a variety of rural and urban biomass-based resources that can be used to power 

CHP systems outside of natural gas. Rural resources include forest residues and wood wastes, 

crop residues, energy crops, and manure biogas. Examples of urban resources include urban 

wood waste, landfill gas, wastewater treatment biogas, and food processing waste. 

 Biomass CHP can be used in a various applications of varying scales with few 

geographic limitations. Biomass CHP can be applied to industrial manufacturers, institutions, 

commercial buildings, municipal facilities, and residential settings (“CHP Basic Information,” 

2012). Close to ninety percent of CHP capacity in the US is used for industrial purposes, which 

include “providing power and steam to large industries such as chemicals, paper, refining, food 

processing, and metals manufacturing” (“Combined Heat and Power: Effective Energy 

Solutions,” 2008). CHP’s heavy use in industry results from the technology being especially 

financially advantageous in situations where there is a high demand for the recovered waste heat 

(Mueller, 2005). 
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Figure 8. Existing CHP Capacity by Application (“Combined Heat and Power: Effective Energy Solutions,” 2008). 

 There are a number of key benefits that are universal across different CHP configurations 

and fuel sources. CHP technologies are very efficient, they can reduce transmission and 

distribution losses, and these systems are very flexible and reliable. Each of these advantages is 

explored in more detail in the paragraphs below. 

 

Figure 9. Standard Power Plant and CHP System Efficiencies (Pawlisch et al., 2003). 

 CHP’s high efficiency is arguably its most important advantage and is related to most of 

its other benefits. As the two diagrams above help illustrate, providing both heat and power 

through the same source (rather than through separate configurations using conventional 

systems) allows CHP to achieve efficiency levels of up to eighty percent. CHP technologies are 

able to achieve these high efficiency levels by capturing and using waste heat that would 

otherwise be dumped into waterways or the atmosphere. By utilizing this waste heat, the amount 

of fuel consumption required to meet thermal energy demands can be significantly reduced. CHP 

systems require less fuel to produce the same amount of energy output compared to non-CHP 
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systems (“Combined Heat and Power: Essential for a Cost Effective Clean Energy Standard,” 

2011; “Economic Benefits CHP,” 2011). 

 Using a district energy system as an example can help illustrate the advantages of CHP 

efficiency. District energy systems supply a city with thermal energy through networks of 

underground piping that provides both heating and cooling to surrounding buildings. A CHP 

system provides an efficient use of excess heat produced from its facilities and rather than 

wasting large quantities of fuel inputs through waste heat, this thermal energy is transferred to 

meet the thermal demands of nearby buildings (“Combined Heat and Power: Essential for a Cost 

Effective Clean Energy Standard,” 2011). Because of economies of scale, it is most cost-

effective to construct CHP in sizes that are greater than five MW, which is why district energy 

systems are an important part in the expansion of CHP adoption (Spur, 2011).    

 CHP can save users a significant amount of money mainly through lower energy bills due 

to the technology’s high efficiency. The high efficiency of CHP technology can provide potential 

energy savings when the capital, fuel, and operation and maintenance costs are compared to 

standard electricity and heating sources (“Economic Benefits CHP,” 2011). According to an 

analysis of ten Midwest case studies, the average yearly savings for utilizing CHP over 

conventional energy supplied by utilities ranged from $200,000 for a smaller system at a hospital 

to $7,000,000 for a large university campus (Mueller, 2005). 

 The higher efficiency of CHP also means that less fuel needs to be burned to heat 

buildings and fewer air pollutants are then emitted. Additionally, relying on biomass to produce 

this heat and power can be seen as environmentally sound because it is a renewable resource that 

does not emit further greenhouse gasses into the atmosphere (“Biomass CHP Catalog of 

Technologies,” 2007). Biomass CHP can provide similar benefits to wind and solar in producing 
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negative emissions versus fossil fuel sources like natural gas and coal (Resource Dynamics 

Corporation, 2007). 

 

Figure 10. Electricity Generation Waste Heat as a Percentage of Total U.S. Primary Energy Consumption (Spur, 2011).    

 Other renewable and non-renewable sources lose a huge amount of efficiency through the 

unutilized waste heat from electricity generation. For example, most coal power plants can only 

reach efficiencies of roughly thirty percent. In total, waste heat from electricity generation 

accounts for approximately twenty-seven percent of total U.S. electricity generation (“Combined 

Heat and Power: Essential for a Cost Effective Clean Energy Standard,” 2011). 

 Additionally, CHP can help reduce the transmission and distribution losses that occur 

when electricity travels through power lines because cogeneration facilities are generally located 

in close proximity to ultimate consumers (“Economic Benefits CHP,” 2011). For example, in a 

district energy application, because the CHP plant is located onsite or near the point of use, the 

normal transmission losses associated with transmitting electricity over long distances from a 

power plant to users is eliminated (“Combined Heat and Power: Effective Energy Solutions,” 

2008).  

 CHP systems are also very flexible and reliable. Compared to more popular renewable 

technologies such as wind and solar that only operate intermittently because of solar and wind 

fluctuations, CHP can operate twenty-four hours a day in any climate or geographical location in 

the US (“Combined Heat and Power: Effective Energy Solutions,” 2008). CHP plants can also be 
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designed for uninterrupted operation no matter what happens to the power grid by utilizing a 

battery-powered starting system, a generator that is able to operate independently from the utility 

grid, and system integration with load shedding (where critical loads matches CHP capacity) 

(“Calculating Reliability Benefits,” 2012). This capability helps reduce the costly effects of 

outages. Further protection against high energy costs is provided through the flexibility of CHP 

systems, and their design ability to use many different feedstocks as fuel, meaning that a facility 

has the ability to switch to a lower cost fuel when necessary (“Economic Benefits CHP,” 2011). 

CHP	  Feasibility	  Requirements	  and	  Cost	  Comparisons	  
 
Characteristic Steam Turbine Gas/Combustion 

Turbine 
Micro-
turbine 

Reciprocating 
IC Engine 

Fuel Cell Stirling 
Engine 

Size 50 kW to 250 MW 500 kW to 40 MW 30 kW to 
250 kW 

Smaller than 5 
MW 

Smaller than 
1 MW 

Smaller than 
200 kW 

Fuels Biomass/Biogas-
fueled boiler for 

steam 

Biogas Biogas Biogas Biogas Biomass or 
Biogas 

Installed Cost 
(as CHP 
system) 

$350 to $750/kW 
(without boiler) 

~$700 to 
$2,000/kW 

$1,100 to 
$2,000/kW 

$800 to 
$1,500/kW 

$3,000 to 
$5,000/kW 

Variable 
$1,000 to 

$10,000/kW 
Operations and 
Maintenance 

Costs 

Less than 0.4 
cents/kWh 

0.6 to 1.1 
cents/kWh 

0.8 to 2.0 
cents/kWh 

0.8 to 2.5 
cents/kWh 

1 to 4 
cents/kWh 

~ 1 cent/kWh 

Table 2. Comparison of Prime Mover Technologies Applicable to Biomass (“Biomass CHP Catalog of Technologies,” 2007). 

