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Chapter 5: Demand 
INTRODUCTION

Natural gas is attractive for a variety of end-use 
applications because it is:

 

Figure 5.1 Natural Gas End-Use Markets (2009)
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Figure 5.2 Historical Trends in End-Use Consumption

Annual Energy Review 2009
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energy services to buildings and institutions 
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NATURAL GAS IN THE INDUSTRIAL 
SECTOR

 

2 

 

Figure 5.3 Natural Gas Use by U.S. Manufacturing Industry Sector
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Figure 5.4 Trends in U.S. Industrial Natural Gas Consumption and Intensity 
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Principal Uses of Natural Gas as a Fuel  
and as a Chemical Feedstock
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Figure 5.5 U.S. Manufacturing Natural Gas Use by End-Use 
Application 
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Natural Gas Use in Industrial Boilers
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relatively large for natural gas boilers but 
-

Modernization of the Natural Gas Industrial 
Boiler Fleet
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-

-
 

 

2

F I N D I N G 

Replacement of existing industrial natural 
gas boilers with higher efficiency models 
could cost-effectively reduce natural gas 
demand and reduce GHG emissions.

R E CO M M E N D AT I O N

The DOE should review the current energy 
efficiency standards for commercial and 
industrial natural gas boilers and assess 
the feasibility of setting a more stringent 
standard.

Replacement of Existing Coal Industrial Boilers 
with Efficient Natural Gas Boilers 
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2 reduction 

F I N D I N G

Replacement of existing industrial coal 
boilers and process heaters with new, 
efficient natural gas boilers could be a  
cost-effective alternative for compliance 
with the EPA MACT Standards. Fuel 
switching has the potential to increase 
demand for natural gas while achieving 
substantial CO2 emissions reductions at 
a modest incremental cost. 
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Natural Gas Use in Manufacturing Process 
Heating
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-

-

F I N D I N G

The potential for significant reductions in 
the use of natural gas for process heating 
lies in a shift to new manufacturing process 
technologies that use less energy-intensive 
processes and materials.

RD&D Opportunities in Energy-Efficient 
Technologies 

Additional opportunities for advances in 
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F I N D I N G

Industrial energy efficiency RD&D programs 
supported by the DOE have historically 
led to significant improvements in energy-
efficient technologies: technologies that 
also achieved significant reductions in CO2 
emissions while improving the economic 
competitiveness of manufacturing. 

R E CO M M E N D AT I O N

The DOE should continue to play a role 
in accelerating the development of new 
technologies that can improve energy 
efficiency. The DOE should again serve 
as a convener of industry technology 
working groups to develop roadmaps 
for future energy-efficiency technology 
improvements. Based on these roadmaps, 
the DOE should develop a federally funded 
RD&D portfolio consisting of applied pre-
competitive R&D as well as transformational 
approaches. The DOE RD&D portfolio 
should encompass both industry-specific 
technologies in energy-intensive industries 
and crosscutting technologies applicable 
across a broad spectrum of manufacturing 
industries.

CHP Systems for Industrial Applications

-

because it is easier to balance electricity genera-
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-
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Natural Gas Use as a Chemical Feedstock
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COMMERCIAL AND RESIDENTIAL 
APPLICATIONS OF CHP SYSTEMS
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Figure 5.6 Hourly Energy Load Profile for One Type of Residential Customer in New England – Sample for 
one day during Winter and Summer 
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residential application varied greatly depending 
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F I N D I N G

Matching heat and power loads for 
residential and other small-scale 
applications poses a significant challenge 
to the feasibility of small-scale CHP systems 
based on current technologies.

