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SUMMARY 

The identification of economically efficient levels of energy consumption 
has been identified as a goal in the process of formulating building energy 
performance standards. Efficient levels of fuel consumption for building 
space conditioning and lighting can be determined if the total costs to society 
of both fuels and the resources that may be substituted for fuels in building 
space conditioning systems are known. To test the feasibility of providing 
estimates of the social costs of fuels for use in developing building energy 
performance standards, information regarding the social costs of natural gas is 
surveyed and evaluated. This report identifies components of social cost, 
estimates values for these components, aggregates them in a national estimate 
and derives values for states. These estimates could then be used in minimiz
ing the life cycle costs of building space conditioning. 

Estimation of the social cost of a fuel requires knowledge of producticn, 
processing and delivery costs, values of direct and indirect subsidies, adminis
trative costs of regulation, and costs to society of environmental and health 
damages. Estimation of the marginal social cost of natural gas is quite diffi
cult because the price distortions caused by taxes, subsidies and regulation 
totally obscure the true marginal cost. The accuracy of the estimates is also 
influenced by regional variations in source of supply, costs and technology, 
time periods over which estimates are made and the size of the marginal incre
ments in supply analyzed. In addition, information gaps regarding environmental 
and health damages make these effects difficult to quantify. Social costs also 
vary depending on the form of the fuel; for example, LNG, has higher processing 
costs and potential damage costs. Even if all of these difficulties in deriving 
social cost estimates can be overcome, the fact that gas from various sources 
is combined in the distribution system makes it difficult to determine the 
appropriate allocation of costs at disparate delivery points. 

Costs of marginal production and transmission, regulation, direct subsi
dization and accidental damage to life and limb are estimated for natural gas. 
These estimates are summed to derive a national marginal social cost estimate; 
this value is then weighted using recent trends in the relative levels of 
state and national average costs to derive marginal cost estimates for states. 
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Based on the analysis described in this report, we conclude that it is 
feasible to derive state-level estimates of the marginal market costs of gas 
from existing information. Estimates that include external costs, however, 
are subject to a high degree of uncertainty and should be regarded as under
statements of true social costs. 
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INTRODUCTION 

The Energy Conservation Standards for New Buildings Act of 1976 is result
ing in the promulgation of design energy budgets limiting the design energy 
consumption of new buildings. To aid in determining the level at which to set 
these design energy budgets,efficient design energy consumption levels for a 
wide range of building types with diverse use patterns and climatic conditions 
must first be identified. To be optimal the design energy consumption levels 
must take into account both the value of all of the energy used to provide 
adequate comfort levels in buildings and the relative value of the other 
resources that may be substituted for energy in the provision of those comfort 
levels. 

In order to determine the design energy consumption levels that minimize 
the total costs to society over time of attaining requisite comfort levels in 
buildings, information on the marginal social cost of energy and capital 
inputs is needed. Much of the literature relating to the social cost of fuels 
avoids the question of the relative values of fuels and other resources. It 
has been common practice to describe the social cost of energy in terms of the 
average private production costs, quantities of emissions, and man/days lost 
due to health effects. While this approach may be useful in comparing the 
relative merits of alternative fuel systems, it does not provide a basis for 
decisions involving substitution of capital inputs for energy because it does 
not sum all of the costs on a comparable basis. 

In a recent examination of fuel markets, prices and nonmarket costs 
(Nieves et al. 1979), evidence was found of market failure resulting in fuel 
prices that do not reflect the total social costs of the resources consumed. 
The pricing of energy at less than its marginal social cost leads to choices 
of building energy systems which result in higher annual levels of fuel con
sumption than would occur if all of the relevant resources were accurately or 
proportionally inaccurately priced. The present study has been undertaken to 
determine whether it is feasible to construct estimates of the marginal social 
cost of fuels for use in determining optimal design energy consumption levels 
for buildings. 



PROBLEM 

The purpose of this study is to determine the extent to which it is 
possible to develop monetary estimates of the marginal social cost of fuels, 
using natural gas to test a methodology that could be applied to other fuels. 
This requires review of previous estimates of both market and nonmarket costs 
to the extent that such are available. For some components of social cost, 
calculation of estimates from secondary data is required. The feasibility of 
using these estimates to develop marginal social cost estimates for the country 
and for states or regions must then be evaluated. 

APPROACH 

In order to develop estimates of marginal social cost for use in deter
mining minimum life cycle costs of building space conditioning, economic 
theory is used to develop a conceptual model of the market cost of fuel extrac
tion and conversion. Then estimation methodologies for each component of 
nonmarket costs are examined to assess the applicability and validity of each 
methodology for our purposes. On the basis of this analysis, empirical esti
mates of both market and nonmarket components of social cost are aggregated to 
calculate a social cost estimate for natural gas. 

The methodology for developing social cost estimates is presented in four 
major sections. The first section discusses the economic theory and assump
tions upon which estimation of marginal social cost is based. In the second 
section several methodologies for estimating marginal market costs are ana
lyzed and recent empirical estimates are reviewed. Then projections of 
national marginal market costs are presented. Nonmarket costs are estimated 
from secondary data where possible and are presented in the third section 
along with a discussion of some of the data gaps. The fourth section sum
marizes the preceding estimates into projections of state and national mar
ginal social costs for natural gas. A set of conclusions about the social 
cost of natural gas is then presented. 
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SOCIAL COSTS 

The term social cost refers to the total value to society of the resources 
utilized in producing a good. This includes the private costs of production, 
that is, the producer's cost for materials, energy, labor, and capital. It 
also includes the value of public sector investment such as research or sub
sidy that reduces the production costs of the firm, pollution abatement under
taken by the public sector and any residual environmental damages borne by 

the public. 

COMPONENTS OF SOCIAL COST 

The total social cost incurred in the production of fuels, natural gas 
in particular, consists of the major components defined below and illustrated 
in Figure 1. Values for these components are estimated in the following 
sections in terms of the cost per 106 Btu delivered to the building boundary. 