 There are two primary categories that influence the economic viability of CHP: operating 

costs (which are affected by efficiency and fuel prices) and capital costs (consisting of equipment 

and installation costs) (“Combined Heat and Power: Effective Energy Solutions,” 2008). Table 2 

provides a more detailed look at the average capital and operation and maintenance costs 

associated with the different prime mover technologies. Steam turbines, which can utilize a wide 

variety of biomass fuels, can generate the largest amount of electricity and have the lowest 

operations and maintenance costs. This helps explain why steam turbine technology has been so 

widely adopted in CHP applications. The primary economic feasibility factors include fuel 
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supply and cost; plant type, configuration, and size; power purchase options and pricing; the 

availability of incentive programs; funding sources; and capital costs (Krishnan, 2011). 

 

Figure 11. Levelized Cost of New Generation, 2016 (Spur, 2011).    

 Levelized cost is a commonly used method to help evaluate the competitiveness of 

various electricity generation technologies. The calculation is a measurement of “the present 

value of the total cost of building and operating a generating plant over an assumed financial life 

and duty cycle, converted to equal annual payments and expressed in terms of real dollars to 

remove the impact of inflation” (“Annual Energy Outlook,” 2011). Looking at Figure 11, in 

terms of cents per kWh, a twenty-two MW biomass CHP plant costs approximately eight cents 

per kWh. This is significantly cheaper than all other power-only renewable energy technologies 

like wind and solar, but is more expensive than some natural gas power-only and CHP 

alternatives. The difference in levelized cost (even though it is slight) between biomass CHP and 

natural gas helps further explain why natural gas has been preferred over biomass for over 

seventy percent of CHP capacity in the US. 
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Figure 12. CHP Levelized Cost Comparison (Spur, 2011). 

 While CHP is not the cheapest alternative in terms of cents per kWh, it is important to 

note that more than half of the cost relates to the initial capital investment. Compared to other 

alternatives, biomass CHP has the cheapest levelized fuel and operation and maintenance costs. 

This implies that while requiring a significant upfront cost, biomass CHP plants can save money 

over time from reduced fuel and operation and maintenance costs. As such, biomass CHP can be 

a cheaper alternative than natural gas in the long run. Maintaining this cost advantage over 

natural gas depends greatly on fuel costs. 

high backup power rates and air emission 
regulations that penalize the additional fuel 
consumption required to generate power 
(compared to just heat production), despite 
the total emissions reductions achieved 
compared with separate heat and power. 
 Economies of scale make it more 
cost-effective to install CHP in sizes above 
5 MW, which is why district energy 
systems are critical to more widespread 
implementation of CHP. These systems 
pool the thermal users to accommodate 
larger, more cost-effective CHP units.
 The total picture for all generation 
resources is summarized in figure 5, 
contrasting the total levelized cost per 
kilowatt-hour for CHP, renewable power-
only, and fossil fuel and nuclear power-
only plants. CHP clearly can contribute 
to reducing power costs but needs policy 
support to help overcome the barriers to 
implementation. 

Fossil Fuel and GHG 
Reduction ‘Bang for the Buck’
 How effective are potential ‘clean’ 
resources in reducing fossil fuel consump-
tion and GHG emissions? Table 2 shows 
net fuel consumption and GHG emissions 
for each resource. Renewable, nuclear and 
WHP consume no net fossil fuel and have 
zero GHG emissions. Coal or natural gas 
generation with CCS have significant fuel 

  District Energy  /  Second Quarter 2011 75© 2011 International District Energy Association. ALL RIGHTS RESERVED.

consumption but will cut GHG emission by 
90 percent if the technology proves effec-
tive as presumed. CHP shows significant 
reductions in net fossil fuel use due to dis-
placement of fuel consumption (presumed 
to be natural gas) that would otherwise be 
required to produce thermal energy. Biomass 
CHP actually shows a net reduction in total 

fossil fuel use because a renewable fuel 
is displacing both power generation and 
thermal production using natural gas.
  Now let’s put the costs together 
with fossil fuel reduction and GHG data 
to determine relative cost-effectiveness 
in reducing fossil fuel consumption and 
GHG emissions. 

Figure 4. Levelized Cost of New Combined 

Heat and Power Generation Resources On Line 

in 2016.
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Figure 5. Summary of Levelized Cost of Generation Resources On Line in 2016.
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Table 2. Fossil Fuel Consumption and Greenhouse Gas Emissions From a Range of Generation Resources. 

  Fossil Fuel Consumption GHG Emissions
  (Btu/kWh) (Metric Tons/MWh)

Nonrenewable Power Only

 Conventional Coal  8,784   0.82 

 Conventional NGCC  6,967   0.37 

 Nuclear  -     -   

 Advanced Coal With CCS *  10,434   0.11 

 Advanced NGCC With CCS *  7,521   0.04 

Renewable Power Only

 Biomass  -     -   

 Onshore Wind  -     -   

 Offshore Wind  -     -   

 Solar Thermal   -     -   

 Large Photovoltaic  -     -   

CHP

 Waste Heat to power  -     -   

 Biomass CHP 22 MW  (767)  (0.43)

 NG Engine CHP 2.5 MW  5,292   0.28 

 NG Engine CHP 5 MW  5,195   0.28 

 NGCC CHP 20 MW  4,492   0.24 

Source: U.S. Energy Information Administration, Updated Capital Cost Estimates for Electricity Generation Plants, 
November 2010, with additional analysis by FVB Energy Inc. consistent with the methodology used in the U.S. EIA study.
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Figure 13. Daily Henry Hub Spot Price, 1994-2006 (Mastrangelo, 2007). 

 Natural gas prices have been very volatile (and more expensive) over time versus 

biomass fuels. Figure 13 highlights the price volatility of natural gas by examining spot prices 

over time at the Henry Hub, which is a central location for U.S. natural gas trading and regarded 

as a representative measure for wellhead prices. As the graph shows, natural gas prices have 

been fairly volatile over time with great variation, especially in the short-term. In fact, electricity 

has historically been the sole commodity group with greater price volatility (Mastrangelo, 2007). 

In comparison, there seems to be general agreement that biomass has an advantage over natural 

gas in terms of fuel cost stability. This implies that it is more likely that biomass fuel sources 

would remain cheaper (or become even less expensive) than natural gas on average in the long-

run (especially as natural gas supplies become more scarce over time) and biomass CHP could 

actually be the more cost effective option. 

 There are a number of situations where CHP can be a particularly attractive energy 

alternative. Much of what makes CHP an advantageous option depends on the nature of 

connected facilities. In order for CHP plants to achieve high levels of efficiency, continuous 

An Analysis of Price Volatility in Natural Gas Markets 
 
 
This article presents an analysis of price volatility in the spot natural gas market, with particular emphasis on the Henry Hub 
in Louisiana.  The purpose is to address whether natural gas prices have been more volatile in recent years and identify 
potential market factors that may contribute to price volatility.  In addition to a first-order autoregressive error model, several 
graphical and statistical tools are used to examine trends and determine influencing factors.  Although there is no 
demonstrated long-term trend in volatility, there are seasonal patterns and volatility is correlated strongly with storage 
dynamics.  This report was written by Erin Mastrangelo.  Questions or comments should be directed to William Trapmann at 
william.trapmann@eia.doe.gov or (202)586-6408.   