NATURAL GAS DEMAND IN BUILDINGS

27
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-

Comparing the Efficiency of Space  
Conditioning and Hot Water Technologies

2

-

 

Figure 5.7 2006 Breakdown of Building Energy Consumption in the Residential and 
Commercial Sectors 
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-

particular electricity versus natural gas and 
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Site Energy Efficiency (SCOP*) Source-
to-Site 
Efficiency

Full-Fuel-Cycle Efficiency (FFC)

Low Energy 
Star

Best Low Energy 
Star

Best

Heating System Type

Electric Furnaces 0.95 — 0.99 0.32 0.31 — 0.32

Oil-Fired Furnaces 0.78 0.83 0.95 0.88 0.69 0.73 0.84

Gas-Fired Furnaces 0.78 0.90 0.98 0.92 0.72 0.83 0.90

Air Source Heat Pumps† 2.30 2.40 5.20 0.32 0.74 0.77 1.67

Ground Source Heat Pumps‡ 2.50 3.30 4.80 0.32 0.80 1.06 1.54

Cooling System Type

Central AC † 3.81 4.25 6.74 0.32 1.22 1.37 2.17

Air Source Heat Pumps† 3.81 4.25 4.98 0.32 1.22 1.37 1.60

Ground Source Heat Pumps‡ 2.55 4.13 6.57 0.32 0.82 1.33 2.11

Hot Water System Type

Electric Storage Tank 0.92 — 0.95 0.32 0.30 — 0.31

Oil-Fired Storage Tank 0.51 — 0.68 0.88 0.45 — 0.60

Gas-Fired Storage Tank 0.59 0.62 0.70 0.92 0.54 0.57 0.64

Electric Heat Pump Tank 0.92 2.00 2.35 0.32 0.30 0.64 0.76

Electric Instantaneous 0.93 — 0.99 0.32 0.30 — 0.32

Gas-Fired Instantaneous 0.54 0.82 0.94 0.92 0.50 0.75 0.87

Table 5.1 Site vs. Source Energy Efficiency of Residential Heating, Cooling and Hot Water Systems

† ‡

-

-
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Figure 5.8 Combined Source to Site Energy Efficiencies for Delivering Coal and Natural 
Gas-Fired Generation Versus Oil and Natural Gas to End-Use Customers

Source to Site — Coal-Fired Generation Source to Site — Natural Gas-Fired Generation

Source to Site — Direct-Use Natural GasSource to Site — Home Heating Oil

100 100

100100

Extraction Processing Transport Generation

Avg
Coal

Avg
Gas

T&D Extraction Processing Transport Generation T&D

Extraction Processing Transport

No
Generation
Equivalent DistributionExtraction Processing Transport

No
Generation
Equivalent

New Coal 36 33

Distribution

898990
96

98 97 97 94 9396

31 29
3739

New Gas 47
44

92939497

F I N D I N G

Source-to-site energy losses should be 
considered when choosing among energy 
options, especially ones that use different 
energy carriers.

 

standards for appliances and space condition-
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effectiveness of direct fuel and electricity end 
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R E CO M M E N D AT I O N

Improved energy efficiency metrics that 
provide an FFC comparison of energy 
efficiency should be incorporated into 
national standard setting activities.  
The improved metrics should include  
both FFC efficiency and cost-to-consumer 
factors.

Looking Beyond Equipment Efficiency 
Standards

-
-

 

 

 

 

-

F I N D I N G

Energy efficiency metrics alone are not 
sufficient to inform consumers about the 
most energy efficient and cost-effective 
options for meeting household energy 
needs in different regions.

-

 R E CO M M E N D AT I O N

 In addition to improved efficiency metrics 
for comparing appliances and building 
energy technologies, there is a need to 
inform consumers and developers as well 
as state and local regulators about the 
cost-effectiveness and suitability of various 
technologies, relative to local conditions. 
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FFC Efficiency and CO2 Emissions

content of retail fuels is reasonably consistent 

-

2

2 

2

-
both

2

-

2

2 content of electricity 

2

Table 5.2  Retail Electricity and Fuel — Source-to-Site Efficiencies and CO2 Emissions 

Regional Site-to-Source and CO2 
Emissions Factors by NERC Region (2005)