COSTS OF 
PRODUCTION, 
PROCESSING 

AND DELIVERY 

VALUE TO 
+ PRODUCERS OF + 

SPECIAL TAX 
PROVISIONS 

VALUE OF 
DI RECT AND + 
INDIRECT 

SUBSI DIES 

ADMI NI STRATIVE 
COSTS OF 

REGULATORY 
AGENCIES 

MARKET COSTS NONMARKET COSTS 

COSTS TO SOCIETY 
OF ENVI RONMENTAL 

AND HEALTH DAMAGES 

FIGURE 1. Social Costs of Energy Sources 

TOTAL 
SOCIAL 
COST 

• Private Production Costs. These are the costs of all production inputs 
including raw materials, capital, labor, technology, marketing, distri
bution, etc. 

• Monopoly Pricing. The existence of monopoly power usually leads to 
product prices which exceed marginal production cost. A social cost 
reuslts due to the accompanying restriction of output quantity. 

• Regulation. To the extent that regulation eliminates monopoly pricing 
tendencies it belongs in the category of social benefit rather than 
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cost. However, any benefit gained is at the expense of administrative 
budgets borne by the public sector which are a social cost. 

• Subsidies. Subsidies include investments and provisions by the public 
sector that reduce the cost of production faced by firms. These may be 
in the form of preferential tax rates, government funded research or 
risk limitation as in the case of the Price-Anderson Act. The subsidy 
may also be indirect, affecting an input to production such as barge 
transportation. 

• Environmental Damages. The environmental damages associated with fuel 
production and conversion affect land, water and air. They may result 
in reduced production of flora and fauna, accelerated deterioration of 
materials, or loss of amenities. Each of the effects may be considered 
to generate a social cost. 

• Health Damages. These reflect the effects of environmental damages on 
human health. These may contribute to early mortality, increased sus
ceptibility to disease, genetic defects or long-term disabilities. 
Social costs ensue from the resultant medical expenses, reduced produc
tivity, pain, suffering and anxiety. 

The theory which forms the basis for estimation of the marginal social 
cost of natural gas is illustrated in Figure 2. The price estimates shown in 
tables in succeeding sections will be developed using this theory. 

In Figure 2, S represents the supply curve incorporating marginal private 
costs, S' represents the supply curve for gas incorporating marginal social 
costs and D represents demand. Point A represents an estimate of the unregu
lated market price (P2). However, given the distortion caused by government 
regulation that holds old gas prices at Pl and influences the quantity pro
duced, higher cost supplies than A are exploited. The marginal (private) 
cost of these latter sources may be considerably higher than P2. This price, 
however, does not reflect externalities. The procedure of this study is to 
estimate A, then add on externality costs. The resultant price, P4, then 
ideally requires adjustment for supply and demand elasticities to compute the 
marginal social cost, P3. P3 is the relevant marginal social cost because 
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FIGURE 2. Estimation of the Marginal Social Cost of Gas 

it is associated with the quantity of natural gas that would actually be pur
chased. As illustrated in the figure, efficient allocation of resources from 
a societal viewpoint occurs where demand intersects the supply curve based on 
social costs (S'); this point is P3' 

MARGINAL VERSUS AVERAGE SOCIAL COSTS 

Minimization of the total cost to society of maintaining given comfort 
levels in buildings requires knowledge of the marginal social cost of the 
resources consumed. For fuels, estimation of marginal social cost is compli
cated by the fact that market failure has been pervasive and longstanding. 
Regulations affecting both price and quantity of natural gas, for example, 
totally obscure the marginal cost. Secondary data related to fuel production 
externalities generally allow computation of average cost at a given level 
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of production--not marginal cost. Because of this problem, average cost esti
mates are used as proxies for marginal cost in some portions of the social 
cost estimation procedure. 

If firms are operating in a range of production where average social costs 
are relatively constant, average cost will provide a good estimate of marginal 
cost. In Figure 3 there ;s a range of output quantities between A and B over 
which the marginal and average market costs do not differ greatly. If the 
ratio of nonmarket costs (E) to market costs is also nearly constant, average 
social cost will be a good proxy for marginal social cost. However, when the 
external costs increase with the output level as shown in Figure 3, marginal 
and average social cost may differ significantly over the same range of 
production A to B. The difference (E2) between marginal social and private 
costs is much greater at the higher production level B than at level A. It 
;s more likely that B represents our current situation than does A. External 
costs of producing exhaustable resources can be assumed to be increasing; 
resource deposits are usually exploited in order of their quality and amounts 
of wastes and contaminants increase as quality declines. 

A 

SOCIAL 
MARGINAL 

\ 

B QUA NTI TY rrt ME 

FIGURE 3. Comparison of Marginal and Average Market and Social Costs 
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The social cost estimates in this study are derived from marginal private 
costs and average external costs. Since average private costs of fuels are 
increasing in real terms, our current production level is more likely to be 
represented by B than by A. As a result the use of marginal private costs and 
average external costs probably significantly understates the true marginal 
social costs at current production levels. Thus, the estimates developed in 
this study are conservative estimates of marginal social cost. 

t1EASUREMENT OF t·1ARGINAL COST 

Estimation of the marginal cost of natural gas production for the nation 
requires resolution of several issues that are implicit in the definition of 
marginal cost as the cost of an additional unit of output. Empirical applica
tion of the definition assumes a specified period of time, technological homo
geneity within the industry sample, and specification of the size of the output 
unit whose cost ;s to be estimated. A discussion of each of these issues and 
their treatment in this study follows. 

Time Period 

Since the purpose of this study is to determine the feasibility of develop
ing marginal cost information for use in minimizing the life cycle costs of 
buildings, and since the useful life of a building is expected to be longer 
than the period required for capacity change in the gas industry, long-run 
marginal costs are estimated. These estimates will differ from estimates of 
marginal cost in the short-run (in which production capacity cannot be changed). 
This difference is particularly important in the near future in which very high 
marginal cost supplies are being developed due to the incentives of the regulatory 
structure and the effects of other governmental policies such as the exclusion 
of Mexican gas. Use of long-run marginal cost has the effect of smoothing the 
fluctuations that will occur in short-run marginal costs. 