 
 
 

Introduction 
 
The subject of price volatility in natural gas markets has 
received increased attention in recent years as the market 
experienced expanding dips and swells in prices while 
overall prices shifted to a higher level (Figure 1).  
Volatility is not defined by the level of prices, however, 
but by the degree of price variation in the market.  
Therefore, increasing natural gas prices do not necessarily 
indicate whether a market is volatile. Given that volatility 
is measured by percent differences in the day-to-day price 
  
 
 
 

 
 
of natural gas, a large price movement at higher prices 
may equate to a comparable level of volatility as a smaller 
price movement when natural gas prices are lower.  
Although volatility is a key measure of natural gas market 
movements and fundamentals, expanding daily price 
movements at any volatility level can have vast impacts 
on traders and consumers of natural gas.  When 
addressing price risk, it can be important to examine 
absolute price movements as well as volatility. 
 
 
  

 
Figure 1:  Daily Henry Hub Spot Price, 1994-2006 
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twenty-four hours a day thermal demand that can be used for space heating and cooling is needed 

(“Economic Benefits CHP,” 2011). Thus, if potential sites are currently utilizing power and there 

is a high demand for both thermal and electric energy, the sites could benefit greatly from a 

combined heat and power configuration (Resource Dynamics Corporation, 2007). CHP 

implementation is most likely to occur when a distributed generation system (DG) is installed at 

industrial facilities that have both electricity and thermal demand and is least likely to occur 

when a biomass project is constructed for utility power generation (Resource Dynamics 

Corporation, 2007). CHP is especially cost-effective when the plants are larger than five MW, 

which is ideal for district energy systems (“Combined Heat and Power: Essential for a Cost 

Effective Clean Energy Standard,” 2011).  

 Just as a CHP plant needs to be near its use site, for a biomass cogeneration project to be 

economically viable, it is critical that the biomass fuel stock be located at or nearby the CHP 

system because hauling costs can be very expensive. Typically, an economically feasible fuel 

supply lies within a twenty-five to fifty mile radius of the site, although the fuel supply radius 

can be as wide as seventy-five miles for larger plants (Krishnan, 2011). It is much easier to 

transport natural gas through pipelines to facilities versus hauling biomass fuel over long 

distances to CHP plants. However, biomass CHP could be a more attractive option in areas that 

are not located near an existing pipeline. Using these nearby fuel resources provides other 

advantages including reduced reliance on polluting fossil fuels by lowering the travel distance 

required for transport, freeing up landfill space by using clean biomass as fuel rather than 

landfilling more of it, and lowering the fees for landfill tipping fees that would otherwise be 

required to dispose of the biomass (“Biomass CHP Partnership,” 2011; Hayter et al., 2004).   
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Figure 14. U.S. Total Biomass Resources by County (Milbrandt, 2005). 

 The importance of an adequate fuel supply nearby cannot be understated because one of 

the primary reasons that biomass power projects fail is due to changes in fuel supply, demand, or 

fuel quality (“Biomass CHP Catalog of Technologies,” 2007). As Figure 14 illustrates, even 

though various biomass resources are widely available throughout the US, their supply and type 

of supply are not evenly distributed across different states. This uneven distribution means that 

biomass CHP is not applicable in all areas. In some cases, there simply will not be enough 

nearby biomass resources to fuel CHP plants in small towns or large cities. In regards to biomass 

fuel supply, key feasibility considerations include the average moisture content, average yield, 

seasonality of the resource, proximity to the CHP plant, other demands on the resource which 

may influence future supply and price, reliability of fuel quality, and weather/climate related 

issues (“Biomass CHP Catalog of Technologies,” 2007).  

 Residues such as byproducts of food, fiber, and forest production, are the lowest priced 

biomass feedstocks that can be used to produce electricity. Wood is the most widely used fuel for 

biomass CHP and the most economic wood sources are residues from manufacturing, discarded 
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wood products, and non-hazardous wood debris left over from construction and demolition.  

“Generating energy with these materials can recoup the energy value of the material and avoid 

the environmental and monetary costs of disposal or open burning.” (“Biomass CHP Catalog of 

Technologies,” 2007). 

 There is great potential for using rural resources of forest residues and wood wastes for 

energy production, but there are a number of important considerations that could make it less 

economically viable. This type of fuel includes forest residues, forest thinnings, and primary mill 

residues. These fuels are generally more costly when compared to coal, but have advantages that 

include reduced risk of high fuel prices through diversification, lower GHGs, SO2, and NOX 

emissions versus coal, and they can be co-fired easily. A barrier to using rural resources is that 

they are unlikely to be located near concentrated populations with high thermal demand. 

Transporting rural resources to CHP plants for use could also be costly in many cases (“Biomass 

CHP Catalog of Technologies,” 2007). 

 

Figure 15. Spatial Availability of Urban Wood Waste (“U.S. Billion Ton Update,” 2011). 
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 Urban wood wastes are widely available across the US and are concentrated primarily in 

densely populated areas. In comparison to rural resources, a great advantage of using urban wood 

wastes is this fuel’s close proximity to population concentrations and district energy CHP 

systems. This type of resource includes yard trimmings, waste from wood construction and 

demolition, site clearing wastes, wood packaging, furniture, and other commercial and household 

wood wastes dropped off at landfills. Yard trimmings provide an especially abundant supply of 

wood at landfills. These trimmings come from residential landscaping and right-of-way trimming 

near road systems, railways, and power lines. Costs for this type of fuel generally range between 

three to twenty-four dollars a ton (“Biomass CHP Catalog of Technologies,” 2007). 

 The cost of wood waste can be lower versus other forms of biomass because using this 

type of fuel for energy production can offset disposal costs that would otherwise be incurred if 

this were landfilled. This means that some of the costs for wood waste can be negative in states 

with high tipping fees for waste disposal (“Biomass CHP Catalog of Technologies,” 2007). 

According to a 2004 Department of Energy study, the average landfill tipping fee in the U.S. is 

around thirty-six dollars per ton of disposed material. If clean sources of biomass residues were 

collected and used as CHP fuel rather than dumped, CHP sites could save significant amounts of 

money through reduced fuel costs (Hayter et al., 2004).  

 Facility size can also have a big impact on the costs of a biomass power project. As a 

CHP project increases in size, the economies of scale are somewhat offset by the increased costs 

of transportation which result from hauling greater loads of biomass over larger distances. There 

is a forty-one percent increase in the average feedstock haul distance every time a facility 

doubles in size (assuming a circular collection area around a biomass plant). However, there is 
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not a linear relationship between this and hauling costs because “the collection area increases 

exponentially as distance increases” (“Biomass CHP Catalog of Technologies,” 2007). 