Source-to- 
Site Efficiency

CO2 Emissions (lb CO2/MWh) ∆% from 
US Avg.Precomb. Generation T&D Combined

United States Average US 0.32 54 1,329 86 1,469 –

Midwest Reliability Organization MRO 0.28 55 1,824 120 1,999 36.1

Southwest Power Pool SPP 0.30 63 1,751 114 1929 31.3

Reliability First Corporation RFC 0.31 38 1,427 94 1,559 6.1

Florida Reliability Coordinating Council FRCC 0.33 99 1,319 91 1,508 2.6

SERC Reliability Corporation SERC 0.31 45 1,369 90 1,504 2.4

Texas Regional Entity TRE 0.32 74 1,324 87 1,485 1.1

Western Electricity Coordinating Council WECC 0.38 51 1,033 57 1,142 -22.3

Northeast Power Coordinating Council NPCC 0.33 85 876 61 1,022 -30.4

Primary Residential Fuels Precomb. Distribution Combustion Combined

Distillate Oil US 0.89 107 4 550 661 -55.0

Liquid Petroleum Gas US 0.89 74 4 476 553 -62.3

Natural Gas US 0.92 36 5 404 444 -69.8
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-

2

-

2 -

-

2

2

2

2

2

Table 5.3  Combined Energy and Emissions Impacts of Using FFC Efficiency for Select NERC Regions  
for Energy Star Appliances 

Energy Consumption (MWh) Full Fuel Cycle CO2 Emissions (Ton CO2)

Useful Site FFC National MRO NPCC SPP TRE

Heating System Type

Electric Furnaces 100 101.0 314.2 74 114 49 104 75

Oil-Fired Furnaces 100 120.5 136.7 45

Gas-Fired Furnaces 100 111.1 120.7 27

Air Source Heat Pumps† 100 41.7 129.6 31 47 20 43 31

Ground Source Heat Pumps‡ 100 30.3 94.3 22 34 15 31 23

Cooling System Type

Central AC† 100 23.5 73.2 17 27 11 24 17

Air Source Heat Pumps† 100 23.5 73.2 17 27 11 24 17

Ground Source Heat Pumps‡ 100 24.2 75.3 18 27 12 25 18

Hot Water System Type

Electric Storage Tank 100 105.3 327.4 77 119 51 109 78

Oil-Fired Storage Tank 100 147.1 166.9 55

Gas-Fired Storage Tank 100 161.3 175.2 39

Electric Heat Pump Tank 100 50.0 155.5 37 56 24 52 37

Electric Instantaneous 100 101.0 314.2 74 114 49 104 75

Gas-Fired Instantaneous 100 122.0 132.5 29

† ‡
2
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-

2

F I N D I N G 

Use of equipment-based FFC efficiency and 
national average energy demand and CO2 
emissions metrics alone are not sufficient 
to inform policy makers and consumers of 
the comparative cost and environmental 
benefits of competing appliances and 
building energy systems.
 

R E CO M M E N D AT I O N

More detailed and targeted approaches 
are needed to develop combined cost- 
and emissions-effective strategies for 
meeting future energy and emissions 
goals on a local and regional basis. State 
and Federal agencies should collaborate 
with the building industry and equipment 
manufacturers to provide clear and  
accurate information to consumers.

2 burdens 
of different fuels including regional differences 

-
sions-effectiveness of space conditioning and 

-

-

DEMAND FOR NATURAL GAS  
AS A TRANSPORTATION FUEL

-

2

-

2

Natural gas is garnering attention for its 

2
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-

large-scale liquid fuel infrastructure in place 

Global Natural Gas Vehicle Market 32

 

CNG-Powered Vehicles
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-

F I N D I N G

At present gasoline-CNG fuel price spreads, 
U.S. heavy-duty vehicles used for short-
range operation (buses, garbage trucks, 
delivery trucks) have attractive payback 
times (around three years or less).

Payback times for U.S. light-duty vehicles 
are attractive provided they are used in 
high-mileage operation (generally in fleets) 
and have a sufficiently low incremental  
cost — a representative number is around 
$5,000 for a payback time of three years or 
less. This condition is presently not met.

 
 

 

-

F I N D I N G

Experience in other countries indicates 
the potential for substantial reduction 
of incremental costs for U.S. factory and 
aftermarket converted CNG vehicles.

Table 5.4  Illustrative Payback Times in Years for CNG Light-Duty Vehicles for Average and 
High Mileage Use, Low and High Incremental Vehicle Cost and Fuel Price Spread between 
Gasoline and CNG on a Gallon of Gasoline Equivalent (gge) Basis. Assumes 30 miles  
per gallon. 