Technological Homogeneity 

Estimation of marginal cost for the nation involves aggregation of marginal 
costs for regions with varying marginal sources of supply and differing tech
nologies and cost structures. Indeed there is no one source of supply which 
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is the marginal source in a majority of states, unless it is an expansion of 
conventional field gas production. Thus, to develop estimates of national 
marginal cost, we aggregate a wide range of regional marginal costs. 

Incremental Quantity 

Marginal cost estimates will vary depending on whether the relevant 
change in output quantity is the last cubic foot of expanded gas supply or 
the last trillion cubic feet. The larger the quantity considered, the lower 
the resulting marginal cost estimate will be because of the effects of averag
ing. In this study the marginal cost estimates are based on the expected 
contribution from all supply sources to the total incremental change in quan
tity supplied in each period considered. 

The marginal cost estimates developed in this study are long-run estimates 
based on gross changes in supply, aggregated across regions with differing 
gas supply mixes. Thus, the U.S. marginal cost estimates presented are actu
ally a form of volume-weighted average marginal cost. 
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PRIVATE OR MARKET COSTS OF NATURAL GAS 

A first step in the estimation of the marginal social cost of natural 
gas is the computation of the marginal private (market) cost. As an outline 
to the following sections, the next paragraphs present a brief overview of the 
methodologies used in developing marginal market cost estimates. Estimates of 
the future marginal cost of natural gas at the wellhead are developed using 
different estimation methodologies. Because natural gas is comingled with 
supplemental gas supplies, the marginal cost of supplemental gas is also 
estimated. To the average of the marginal costs of the comingled gas ;s then 
added the marginal cost of transportation to move the comingled gas to the 
user's location. Finally, conclusions are reached on the likely marginal 
private cost of gas given the likely cost of substitute fuels. 

Three methods are commonly used to project the marginal private cost of 
natural gas. The first method is to analyze current trends in productivity and 
costs of exploration, development, and production and then project these trends 
for future years. The second method is to perform an econometric analysis of 
supply and demand for natural gas to determine the equilibrium price, at which 
supply and demand are equal. If natural gas is assumed to resemble a competi
tive industry, marginal cost will equal this equilibrium market price. The 
third method is to assume that the price of natural gas will rise to the Btu 
parity price of the highest cost fuel with which natural gas competes and which 
is used to balance energy supply and demand, with discounts or premiums used to 
adjust for users' preferences. 

One difficulty with the first two methods is the need to adjust estimates 
for the fact that recent natural gas statistics, such as the size of gas dis
coveries per foot drilled, may reflect government regulation of interstate 
prices rather than the underlying resource base. Due to the policy debate 
leading to the enactment of the Natural Gas Policy Act of 1978, several studies 
were undertaken on the equilibrium price of natural gas under a deregulated 
environment. Most of these studies only forecast prices to 1985 or 1990. 
Projections past 1990 generally rely on the Btu parity approach. Thus the 
requirement for price projections relevant to building lives of 30 years or 
more may preclude reliance on econometric estimates of deregulated prices. 
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Historically, setting the price of old gas and certain classifications 
of new gas below competitive price levels has permitted some very high-cost 
marginal gas supplies to be comingled with the lower price gas and the resul
tant mix to be sold competitively with other fuels. Because the gas sold in 
the retail market is derived from a different mixture of sources in each 
region, the marginal cost of natural gas for the nation is best measured by 
a weighted average of both new conventional and new supplemental gas supplies. 
In this report these marginal costs will be shown separately for conventional 
gas and for supplemental supplies; they will be presented in the final section 
in a weighted manner. 

In analyzing projections of the price of natural gas, the period in which 
the forecast was made is important. Before 1973, most models using production 
costs and econometric techniques attempted to capture supply differences 
resulting from small changes (1 to 3 cents/103 cf/yr) in the wellhead price 
of natural gas. The small price variation found in the 1960 to 1972 period 
was consistent with this investigation. However, the variation in price was 
so small that price parameters should not be considered accurate. Further, 
the elimination of the depletion allowance, changes in the prices of competi
tive fuels, and inflation have significantly altered price-quantity relations. 
Most of the studies described in this section have been completed since 1976 
and provide a reference for future marginal gas price prOjections. (a) 

ESTIMATION METHODS FOR MARGINAL PRIVATE COST 

Estimates of marginal private cost are made using three bases: production 
cost prOjections; econometric supply-demand analyses; and Btu parity with com
petitive fuels. 

(a) The best known of the econometric models is the MIT Natural Gas Supply 
r~odel developed by Paul rlacAvoy and Robert Pindyck; this model, although 
updated, is still largely based on the period before 1973 and is not 
helpful in examining future prices. Further, this model has not yet been 
able to analyze a deregulated price scenario; supply estimates explode 
with increased prices. 
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Production Cost Projections 

Regulatory agencies have calculated the ceiling price of natural gas so 
that producers can earn a "fair" rate of return on their investment. To cal
culate this price, they have obtained current estimates of cost components 
such as drilling costs, lease acquisition costs, operating costs, and carrying 
costs. After making assumptions as to future productivity, the ceiling price 
was set such that a predetermined internal rate of return was earned, based on 
discounted cash flow projections. These ceiling prices in turn determined 
costs; producers could not afford to bring on high-cost supplies unless there 
were special rate provisions. Basing the ceiling price on historical data 
always produces a lower price than the price that would result from current data. 

Prices derived in this manner are distorted because certain factors, 
including the price of competitive fuels, demand for environmentally clean 
fuel and inflationary pressures, are not considered. Given the distortions 
resulting from this method, the projected costs are used only as verification 
of the costs estimated by the other methods; all methods indicate rapidly 
rising marginal costs of natural gas. However, if production cost projections 
indicated that production costs were not likely to rise rapidly (i.e., supply 
is easily obtainable), then the ability of world oil prices to rise rapidly 
in the future would be questionable. 