Greenhouse	  Gas	  Emissions	  
 Amidst growing concern over the effects of climate change, there is an urgent need to 

move away from polluting coal sources and towards cleaner, renewable energy sources. Biomass 

energy has often been neglected as a viable approach to reduce CO2 emissions because of the 

debate regarding whether or not biomass energy is a carbon-neutral technology. Burning organic 

material releases carbon into the atmosphere. However, CO2 was already stored in the plants and 

with proper management, it can be reabsorbed when the biomass is managed sustainably and is 

regrown to convert the CO2 to oxygen. CHP technologies, in general, can reduce fossil fuel use, 

and, consequently, CO2 emissions through their greater efficiencies. However, biomass CHP can 

lead to even larger reductions in CO2 emissions by substituting fossil fuel use with renewable 

sources combined with high efficiency CHP technology (“Combined Heat and Power: Essential 

for a Cost Effective Clean Energy Standard,” 2011). 

 

Table 3. Fossil Fuel Consumption and Greenhouse Gas Emissions by Generation Technology (Spur, 2011). 



 

 23 

 As can be seen from examining Table 3, renewables and nuclear do not rely on fossil 

fuels and therefore have zero GHG emissions. Generation from natural gas and coal combined 

with carbon capture and storage (CCS) technology consumes significant amounts of fossil fuels, 

but could potentially reduce GHG emissions by up to ninety percent. Biomass CHP alternatives 

have lower net fossil fuel use through the displacement in fuel consumption (i.e. natural gas) 

needed for thermal energy production. Because a renewable fuel is displacing natural gas-based 

electricity and thermal generation, using biomass CHP can lead to a net reduction in net fossil 

fuel use and GHG emissions. This is a key advantage of using biomass cogeneration because 

none of the other fuel sources, including natural gas, can achieve this net reduction in CO2 

emissions (“Combined Heat and Power: Essential for a Cost Effective Clean Energy Standard,” 

2011). 

 

Figure 16. Levelized Cost of GHG Reductions for New Generation Sources (Spur, 2011). 

 To measure the cost-effectiveness of biomass CHP in terms of reducing fossil fuel 

consumption and GHG emissions, it helps to compare levelized GHG emission reduction costs 

across different energy sources. In Figure 16, the lower a bar is for a particular technology, the 
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more cost effective it is in terms of reducing CO2 emissions. This graph shows the levelized cost 

of GHG reductions for new generation resources in dollars per metric ton of CO2 in comparison 

to a natural gas combined cycle system. As can be seen, three of the five lowest cost options for 

GHG reductions are CHP applications, and natural gas combined cycle CHP actually shows a net 

savings. Biomass CHP is cheaper when compared to all other renewable options such as solar 

and wind in terms of the levelized cost of fossil fuel and GHG emissions reductions. However, 

natural gas combined cycle CHP is once again the cheapest option out of all the alternatives, 

which helps explain why natural gas maintains such a dominant share over new and existing 

CHP capacity.  

 It is important to note that biomass CHP could gain preference over natural gas for a 

number of reasons beyond what is the cheapest way to reduce GHG emissions. Biomass CHP 

does have the advantage of being the second most cost effective fuel source and it is sustainable 

where as natural gas is not. Sites utilizing natural gas CHP will have to deal with great price 

volatility associated with the fuel. It is also possible that climate change policies could be 

enacted in the U.S. (such as a cap and trade program or through a carbon tax), which would 

make carbon intensive sources of energy (such as natural gas) more expensive relative to 

biomass. This could make natural gas the more expensive option in the long run given its price 

sensitivity. 

Regulatory	  Barriers	  
 Despite all of the purported benefits of utilizing biomass CHP, these types of systems are 

still not being widely used in large part because of numerous barriers and policy disincentives. 

The issues regarding CHP that are consistently written about are directly, or indirectly, related to 

the current energy system structure, regulation, and energy policy incentives that exist in the U.S. 



 

 25 

(Smith, 2008; “Combined Heat and Power: Essential for a Cost Effective Clean Energy 

Standard,” 2011; “Combined Heat and Power: Effective Energy Solutions,” 2008). When 

examining European countries where CHP technology is much more widely adopted (such as 

Denmark), it is clear that major barriers to CHP development are related to energy policy 

differences. To promote growth in this technology the solution, therefore, must come through 

policy change. As will be shown, there are barriers to all forms of CHP technology and fuels 

(including biomass-based CHP), which will be explored first. In addition to these barriers, there 

are also more specific reasons as to why biomass CHP only accounts for three percent of total 

CHP capacity in the US and these will also be identified. 

 As the article “Missing the Spark: An Investigation Into the Low Adoption Paradox of 

Combined Heat and Power Technologies” explains, the three main regulatory issues for CHP 

systems are related to “(a) controlling the air emissions, (b) connecting a CHP system to the 

electric lines of the incumbent utility company and submitting to unreasonable backup power 

tariffs, and (c) complying with local electric, plumbing, and other code requirements” (Mueller, 

2005). 

 The authors of the article performed a logistic regression analysis in order to identify the 

underlying differences of “companies that have evaluated CHP technologies (searchers and 

adopters) versus those that have not evaluated CHP technologies in the past (non-adopters), and 

the underlying differences between companies that have adopted CHP technologies versus those 

companies that have not” (Mueller, 2005). The results of the study found that once companies 

determined that CHP would provide energy savings, the likelihood that they would adopt CHP 

technology was very influenced (negatively related) by how complex they perceived the CHP 

regulatory process to be (Mueller, 2005). This result highlights that it is not enough for CHP to 
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be cheaper than other energy and heating alternatives, opportunity costs associated with the 

regulatory process are also an important factor. Therefore, in order for CHP to become more 

widely used in the US, it is vitally important that these regulatory issues be resolved.  

 One of the primary ways that US environmental regulation can make CHP appear less 

attractive is through their treatment of emissions. The Clean Air Act (introduced in 1970) and the 

Clean Air Act Amendments from 1990 (CAA) introduced the environmental permitting process 

involving emissions from sources such as CHP. There are certain thresholds for air emissions 

under the Clean Air Act CHP systems that exceed these thresholds are required to implement 

certain emission control technologies. The EPA enforces the Clean Air Act and can charge 

permitting fees for CHP sites that are operating above the thresholds for air pollutants (Mueller, 

2005). 

 CHP generally helps lower fuel consumption and emissions of pollutants through its 

higher efficiency levels. The problem is that many environmental regulations such as the Clean 

Air Act place emission caps based on heat input such as pounds per million Btu or exhaust 

concentrations measured in parts per million. Thirty-one states regulate emissions in this manner 

(“Combined Heat and Power: Effective Energy Solutions,” 2008; “Output-Based Environmental 

Regulations,” 2012). This input-based approach to pollutant limits does not take into 

consideration, or encourage, greater efficiency levels or the type of pollution prevention benefits 

gained through the efficiency gains of CHP technologies. Energy efficiency improvements help 

reduce emissions because less fuel needs to be burned to meet the same energy output. Under an 

input-based approach, these emissions reductions are not counted toward compliance. Through 

the lens of this approach, it can appear that CHP increases onsite emissions because it produces 

both electricity and thermal energy onsite. However, in aggregate, CHP leads to a reduction of 
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total onsite and offsite emissions levels. Nevertheless, many environmental permitting 

regulations do not take into account total onsite and offsite emissions reductions, and this creates 

a barrier to CHP expansion (Mueller, 2005). 