12,000 mile per year 35,000 miles per year

Fu
el

  
Pr

ic
e 

Sp
re

ad

Incremental Cost $3,000 $10,000 $3,000 $10,000 

$0.50/gge 15 50 5.2 17

$1.50/gge 5 17 1.8 5.9
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2

 

2

2

 

 

 

value of natural gas in reducing oil dependence 

R E CO M M E N D AT I O N

The U.S. should consider revision to its 
current policies related to CNG vehicles, 
including how aftermarket CNG conversions 
are certified, with a view to reducing 
upfront costs and facilitating bi-fuel CNG-
gasoline capability.

LNG-Powered Long-Haul Trucks

-
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-

-

-
-

tional issues related to cryogenic fuel storage in 
-

-

-
 LNG-

-

-

-

F I N D I N G

The deployment of LNG-powered, long-
haul trucks presently faces operational 
limitations due to the use of onboard fuel 
storage at very low temperature (-162 C˚); 
the need for a new fueling infrastructure 
that ensures competitive pricing; a high 
incremental cost; and a likely lower 
resale value particularly in the important 
international market. These challenges are 
mitigated by use in the relatively modest 
market of hub-to-hub transport.
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Conversion to Liquid Fuels

liquid fuels depend on several criteria involving 

-

-

 
Our detailed analysis is for natural gas conver-

-

-
39

energy loss during conversion of natural gas to 

2

 

production cost of natural gas conversion to 

 

Figure 5.9 Conversion of Natural Gas to Liquid Fuels 
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-

F I N D I N G

With deployment of plants using current 
technology, on an energy-equivalent basis, 
methanol could be produced from U.S. 
natural gas at a lower cost than gasoline  
at current oil prices. 

-

 

 

 

 

 

Table 5.5 Illustrative Methanol Production Costs, Relative to Gasoline (excluding taxes)  
at $2.30 per Gallon 

Natural Gas Price Methanol Production  
Cost, per gge

Cost Reduction Relative  
to Gasoline, per gge

$4/MMBtu $1.30 $1.00

$6/MMBtu $1.60 $0.70

$8/MMBtu $2.00 $0.30
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F I N D I N G

Methanol could be used in tri-flex-fuel light-
duty vehicles with a modest incremental 
vehicle cost (likely to be $100 to $200 more 
than an ethanol-gasoline flex-fuel vehicle). 
It could also be used to power long-haul 
trucks in mixtures with gasoline, and could 
provide both vehicle and fuel cost savings. 
Barriers to methanol use include the lack 
of incentives for vehicle conversion and 
provision of distribution infrastructure.

 
and increase opportunities for reducing oil 

R E CO M M E N D AT I O N

The U.S. government should implement 
an open fuel standard that requires 
automobile manufacturers to provide  
tri-flex-fuel operation in light-duty vehicles. 
It should also consider methanol fueling 
infrastructure subsidies similar to those 
given to the fueling infrastructure for 
ethanol.

 An illus-
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-

 

F I N D I N G

If the present oil to natural gas price 
spread is sustained, there will be materially 
increased opportunities for use of natural 
gas-based transportation fuels.

F I N D I N G

The potential for natural gas to reduce 
oil dependence could be increased by 
conversion into room temperature liquid 
fuels that can be stored at atmospheric 
pressure. Of these fuels, methanol is the 
only one that has been produced for a long 
period at large industrial scale. Methanol 
has the lowest cost and lowest GHG 
emissions, but requires some infrastructure 
modification and faces substantial 
acceptance challenges. Natural gas derived 
gasoline and diesel have the advantage 
of being drop-in fuels, but carry a higher 
conversion cost.

R E CO M M E N D AT I O N

The U.S. government should carry out a 
transparent comparative study of natural 
gas derived diesel, gasoline and methanol, 
and possibly natural gas derived ethanol, 
mixed alcohol and DME, with each other 
and with oil-derived fuels and biofuels. The 
study should include cost analysis, vehicle 
requirements, infrastructure requirements 
and health and environmental issues. It also 
should include discussion of R&D needs for 
more efficient and lower-cost production. 
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