Cost forecasting studies consistent with the methodology outlined by the 
FPC in Opinion 699-H have recently been made by Foster Associates and by the 
Federal Energy Regulatory Commission. Both indicate that the uncertainty in 
calculating the future cost of natural gas is substantial. The most critical 
of the variables and assumptions utilized is the productivity factor (reserve 
additions of nonassociated gas per foot of successful wells drilled). Foster 
Associates (1978 p. 111-74) used two scenarios on productivity to handle this 
uncertainty. The results are shown in Table 1. 
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TABLE 1. Projected Price of Lower 48 States Production 
under Continuing Price Regulation in 1978 
Dollars (¢/103 cf) 

New Gas 1985 1990 1995 2000 

l. Price 
a. High Productivity 189 206 218 230 
b. Low Productivity 253 278 296 309 

Source: Foster Associates 1978. 

The Federal Energy Regulatory Commission (formerly the Federal Power 
Commission), in reviewing the ceiling prices for 1975-1976 vintage gas and in 
establishing ceiling prices for 1977-1978 vintage supplies, determined that 
use of more current drilling cost data (175- 176) than were used in the issuance 
of Opinion 770-A would have resulted in an initial rate of $2.08/103 cf rather 
than the $1.72/103 cf adopted (both in 1978 dollars) (FPC 1977). Foster 
Associates, in a study for the Natural Gas Supply Committee, used this adjusted 
ceiling price plus escalation to project supplies. Their estimate (1978-1985) 
under these upwardly adjusted prices indicated declining production in the 
lower 48 states (Foster Associates 1977). All three studies that used produc
tion cost trends as the basis for projecting future costs forecast rapidly 
rising production costs. Further, the projected supply of natural gas decreases 
in those studies that made volume estimates. 

Joe Parent at the Institute of Gas Technology has analyzed drilling costs 
on a constant dollar basis and observed that since the early 1960s these costs 
have increased at a rate of 4.5% per year (Parent and Linden 1979). This 
situation is illustrated in Figure 4. If these costs are representative of 
all production costs and production costs were $1.90/103 cf in 1976 (expressed 
in 1978 dollars), this trend suggests a 1978 price estimate of $2.07/103 cf 
based solely on production costs. 
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FIGURE 4. Trend of the Well Drilling and Equipping 
Cost Index in the Lower 48 States 

Econometric Supply-Demand Analysis 

Econometric models are used to estimate the underlying supply and demand 
curves for natural gas. Simulations can be performed to predict the equilib
rium price or marginal cost in the absence of regulation. Unfortunately, most 
models developed in the early 1970s have not been suffi~iently updated to be 
relevant today; DOE's PIES model is a possible exception. Of the outdated 
models, the methodology of the MIT Natural Gas Model (MacAvoy and Pindyck) 
is quite appealing;(a) however, this m?del has only been used in recent years 

(a) The marginal production costs in the MIT Natural Gas Model are dependent upon the reserve levels relative to 
production, so that as the reserve-to-production ratio becomes smaller, marginal costs rise sharply. The 
resultant equation was estimated with a term to account for noncompetitive behavior (resulting in prices 
higher than marginal cost), but the term was found statistically insignificant. The approximating equation 
for marginal development cost (MOe) is given by 

where 
qt,j = production level out of reserves in region j at time t. 

Rt,j = proved reserves in region j at time t. 

Taking logs of both sides, assuming gas price (P) equals marginal cost (which it does in a competitive 
industry), and rearranging terms, the following form of the equation was estimated: 

This methodology is somewhat similar to Zimmerman's studies on the marginal production costs of coal. 
Zimmerman is also at MIT. 
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with highly restrictive assumptions upon the future price and cost of natural 
gas. The data required to make accurate predictions of marginal costs have 
uniquely not been present in the case of natural gas because of price con
trols and the changing market status of natural gas in the recent past. In 
the future after new price-quantity relationships emerge, this methodology 
may be profitably used to project future costs of natural gas. The TERA model 
developed by the American Gas Association is a large-scale, part econometric, 
part judgment model of the natural gas industry; however, in recent years price 
and cost projections have been based on a parity rationale rather than on the 
interaction of supply and demand within the TERA framework. At the end of 
this section, estimates are presented from several studies on the price of gas 
without distortion due to regulation. These studies generally rely upon some 
judgment regarding the supply-demand balance for natural gas. This section 
primarily reports on the Department of Energy's Energy Information Administra
tion (DOE-EIA) models and pertinent qualifications of their results. Projec
tions by IGT and AGA are also presented. 

The Department of Energy's Mid-range Energy Forecasting System (formerly 
PIES), a series of interconnected specific fuel, sector and economy models, has 
been used to estimate natural gas prices. The natural gas supply model is a 
refinement of the original National Petroleum Council methodology; the demand 
model for gas relates the quantities demanded to prices and income alone. These 
relationships are econometrically estimated and incorporate past phenomena 
into all demand forecasts. Because natural gas demand in the last 10 years 
has been curtailed, the demand model needs to be adjusted to reflect the miss
ing historical consumption data. The analysis by DOE-EIA in 1978 attempted 
to make such adjustment. While there is great uncertainty on how much and 
how rapidly gas demand will increase if supplies rise under the National Energy 
Act of 1978, the current DOE-EIA projections probably understate future gas 
demand. These projections are shown in Table 2. Both retail and new wellhead 
prices are given assuming three supply scenarios. 

The understatement in the DOE-EIA model results from not capturing three 

factors: historical demand growth in the residential/commercial sector; 

future use of gas in new commercial establishments; and historical demand 
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TABLE 2. 1985 Natural Gas Price Projections by 
DOE-EIA (1978 $/103 cf) 

Low Geology/Adj. Demand 
Med. Geology/Adj. Demand 
High Geology/Adj. Demand 

Low Geology/Adj. Demand 
Med. Geology/Adj. Demand 
High Geology/Adj. Demand 

Source: DOE-EIA 1978. 