 Another primary policy barrier to CHP adoption related to the treatment of emissions has 

to do with state implementation of renewable portfolio standards (RPS). Renewable portfolio 

standards (RPS) is a type of policy that has had a significant impact in increasing biomass CHP 

activity in states such as California and Massachusetts. RPS requires electric utilities to provide a 

certain minimum level of generation using eligible renewable energies by a set date. According 

to the EPA, “The goal of an RPS is to stimulate market and technology development so that, 

ultimately, renewable energy will be economically competitive with conventional forms of 

electric power” (“Renewable Portfolio Standards Fact Sheet,” 2012). RPS mandates encourage 

the development of renewables by creating a market demand for energies such as wind, solar, 

and biomass.  

 Because of the absence of a Federal renewable electricity standard, the requirements for 

RPS programs vary by state in terms of the minimum requirements of electricity coming from 

renewables, timing of implementation, which technologies are eligible, and other policy details 

such as noncompliance penalties. States must, therefore, address a number of primary issues 

when deciding which renewable technologies are eligible under an RPS. For instance, some 

typical issues that states consider are fuels and technology eligibility, whether existing 

renewables can count toward the requirements, geographical eligibility, and determining whether 

central and consumer-sited systems are treated differently. An RPS’ structure (which includes 

“technology tiers” and time horizons for compliance) can affect investor confidence, whether 
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markets are able to develop, and whether investors and developers have opportunities to recover 

capital investments (“Renewable Portfolio Standards Fact Sheet,” 2012). 

 While RPS programs have helped spur the growth in renewable energy capacity such as 

solar and wind, most new renewable energy projects (such as biopower projects) are for electric 

power generation only. Additionally, most state RPS programs do not incentivize biomass fuels, 

CHP, and especially not biomass-CHP projects, meaning that these options are made less 

economically attractive when compared to other renewable options. Thus, most of the projects 

spurred under state RPS are not CHP installations (Resource Dynamics Corporation, 2007). 

 Many states that have an RPS heavily incentivize wind and solar energy projects in 

comparison to CHP biopower. For instance, in some states, power generated by solar and wind 

projects count as more credit or states require that a percentage level of the RPS must come from 

these sources (Resource Dynamics Corporation, 2007). Oregon’s RPS requires twenty 

megawatts of solar power by 2020, and solar counts as double credit. Additionally, Delaware’ 

RPS mandates 3.5% of energy production come from solar and solar counts for triple credit and 

wind has a 1.5 multiplier (DSIRE, 2012). It is common for many state RPS programs to 

incentivize certain renewable technologies more than others by placing them on different tiers. In 

many cases, specific types of biomass fuels are categorized as second tier renewables, meaning 

they are not presented as beneficial or as important as first tier fuels like solar and wind. In other 

cases, states with a small amount of biomass resources available have required that a minimum 

level of the RPS must come from biomass in an effort to help diversify their energy production. 

For instance, Texas’ RPS program provides double credit for new biomass facilities (“DSIRE 

RPS Data Spreadsheet,” 2012; Resource Dynamics Corporation, 2007). Overall, CHP gets 

overlooked because the many utility-owned biomass projects are created with the intention of 
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fulfilling renewable energy requirements. Because the utility operator’s goal is to meet RPS 

requirements through the generation of electricity, in many cases waste heat and steam go 

unutilized (Resource Dynamics Corporation, 2007). 

 Interconnection regulations also affect the deployment of CHP. Interconnection standards 

act as rules (based on connection voltage levels) for connection to the distribution network. They 

set out the application procedures and the technical requirements for connection. Interconnection 

measures can promote CHP by allowing CHP plants to sell excess supply of electricity to the 

grid and to import electricity when a site demands are greater than CHP output (Kerr, 2009). 

 
Table 4. Interconnection and Net Metering State Scorecard (Rose et al., 2009). 

 In general, CHP facilities are required to connect to a utility company’s electric system in 

order to have a backup power source in case the CHP system malfunctions or during 
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maintenance periods. The electric rates (which includes backup power rates) that utility 

companies charge are, in many cases, regulated by state regulatory agencies. Under the current 

policy structure, utility companies are discouraging CHP adoption by requiring “costly and 

unreasonable study fees and upgrades to their electric system from CHP facilities trying to 

connect to their system, and that the backup power rates are set too high and do not reflect the 

benefits of CHP systems to the electric system” (Mueller, 2005). As can be seen in Table 4, 

twenty states currently have interconnection standards scoring either a D or F grades. 

 Inconsistent interconnection standards has led to similarly inconsistent technical 

requirements and time and fee requirements for similar projects between utilities, creating high 

levels of uncertainty (Mueller, 2005). Interconnection issues also prevent wider adoption of CHP 

because the economic feasibility of the system depends on the successful integration with the 

utility grid system as a backup as well as additional power needs or to sell excess power. 

Unfortunately, the wide variability in application processes and fees combined with the differing 

enforcement of interconnection standards means it is very challenging for equipment 

manufacturers to create modular packages, which makes onsite generation economically less 

attractive (“Combined Heat and Power: Effective Energy Solutions,” 2008). 

Historical	  Development	  Analysis	  

United	  States	  
 In order to help understand why CHP in general, and biomass CHP in particular, is not 

being more widely utilized in most of the United States, it helps to go beyond specific policies 

and examine the US’ energy landscape in a historical context and compare this history with a 

country where CHP is more widely used.  
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 During the very early days of the US electric power industry, decentralized CHP plants 

were widely used at industrial and urban centers and constituted the backbone of the electric 

industry. CHP use quickly began to decline, however, as time went on and the power industry 

started to construct large, centralized power-only facilities that could take advantage of growing 

economies of scale (“Combined Heat and Power: Effective Energy Solutions,” 2008). 

 During the 1960s, large, well established, regulated utilities that relied on power-only 

central station plants had complete control over the US electricity market. This meant that there 

was little incentive for utilities to promote customer-sited generation such as CHP. There were 

also numerous federal and state regulatory barriers acting as roadblocks to CHP expansion 

(“Combined Heat and Power: Effective Energy Solutions,” 2008). 

 Then, the oil crisis hit in the 1970s, and partially in response to this crisis, Congress 

passed the Public Utility Regulatory Policies Act (PURPA) in 1978 in an effort to increase 

energy efficiency. This Act also helped encourage energy efficient CHP as well as renewable 

power generation because it required electric utilities to interconnect with certain CHP facilities 

that met a minimum fuel-specific efficiency standard. This meant that interconnected utilities 

had to provide these CHP plants with sufficient standby and backup charges while also 

purchasing surplus electricity from them. Shortly after the passage of PURPA, Congress passed a 

several tax incentives for energy efficient technologies, which included CHP. Among the 

incentives that Congress introduced was a limited term ten percent investment tax credit and a 

shorter depreciation schedule for CHP plants. This combination of regulations and incentives 

drove the expansion of CHP from 12,000 MW capacity in 1980 to 66,000 MW in 2000 

(“Combined Heat and Power: Effective Energy Solutions,” 2008). 
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 Around the time PURPA was enacted, larger, more efficient, and cheaper combustion 

turbines and combined cycle systems were introduced and became widely available. These 

systems could “produce more power in proportion to useful thermal output compared to 

traditional boiler/steam turbine CHP systems” (“Combined Heat and Power: Effective Energy 

Solutions,” 2008). Combining the power purchase provisions that were part of PURPA with 

these new systems led to the establishment of large, merchant plants that were designed to 

generate huge amounts of electricity. Large CHP plants (greater than 100 MW) emerged that 

were more focused on electricity versus heat production and connected to industrial facilities 

(“Combined Heat and Power: Effective Energy Solutions,” 2008). 

 During the mid 1990s, deregulated wholesale markets for electricity arrived which 

represented another shift in the energy environment and the slowing of CHP development. 

Independent power generators were now able to directly sell to the market without needing to 

meet qualified facility status. Lots of states began to restructure their electricity industries 

(“Combined Heat and Power: Effective Energy Solutions,” 2008). 

 Near the end of the 90s and early 2000s, policymakers gained interest in taking advantage 

of the efficiency and CO2 reduction benefits of locally deployed CHP plants and the technology 

gained support from the federal government as well as some states. Specifically, under the 

National Combined Heat and Power Roadmap, the DOE and EPA set a goal of doubling CHP 

capacity in the U.S. to ninety-two GW between 2000 and 2010. This was supposed to be 

accomplished through ambitious actions that would address some of the regulatory barriers 

mentioned earlier in the paper: 

• Raising CHP awareness: National CHP industry-government partnership, federal CHP 

coordination and outreach, and regional and state coordination and outreach. 
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• Reducing regulatory barriers: Output-based standards, streamlined siting and permitting, 

uniform interconnection, fair utility practices, and equitable tax treatment. 

• Developing CHP market and technologies: Commercial buildings; industrial 

manufacturing and processing plants; federal and state government facilities; and district 

energy systems, power parks, and municipalities (“National CHP Roadmap, 2001). 

 In 2001, the DOE set up the first regional CHP application center that would help with 

technical and educational support for CHP and the EPA created the CHP Partnership to promote 

economical CHP development in underutilized markets by helping states develop market 

assessments, help with technical details, and efforts in education and outreach. Some states 

attempted to remove barriers to CHP deployment through policies and incentives such as 

“streamlined grid interconnection requirements, simplified environmental permitting procedures, 

and rate-payer-financed incentive programs for CHP deployment” (“Combined Heat and Power: 

Effective Energy Solutions,” 2008). 

 

Figure 17. Total CHP Net Generation by Year (EIA Table 8.2c, 2011). 

 The Combined Heat and Power Roadmap correctly identifies the critical issues 

preventing CHP expansion and has made some progress toward addressing the issues. Despite 

these recent actions, net generation coming from CHP sources has trended slightly downward 
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from 2000 to 2010. This is because there are still problems with variable state interconnection 

standards, thirty-one states still have input-based emissions regulations, and disincentives for 

CHP adoption that are built into state RPS program structures (“Combined Heat and Power: 

Effective Energy Solutions,” 2008; “Output-Based Environmental Regulations,” 2012). Thus, 

there are still major barriers preventing CHP from reaching its full potential that must be 

overcome through policy change and incentives. 

 

Denmark	  

 
Figure 18. CHP Share of Total National Power Production by Country (“Combined Heat and Power: Effective Energy Solutions 

for a Sustainable Future,” 2008). 

 
 With more than half of its electricity coming from CHP, Denmark has the largest share of 

CHP electricity production in the world (“Combined Heat and Power: Effective Energy 

Solutions for a Sustainable Future,” 2008). The country’s CHP plants are heated by coal, gas, 

waste, and biomass and the plants provide most of the heat for the country’s 2.5 million 

households (Odgaard, 2005). Most of the heating in Denmark’s densely populated cities and 

towns is distributed using delivered hot water (or steam) through pipe networks going from CHP 

plants to homes (Odgaard, 2005). Clearly, the situation in Denmark in terms of CHP utilization 
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contrasts with the U.S. This section will explore some of the key reasons why CHP is being so 

heavily utilized in Denmark compared to the United States. 

 It is not by chance that Denmark is so reliant on CHP for its heating and power as its 

history and energy policies are directly linked to CHP development. Denmark transformed from 

a very centralized method of electricity production between 1950 and 1970 to a hybrid regime 

consisting of a mixture of centralized plants and decentralized CHP plants. This hybrid system 

remains much the same to the structure that exists in Denmark today (Raven et al., 2006).   

 The country’s transformation to a more hybrid structure began in the 1970s. During the 

1970s, Denmark imported almost all of the fossil fuels it used to generate heat. This complete 

dependence on imported fuel meant that the energy crisis during the 1970s had a huge effect on 

the country. This event acted as the impetus for the formation of a definitive national energy 

policy based on energy security, self-sufficiency, efficiency, and energy conservation policy 

objectives. These objectives were also consistently applied to Denmark’s subsequent energy 

policies and helped provide a more consistent and stable energy policy environment. The energy 

crisis combined with consistent national energy policies are arguably the primary factors that 

contributed to the rapid expansion of CHP in the country from the 1970s onward (“CHP/DHC 

Country Profile,” 2009). 

 The Danish government quickly intervened in response to the rapidly increasing oil 

prices by implementing the Electricity Act of 1976 to improve its energy security by reducing its 

oil dependence. The plan accomplished this by diversifying its supply system with domestic 

sources of energy, reversing growth in energy consumption, and promoting growth in 

renewables. This government intervention also represented an end to an era of self-regulation by 

the electric industry. Utilities were subsequently required to gain government approval for plants 
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larger than 25 MW and for plant construction and expansion, prices were set to reflect cost, and 

the government was able to order utilities to make changes in generating machinery (such as 

fuels or efficiencies). (Mortensen, 1992; Raven et al., 2006).   

 Later on, the 1979 Heat Supply Act was introduced as a way to implement the objectives 

of the energy plan through central government planning and included provisions for heat supply 

planning for the entire country. This piece of legislation acted as the force that drove the 

implementation and expansion of collective supply systems in Denmark from 1980s through the 

1990s. The Danish heat supply system was completely restructured to achieve the Act’s 

objectives, which shifted individual consumption of oil to collective district heating and natural 

gas systems (Mortensen, 1992; Raven et al., 2006).   

 

Figure 19. Denmark’s Energy Network Transformation (“CHP/DHC Country Profile,” 2009). 

 Denmark’s energy policies during the 1980s also represented movement toward 

promoting public heat supply, decentralized power generation, and more efficient use of energy. 