Retail Prices 
Raw 

Residential Commercial Material 

1985 

Tables 

3.33 
3.31 
3.29 

3.9 
3.25 
3.15 

New Gas Wellhead 

2.81 
2.63 
2.36 

Price 

2.60 
2.55 
2.45 

I and IV, Executive Summary. 

Industrial 

2.64 
2.59 
2.49 

growth from new industrial plants. The failure to capture historical demand 
makes the estimated demand seem more elastic than it actually is. Thus, when 
projecting future gas demand accompanied by much higher gas prices, the pro
jected quantity demanded falls too rapidly. If DOE-EIA has failed to capture 
the real demand for gas, then the marginal gas prices projected by DOE-EIA for 
1985 (shown in Table 2) are too low. 

In their analysis of the compromise natural gas bill, DOE-EIA (1978) 
indicates a supply/demand balance for gas occurring sometime between 1981 and 
1985 depending on the supply response. In the high geology case, supply 
increases more rapidly such that supply and demand are in balance in 1981. 
Under all three geology (supply) scenarios, the price of new gas is so demand
constrained in 1985 that price does not change dramatically even though controls 
are lifted on the price of new gas. Specifically, the new wellhead price of 
gas ranges from $2.36/103 cf to $2.81/103 cf in 1978 dollars and the average 
wellhead price of gas ranges from $1.76/103 cf to $1.84/103 cf. 

The projected new wellhead gas prices in 1985 in the DOE-EIA analysis 

represent lowest likely prices. Three considerations support this contention. 
First, the methodology used by DOE-EIA to adjust gas demand has a downward bias. 
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Second, on a parity basis, projected prices of competitive fuels are consider
ably above those projected for gas. Third, recent projections by others of 
gas demand lie above DOE's supply projections. An example of the second con
sideration can be illustrated using recent projections by the Institute of Gas 
Technology (1977). In the IGT report, Number 2 fuel oil in the residential 
market is projected to reach 57.9¢/gal or $4.19/106 Btu in 1985. (a) Also, trans
mission and distribution costs were projected at $1.76/103 cf for the residential 
market, suggesting an average wellhead price of gas of $2.43/103 cf would be 
reasonable. Comparing the oil price projections of DOE and IGT shows lower DOE 
projections of $3.33/103 cf versus $4.19/103 cf for retail residential gas price 
and $1.91/103 cf versus $2.43/103 cf for average wellhead price respectively. 

In addition DOE supply projections are lower than most demand projections. 
Other projections reported in the next section are comparable to the IGT values. 
Recent gas demand estimates by AGA (1978) suggest 23 to 28 x 1012 cf may be 
needed by 1985. Other estimates for 1990 range from 22.7 x 10 cf to 27.5 x 1012 cf. 
As most of these are greater than the lower 48 production of 16.2 to 19.1 x 1012 cf 
of supplemental supplies projected by DOE-EIA, these supplies should be con-
sidered less than demand. On the basis of this evidence, it appears that 
shortages will continue which should drive prices higher. 

Several studies undertaken in 1977 projected the new gas price in 1985 
assuming deregulation. Table 3 presents the results of six of these studies. 
Because these studies considered the influence of both supply and demand, they 
are included in this section. However, while these studies generally relied on 
fairly elaborate econometric methodologies to project gas supplies, the demand 
for gas was simply assumed to be large enough to take whatever supply came on 
the market as long as the average price of gas was less than the price of 
industrial distillate or residual fuels. Thus users are assumed to shift from 
gas when the price exceeds fuel oils. Without an empirical basis for demand, 
these studies' projections may also be considered to be "parity" determined. 

(a) Current prices indicate the projection by IGT is lagging actual prices. 
This provides further indication that DOE-EIA's projections of future gas 
prices are too low. 
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TABLE 3. Marginal Cost of Natural Gas 
in a Free Market 

Marginal Wellhead Cost 
Study 1980 1985 

AGA 1977a and b 2.65 2.60 
IGT 1977 3.50 2.85 
EOP 1977 2.60 2.76 
eBO 1977 3.17 2.80 
Erickson 1977 2.50 2.50 
Subcommittee 1977 3.9 2.81 

In the IGT, CBO, and Subcommittee studies, the existence of low-priced 
old gas supplies permits marginal supplies to command high prices. It is 
assumed that pent-up demand due to prior curtailment of supplies causes an 
immediate short-term jump in price. This comes about as industrial users with 
fuel switching capabilities reenter the decontrolled market and bid the price 
of gas up to a parity basis with industrial distillate. Some high-cost 
supplies may come to the market in a manner not dissimilar to that in which 
various high cost SNG projects have been approved in recent years. This short
term marginal cost is projected to decline over time as low-priced old gas 
sources are depleted. With the advent of the National Energy Policy Act of 
1978, the start of this predicted price bubble is postponed until the 1985-
1990 period. These high marginal costs, while reflecting prior distortion 
due to regulation, are valid in making society·s choice between alternative 
fuels in those years. The difficulty in their use lies in the short-term 
nature of these marginal costs. For planning purposes, the marginal cost five 
years after deregulation may be the best cost to compare with costs of other 
fuels. In a deregulated market as for a new technology, the best cost for . 
comparison is the cost several years out once economies of production are 
realized. 

Overall the econometric supply-demand analyses suggest a marginal wellhead 
cost of gas in 1985 in the range of $2.81/103 cf to $3.65/103 cf. The latter . 
is the highest price new gas can reach without the average price of gas at the 
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wellhead exceeding $2.43/103 cf. The $2.43/103 cf is limiting since it is 
the Btu equivalent price of oil. Gas prices above this level significantly 
decrease gas demanded. Even if $3.65/103 cf marginal supplies were developed 
by 1985 a decrease in marginal cost would be expected in the succeeding years 
as offsetting quantities of lower-priced old gas decrease. The DOE-EIA study 
projection of $2.81/103 cf presents lower bounds on likely 1985 marginal costs. 
The rationale for the $3.65/103 cf price as the upper bound on marginal gas 
supplies in 1985 is identical to the arguments used in the Subcommittee's 
study and the IGT analysis cited in Table 3; the marginal gas cost has simply 
been updated. 

This study estimates $3.15/103 cf (1978 dollars) as the likely 1985 cost 
of marginal gas supply. There are two reasons for this. First, the pent-up 
demand for gas may be slow to re-emerge. Second, for a regulated public 
utility there is a difference between a transaction which creates a rate and 
one which does not. While development of substitute natural gas (SNG) and 
liquid natural gas (LNG) involves creation of a rate base, the purchase of 
conventional natural gas at high prices does not and may ultimately weaken 
the ability of transmission and distribution companies to compete in end-use 
markets and to maintain load factors. Thus, institutional pressures may hold 
gas price below maximum estimates. 

Btu Parity with Competitive Fuels 

A less involved method of computing the marginal gas cost assigns natural 
gas the Btu equivalent price of the competitive swing fuel adjusted for pre
ferences. The swing fuel is the marginal fuel used to balance energy supply 
and demand. This method is attractive since it takes minimal time and expense. 
Further, due to uncertainties and possible biases in econometric and produc
tion cost based projections, this latter technique may provide reasonable 
estimates of the marginal cost of natural gas. This is especially the case 
in distant time periods when projections are made far out of the range of 
current economic and resource conditions. Parity prices may also be free of 
regulatory distortions. On the other hand they depend heavily on the accuracy 
of price projections for the swing fuel. 
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The price of natural gas cannot be forecasted without knowledge of the 
entire energy supply and demand framework. For example, the market price of 
natural gas is determined by the interaction of its production costs and 
demand, which in turn depends on the supply and price of competitive fuels. 
Prices of other fuels are partially influenced by the supply responsiveness 
of natural gas to higher prices. In a competitive industry with flexible 
prices, marginal cost will rise to the level of prices as production is 
expanded (or contracted). Thus, the specification of the price of the high
est cost energy source which balances energy supply and demand indicates what 
the marginal cost of gas will be after discounts or premiums are added to 
account for differences in user preferences. Periods of disequilibria may 
hold gas above or below this price for a short time, but a tendency for the 
marginal cost to move to this competitive level is generally observed. 

To project the marginal gas cost based on a parity rationale, one must 
first determine the marginal fuel type with which natural gas is competitive 
and which balances energy supply and demand, the price of this marginal fuel, 
and, finally, the differences in user preferences that may exist between the 
marginal fuel and gas. This section first describes several studies that make 
explicit assumptions as to the marginal fuel for which gas is a substitute, the 
future price of this fuel and the nature of user preferences. In the final 
part of this section several forecasts of oil prices are examined. 

Natural gas is a close substitute with residual and distillate fuel oil. 
This close substitutability is partjcu1arly true in the industrial boiler 
fuel market. Many firms have dual--gas and oil--fuel capabilities; as the 
price of one fuel on a Btu equivalence rises above the other, the firms 
switch to the lower-cost fuel. This high substitutability of fuel oil with 
gas does not exist in either the process feedstock market or the residential 
fuel market. In these latter markets, gas clearly carries a premium over oil. 
Until gas supply has fallen such that only these latter two markets are being 
served, gas must remain competitive with either residual or distillate fuel 

oil. Under medium to high geology assumptions, natural gas supply may remain 
in the 15 x 1012cf to 20 x 1012cf range over the next 20 years. With supple

mental supplies added, gas must capture part of the industrial boiler fuel 
market over the entire next 30-yr period given the size of the market segments. 
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The current United States energy supply-demand balance uses imported oil 
as the marginal swing fuel. According to most studies, this current situation 
is generally expected to hold throughout the 1980s. Thus, the marginal cost 
of gas will tend to rise to a Btu equivalent price of imported oil. In the 
1990s and beyond, it is expected that crude oil supply will decline such that 
the marginal swing fuels used to balance energy demand and supply are synthe
tic fuels produced from coal gasification and oil liquefaction. Under this 
scenario both the price of oil and gas will rise to the price of these synthe
tics. In the 1990s, gas and oil resource owners will change their reservation 
price, at which they are willing to offer their resource on the market; rents 
will increase; marginal costs will increase; and costs will increase due to 
the depletion of the resource base. 

Several sources represent the general viewpoint outlined in the preceding 
paragraph. First, the Office of Policy and Evaluation (OPE) of the DOE has 

drafted a tentative formulation on future world oil prices and likely wellhead 
gas prices under this scenario (OPE 1978, p. 136). The assumptions on oil 
prices are that in the near-term (1978-1985) there is little likelihood of a 
rise in the real price; in the mid-term (1985-2000) there will likely be a 
dramatic rise; and in the long-term (2000-2020) oil price is likely to stabi
lize at the marginal cost of a liquid fuel substitute such as shale oil, or 
coal liquids. Table 4 illustrates likely ranges of the average wellhead prices 
of gas under this scenario. In the near-term, both new and old gas prices are 
controlled and thus reflect regulatory distortion. In the long term, the 
wellhead prices projected for 2020 by the OPE's FOSSIL 1 Model reflect average 
prices with some quantities of lower priced old gas. Considering that con
trols have almost run their course, average price is expected to be closer 
to marginal price in the future. 

A study by Foster Associates (1978, p. 111-85) assumed in projecting the 
wellhead price of natural gas under free market conditions that gas price 
would approximate the price, on a Btu basis, of domestic crude oil. Some 
factors indicate that the value of gas should be higher than crude oil; 
other factors indicate that the value of gas should be lower. The value of 
gas increases with respect to other fuels because gas is a clean-burning fuel 
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1975 
We 11 head Pri ces Histor,:i 

Gas ($/ 1012cf ) **.** 
Oil ( $/bbl) **.** 

TABLE 4. FOSSIL 1 National Energy Model 
Projections of Wellhead Gas Prices 

SUl11l1ary Table 
(Fuel-Specific Units) 

in 1978 dollars 

1980 1985 1990 2000 
High Low ~ Low ~ Low ~ Low 

1. 03 1. 03 1.26 1. 26 1.41 1.45 2.10 1. 57 
9.06 9.06 18.43 11 .41 27.50 15.24 35.00 19.57 

Source: Office of Policy and Evaluation 1978. 