In 1982, an executive order was enacted that provided local authorities with the ability to require 
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new and existing buildings to connect to the public heating system (Odgaard, 2005). In 1985, 

Denmark’s government decided that domestic resources should have priority in heat planning 

over oil and coal, which was accomplished by increasing energy taxes on oil and coal. This was 

done to promote more environmentally-friendly fuels as well as energy efficiency. As a result, 

district heating companies had to rely primarily on natural gas, surplus heat from electric 

generation, and wood waste (Mortensen, 1992). In 1986, the Co-generated Heat and Electricity 

Agreement mandated that utilities produce 450 MW of electricity through decentralized CHP, 

making decentralized CHP a priority in the nation’s energy policy (Odgaard, 2005). The focus on 

incentivizing CHP programs during this decade led to the shift from a very centralized energy 

network structure supplied by a few large power stations to a decentralized energy system 

supplied through many smaller CHP units (“CHP/DHC Country Profile,” 2009). 

 During the 90s, there was a rapid transition from heat production using oil and coal 

toward natural gas and biomass CHP applications, again with the objective of improving energy 

security and efficiency. One of the most striking examples of Danish policy intervention is the 

1990 Energy Plan. This plan required district heating plants that were near the natural gas 

network to convert to gas-fired CHP plants. Plants that were not nearby the network were pushed 

to convert to biomass CHP generation (Raven et al., 2006). A new planning system was also 

established as an amendment to the law on heat supply. It promoted the expansion and 

decentralization of CHP in three phases over a decade through “Conversion of existing 

installations to co-generated heat and electricity supply, increased use of natural gas, increased 

use of environmentally-friendly fuels, and electricity growth” (Odgaard, 2005). 

 There were numerous financial incentives introduced in the 90s. For example, multiple 

subsidies were created during the 90s, which promoted the development of decentralized CHP 
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utilizing natural gas and renewables, and these subsidies remain active today (Odgaard, 2005). 

There are also lower tax rates that were established for decentralized CHP involving plants that 

are under twenty-five MW. There was also widespread political and financial support for the 

expansion of biomass in centralized and decentralized CHP plants and policies such as the 

Biomass Agreement of 14 June 1993, which helped drive the development of this type of fuel 

(Odgaard, 2005). The expansion of CHP and the discovery of large oil natural gas supplies in the 

North Sea allowed Denmark to achieve self-sufficiency in 1997 (“CHP/DHC Country Profile,” 

2009). 

 In the past decade, there have been further subsidies and a lower tax rate introduced that 

benefit decentralized CHP heating and electricity production. To help promote more economic 

co-generation, CHP plants were also no longer required to provide a continuous stream of 

electricity and heating in order to qualify for electricity production subsidies. This means that 

plants can now generate heat and electricity when there is sufficient demand and favorable prices 

(Odgaard, 2005). 
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Figure 20. Denmark’s Energy Supply Network (Odgaard, 2005).  HEAT SUPPLY IN DENMARK 35

 ENCLOSURE 1: MAP OF DENMARK’S HEAT SUPPLY

Explanation of symbols
Plant type  Primary fuel  Natural gas transmission

Centralised plant

De-centralised CHP

DH plant without electricity production

Industrial co-generated heat and electricity

Coal

Natural gas

Oil

Biomass

Biogas

Waste

Primary natural gas pipeline

Secondary natural gas pipeline
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Figure 21. Electricity Production by Type of Producer (“Energy in Denmark,” 2010). 

 Figure 20 provides a map of Denmark’s current energy supply network. This helps 

illustrate the hybrid structure of the network. There are very few centralized plants (sixteen total) 

that are located near large cities and around 415 decentralized plants scattered throughout the 

country and located near smaller centres (Odgaard, 2005). This layout contrasts with the more 

centralized network of the U.S. All of these plants supply the Danish public with heating through 

district heating pipe networks. As can be seen, the natural gas pipeline covers most of the 

country, and biomass CHP plants dominate areas that are not near the pipeline.  The centralized 

plants carry the baseload of the country’s electricity generation (Raven et al., 2006).   
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Figure 22. Production of Renewable Energy by Energy Product (“Energy in Denmark,” 2010). 

 

 
Figure 23. Fuel Composition for District Heating Production as Percentage Distribution (“Energy in Denmark,” 2010). 

 The district heating fuel composition graph highlights the energy portfolio of CHP plants. 

As Figure 23 highlights, renewables and natural gas make up the largest share of district heating 

production and have been gradually replacing coal and oil over the last thirty years. Of the 

renewable sources, wood biomass makes up the largest portion of total production. The country 

has an adequate supply of biomass fuel to meet its biomass consumption in the near term. It 

does, however, import a significant amount of wood pellets and other biofuels (Odgaard, 2005). 
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Figure 24. Fuel Costs for DH Production (Odgaard, 2005). 

 Biomass CHP, in particular, has been very incentivized in Denmark. Around seventy 

percent of the country’s renewable energy consumption comes from biomass resources such as 

straw, wood, and renewable wastes (“Biomass in the Danish Energy Sector”). As mentioned 

earlier, it is not a coincidence that biomass fuels are so widely used in Denmark’s CHP plants. 

The fuels used to produce heat and power is subject to taxation through various regulations. As 

can be seen from the graph above, coal, natural gas, fuel oil, and heating oil are all taxed 

significantly. The fuel that is not taxed, however, is biomass-based fuel such as straw, wood 

chips, and wood pellets. This implies that plants have a larger incentive to shift toward using 

biomass as a tax-free fuel, which is clearly what many utilities have chosen to do in the country 

(Odgaard, 2005). 
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Figure 25. Electricity Production by Fuel (“Energy in Denmark,” 2010). 

 It is important to note, however, that Denmark still relies on imported coal for almost half 

its total electricity production. Coal is the primary fuel used in the country’s large centralized 

plants. Also, Denmark is a net exporter of energy and has an abundant supply of oil and natural 

gas coming from the North Sea. Because of the country’s commitment to self-sufficiency and 

efficiency, coal use has been gradually declining over time (“Country Factsheets,” 2010; 

“Denmark Energy Mix Fact Sheet,” 2007).  

 

Figure 26. Energy Consumption, GDP, and Energy Intensity (“The Danish Example,” 2009). 
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Figure 27. Degree of Self-Sufficiency (“Energy in Denmark,” 2010). 

 

 

Figure 28. CO2 Emissions Per Fuel Unit and Per kWh of Electricity (“Energy in Denmark,” 2010). 

 Denmark’s rapid transition to a very efficient, CHP reliant energy system has provided 

the country with numerous benefits. Figure 26 shows how even though the Danish economy has 

expanded by seventy-eight percent since 1980, the country’s energy consumption has remained 

fairly constant, which reflects consistent improvements in energy efficiency. Examining Figure 

27, because of its proactive energy policy promoting more efficient, renewable technologies, the 
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country became energy self-sufficient in 1997. Because Denmark no longer has to rely on fuel 

imports to meet its energy demand, this implies that should another energy crisis occur in the 

future, Denmark will be in a much more secure position. Because Danish energy policy focused 

on energy conservation and energy efficiency technologies, the country was able to achieve a 

forty-five percent drop in domestic heating energy consumption per square meter since the 

1970s. Much of this decrease in energy consumption is directly related to the country’s rapid 

expansion in CHP development (Mortensen, 1992). Also, by shifting to more efficient energy 

sources such as CHP, Denmark was able to reduce its CO2 emissions from the electricity sector 

significantly from 1990 to 2010. Since 2004, CHP and district heating have prevented eight to 

eleven million tons of CO2 emissions annually (“CHP/DHC Country Profile,” 2009). 