2020 
~ Low 

4.14 3.79 
35.59 25.00 

which has great versatility for many industrial processes and does not require 
onsite storage. Furthermore, unlike crude oil, gas does not require the sub
stantial cost of refining. On the other hand, crude oil is refined into gaso
line which has a high value and the cost of transporting oil to the burner tip 
is less than for gas. For the purpose of the Foster study, these factors were 
considered offsetting. Table 5 presents the projected wellhead price of natural 

gas when set at approximately the domestic oil price expressed in 1978 dollars. 
Average retail gas prices are shown in Table 6 escalated to 1978 dollars. 

TABLE 5. Projected Wellhead 
Gas (1978 Dollars) 

Domestic Oil 
Year $/Barrel ¢L106 Btu(a~ 

1985 14.97 258 
1990 16.18 279 
1995 18.60 320 
2000 23.15 399 

(a) 5.8 x 106 Btu/barrel. 
(b) 1035 Btu/cf. 

Price of Domestic 

Domestic Gas 

¢L106 Btu ¢/106 cf(b~ 

258 267 
279 288 
320 331 
399 413 

Source: Foster Associates 1978, p. 1II-85. 
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TABLE 6. Reta i 1 Natural Gas Price Forecast in 1978 
Dollars per 106 Btu at the City Gate 

East East West West 
New Middle South South North North South 

Free Market Case England Atlantic Atlantic Cen tra 1 Central Central Central Mountain Pacifi c 

Residential Sector 

1985 511 460 424 350 372 364 383 326 348 
1990 539 488 452 378 396 391 435 354 376 
1995 584 533 497 423 445 436 480 399 420 
2000 669 618 582 508 530 521 565 484 505 

COlT111ercial Sector 

1985 565 487 427 359 373 364 416 336 354 
1990 593 515 454 387 401 391 444 364 382 
1995 637 560 548 431 446 436 488 408 430 
2000 722 645 584 516 531 521 573 493 511 

Industrial Sector 

1985 520 414 385 309 343 339 341 326 341 
1990 548 442 413 337 372 367 368 354 368 
1995 593 487 458 382 417 412 413 399 413 
2000 677 572 543 467 502 497 498 484 498 

Source: Foster Associates 1978, p. III -90. 

The American Gas Association in recent years has based its analyses of 

gas prices on a parity rationale with oil prices (AGA 1977, pp. 5-6). New 
gas prices, after controls are lifted, are expected to rise to world oil 

prices; world oil prices are assumed to rise only with domestic inflation. 
Neither the Foster Associates study nor the AGA analyses specify whether gas 
supply and demand will be in balance at these prices. Had Foster Associates 
used the Edison Electric Institute's gas demand projections in Economic 
Growth in the Future (1976), a shortage of gas would be present. This EEl 
study shows gas demand at 24.05 x 1012 cf in 1980 and 30.57 x 1012 cf in 2000. 
Likewise, AGA's demand projections have been higher than its own supply pro

jections (AGA 1978). 

The preceding studies indicate the importance of world or domestic oil 
prices in projecting new gas prices. T"'/o world energy models (WAES and l~IN)(a) 

(a) See Workshop on Alternative Energy Strategies (WAES), and Dayal 1977. 
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have been developed that project long-term oil prices under a number of alter
native scenarios. For the purposes of projecting the marginal cost of gas, 
these scenarios are useful because they suggest future ranges for crude oil 
price with which new gas price may reach parity. Permitting a flexible price 
to balance supply and demand (this decreases price distortion), the WAES 
model with reference case assumptions shows a dramatic increase in oil prices 
in the 1990s. Prices of oil projected by WAES are shown in Table 7. 

TABLE 7. Price of Oil, Projected by 
WAES in Flexible Price 
Scenario (1978 $/bbl) 

1979 
1981 
1983 
1985 
1987 
1989 

14.99 
17.83 
20.38 
22.35 
22.60 
21.46 

1991 
1993 
1995 
1997 
1999 
2001 

22.21 
26.07 
31.68 
37.41 
41.65 
45.71 

Of the scenarios for the price of oil, only the Foster Associates study 
(1978) does not project a price approaching the cost of synthetics. Foster 
Associates show only a 50% increase in the real price in the 1976-2000 period. 
Considering the rapidly depleting reserve base of both oil and gas, this low 
projection of oil price rise is rejected. On the other hand, the econometric 
models from which supplies have been forecasted are largely based on data from 
before 1974, when a new price-cost relationship developed. Therefore, this 
study assumes that additional reserves will be found as a result of the recent 
increase in exploration activities and that these new finds will delay the 
supply-demand imbalance by five years. The depletion of gas and oil reserves 
with current production levels will occur but future increases in real prices 
may not occur as rapidly as forecasted by WAES or FOSSIL 1. 

MARGINAL COST OF SUPPLEMENTAL NATURAL GAS SUPPLIES 

The gas utility industry is pursuing a program to augment natural gas 

production in the lower 48 states with additional sources of natural gas. 
These sources are comingled with natural gas in the pipeline system and make 
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up part of the marginal supply. Already, natural gas is imported from Canada, 
synthetic natural gas (SNG) is manufactured from petroleum feedstocks, and two 
liquified natural gas (LNG) projects are operating in the United States. Other 
LNG projects, Southern Alaskan gas, Mexican gas, and coal gasification plants 
may be expected to provide additional supplemental gas in the coming years. 
In general, supplemental gas projects involve long lead times due to plant and 
transportation construction, regulatory review, and producer/gas company nego
tiations. 