 In summary, one of the primary reasons for the huge expansion in CHP technologies in 

Denmark has been the country’s consistent policy support of CHP and renewable energy 

development from the 1970s to the present. Denmark has made energy security, self-sufficiency, 

and efficiency the primary objectives of its national energy policies throughout all of these years. 

Other countries, including the U.S., have had programs supporting CHP and renewable energy 

development at different points in time, but they have been more sporadic (Lipp, 2007). 

Additionally, in the U.S., supply of heating has been and still is considered only a minor 

component of business for electricity supply companies that have been responsible for the 

extension of district heating supply. In contrast, Denmark had a different organizational level 

involving district heating systems being constructed under public control (municipal or 

cooperative) (Mortensen, 1992). 
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Conclusion	  

 In conclusion, if CHP utilization expanded in the U.S., this technology could play a major 

role in improving the efficiency and diversity of our energy system while reducing GHG 

emissions that are contributing to climate change. However, there are a number of major policy 

changes that need to be made before CHP can reach its full potential. 

 

Figure 29. Output Based Regulation by State (“Combined Heat and Power: Effective Energy Solutions,” 2008). 

 First, in order to better recognize the efficiency advantages of CHP, how emissions are 

treated using CHP technology needs to be revised in thirty-one states from an input-based 

approach (measured using fuel input into the power plant) to output-based standards (measured 

through pounds per kilowatt generated). These standards should include both thermal and 

electric output of CHP in order to properly recognize the technology’s higher level of efficiency 

and associated environmental benefits (“Combined Heat and Power: Effective Energy 

Solutions,” 2008; Mueller, 2005). 

 Second, state RPS programs need to broaden their focus away from just solar and wind 

projects and include more incentives for CHP growth. More states need to adopt CHP as part of 

their RPS and incorporate a standardized approach to include the higher energy efficiency of 

CHP technology into state RPS calculations. To increase CHP utilization in general, more RPS 
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credits could be provided for sites that utilize waste heat in their configurations. For example, 

RPS credits could be calculated based on avoided primary energy consumption or through 

reductions in GHG emissions using CHP sources compared to what is achieved through 

conventional power and heating configurations. To help provide a greater incentive to adopt 

biomass CHP, states could mandate that a certain amount of generation come directly from 

biomass CHP or that all new biomass projects utilize CHP. RPS programs could elevate biomass 

to the same tier of solar and wind technologies to help level the playing field (Resource 

Dynamics Corporation, 2007; “Combined Heat and Power: Effective Energy Solutions,” 2008; 

“Combined Heat and Power: Essential for a Clean Energy Standard,” 2010).  

 

Figure 30. States with RPS or Renewable Goals that Include CHP (DSIRE: Search, 2012). 

 Only fourteen states have CHP as an eligible technology under their RPS programs: 

Arizona, Connecticut, Hawaii, Indiana, Maine, Michigan, New York, North Carolina, Ohio, 

Pennsylvania, South Dakota, Utah, Washington, and West Virginia. Therefore, in order for CHP 

to become more widely adopted, it is critical that more states begin to recognize it as an eligible 

technology under their RPS programs. 
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Figure 31. Interconnection Policies (DSIRE, 2012). 

 Third, more states need to adopt uniform interconnection standards so that CHP systems 

are able to interconnect with the grid system safely, reliably, and economically (Kerr, 2009). 

Progress has been made through the introduction of the Energy Policy Act, which pushed many 

states to implement more standardized interconnection standards for CHP, but there are still 

states with standards that are unclear, inconsistent, unreasonable, or non-existent (Kerr, 2009). In 

order to eliminate this barrier to CHP expansion, further work is necessary in developing 

standards that address all of the factors involved in the interconnection process (processing time, 

costs, technical requirements, and information requirements) (Kerr, 2009). 

 There are a number of policies that can help enable better grid access for CHP. For 

example net metering enables electricity to flow both to and from a customer’s facility using a 

bidirectional meter, and it allows the plant to obtain a sale price for electricity that is equal to the 

purchase price. Priority dispatch measures would give generators priority in exporting electricity 
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to the grid system. Licensing exemption would let CHP plants to produce electricity without a 

generator license, and this could help reduce costs (Kerr, 2009). 

 There is also the issue of why biomass CHP should be more incentivized over its main 

rival natural gas. The difference in levelized cost (even though it is slight) between biomass CHP 

and natural gas helps explain why natural gas has been preferred over biomass for over seventy 

percent of CHP capacity in the US. However, the widespread use of natural gas with CHP has 

slowed the adoption of cogeneration systems because natural gas prices have been fairly high 

and volatile (“Combined Heat and Power: Effective Energy Solutions,” 2008). Natural gas also 

emits more GHG emissions and it is unsustainable in the long run. In contrast, because a 

renewable fuel is displacing natural gas-based electricity and thermal generation, well-managed 

biomass CHP can lead to a net reduction in fossil fuel use and GHG emissions and it is 

renewable.  

 Promotion of biomass over natural gas CHP could also be economically advantageous in 

the long term if the U.S. adopted certain climate change policies. For instance, adoption of CHP 

could be affected if climate policies such as a cap and trade bill or a carbon tax on power plants 

were passed. If serious climate change legislation were passed in the U.S., low carbon options 

such as biomass CHP would be more attractive while higher GHG sources such as coal and 

natural gas would be penalized (Lemar, 2008).  

 A two-stage process that focuses first on expanding the use of CHP and then on 

increasing the adoption of biomass CHP might be the most economically, politically, and 

environmentally prudent action. First, the policy barriers described in this paper for CHP in 

general need to be removed and additional incentives introduced to promote CHP with fuel 

flexibility technology. To increase fuel flexibility so that various alternative fuels can be used 
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requires modifications to the prime mover of a CHP system (which includes its turbine, 

reciprocating engine, fuel cell, and so on), allowing different fuels to be used at satisfactory 

levels of performance, durability, and emissions (“Combined Heat and Power: Effective Energy 

Solutions,” 2008). This approach would focus on putting fuel-flexible CHP infrastructure in 

place in the short run, but allow facilities to economically convert to environmentally friendly 

fuels such as biomass later on if market and policy forces justify the switchover. After barriers to 

CHP technology as a whole are removed, the second step would be to remove the policy hurdles 

specific to biomass CHP and providing incentives to expand its adoption.  

 Overall, this two-staged approach could help guard against volatile energy prices and 

promote the use of renewable fuel sources in a rational way. Greater CHP adoption will help 

improve the efficiency, flexibility, and reliability of the U.S. energy system. Increased biomass 

CHP adoption will allow the country to move toward increased renewable electricity generation, 

more stable energy prices, and help in the fight against climate change.  
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