Tables 8, 9, 10 and 11 present the projected prices and specific mix of 
natural gas supplies in several future periods that were assumed by AGA, Foster 
Associates and the Department of Energy's Energy Information Agency (1978). 
Once the prices are expressed in 1978 dollars, there is only partial agreement 
on price among these studies. For example for 1985, the projected SNG prices 
are $4.66/103 cf by DOE-ErA, $5.63/103 cf by Foster Associates, and $6.49/103 

cf by AGA. According to these studies supplemental supplies will make up from 
13.4 to 16 percent of total supplies in 1985. Further, the percentage of total 
supplies from supplemental sources is expected to continually increase. Foster 
Associates show supplemental sources constituting 35% of the total in the year 
2000. 

The National Gas Policy Act of 1978 (P.L. 95-621,92 Stat. 3350) includes 
an incremental pricing provision which specifies the user to whom the costs of 
these supplemental supplies are passed. User classifications include residen
tial, commercial, and industrial; they are defined by size and the function 
for which gas is used. This incremental pricing provision causes the prices to 
the user to be distorted; however, after 1982 or 1983, the industrial gas price 
will rise to parity with distillate. Supplemental gas costs will be passed on 
to higher priority users--the residential customers. Thus, the actual marginal 
cost of gas in the mid-1980s should not reflect regulatory price distortion 

but actual costs. 

The marginal supplemental gas sources are SNG, coal gas (also referred 
to as SNG), LNG, and Alaskan gas. The supply of each is projected to increase. 

Recent ERA decisions suggest LNG may not be allowed to increase as much as 
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TABLE 8. AGA's Assumed Supplemental Gas Volumes 
and Prices (1978 Dollars) 

1980 1985 
Volume Price Volume Price 

(1012 cf/yr) ($/106 Btu) (1012 cf/Y..r) ($/106 Btu) 

Alaskan O. 1 2.42 0.1 3.11 
Canadian Import 1.0 3.50 0.9 4.38 
Mexican Import 0.4 3.77 0.7 6.19 
SNG 0.3 4.98 0.3 6.99 
LNG 0.6 2.10 0.6 2.53 
Coal Gas 0.2 6.99 --

TOTAL 2.4 (12%) 3.54 2.8 (15%) 4.98 
Lower-48 17.8 (88%) 16.3 (85%) 

TOTAL 20.2 19. 1 

Source: AGA 1977. 

TABLE 9. Assumed Supplemental Gas Volumes and Prices 
Delivered to Distribution Companies 

1980 1985 
¥~lume Price V~lume Price 

(l0 cf /y"r) {$/l 06 Btu} (l0 cf/y.r) {$/10 Btu) 

Alaskan 0.8 5.10 
North American 1.8 3.54 2.1 4'.76 

Imports 
SNG 0.5 4.62 0.9 6.49 
LNG 0.6 2.40 1.6 2.97 
Coal Gas 0.04 5.00 0.2 6.63 
TOTAL 2.94 3.51 5.6 4.64 

Source: AGA 1978. 
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TABLE 10. Calculation of U.S. Average Price of Natural Gas 
in 1978 Dollars (¢/106 Btu) 

Free Market Case 
Lower 48 Field Price 

Price 
weight(a) 

Canadian City Gate Price 
Price 
Weight 

SNG City Plant Price 
Price(b) 

Weight 
Alaskan Gas City Gate Price 

Price 
Weight 

LNG City Gate Price 
Price 
weight(c) 

Weighted Average 

(a) High production level. 

1985 

258 
0.84 

294 
0.04 

563 
0.03 

294 
0.05 

294 

0.04 
269 

1990 

279 
0.79 

315 
0.04 

474 
0.05 

315 
0.05 

315 

0.07 
294 

1995 

320 
0.70 

356 
0.03 

510 
0.06 

356 
0.11 

356 
0.09 

337 

(b) Average Lurgi and Bi-Gas process for all regions. 
(c) Ba se case. 

2000 

399 

0.66 

435 
0.03 

554 
0.08 

435 

0.11 

435 
0.11 

416 

Source: Foster Associates 1978, Schedule 111-2-2, Sheet 2 of 2. 
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TABLE 11. DOE-EIA's Assumed 1985 Volumes and Prices for Imported, Alaskan and 
Synthetic Gas (Volumes in 109 cf/Yr and Prices in $/103 cf, City Gate 

Mid- South North North 
N-Eng. NY/NJ Mid-Atl. S. At1. west West Central Central West West 
~ ~ (3) (4) ~ ~ P) ( 8) ~ .:l!QL 

Volume 4.0 5.8 255.0 32.8 392.0 213.2 

Canadian 

Price 2.10 2.10 2.10 2.10 2.10 2.10 

Volume 12.3 39.1 52.6 85.4 242.0 47.1 38.7 7.3 210.2 14.6 

Alaskan 

Price 3.59 3.55 3.46 3.25 3.40 3.08 3.31 3.17 3.16 2.97 

Volume 25.9 62.1 40.9 128.8 143.8 
LNG 

Price 3.83 3.53 2.71 3.53 4.24 

Volume 52.2 83.6 124.5 273.1 4.7 

SNG 

Price 4.67 4.67 4.67 4.66 4.54 

Source: EIA 1978. 

'Note: Medium geology scenario projects 16.9 x 1012 cf of lower-48 natural gas production in 1985. Conventional supplies 
then make up 86.6% of supplies and Alaskan and synthetic gas make up 13.4%. 

Total 
or Avg. 

Price 

902.8 

2.10 
749.4 

3.28 

401.5 

3.72 

539.1 

4.66 



these studies indicate. (a) As coal gasification is the highest cost source, 
this supplemental source may best reflect the marginal cost of the last 0.5 
1012 cf of supplemental gas supply added during the 1985 to 2000 period. 

MARGINAL COST OF TRANSMISSION AND DISTRIBUTION 

In projecting the marginal cost of gas at the retail level (where fuel 
choice is made), future trends in transmission and distribution costs must be 
taken into account. This analysis assumes that the rate structure of gas pipe
lines and distributors will not change greatly. Future changes in their costs 
will be caused by changes in the load factor and by increased costs of pur
chased fuels. Because fixed capital costs are the largest component of pipe
line costs and a large proportion of distribution costs, changes in load factors 
will mainly affect average costs. The amount of gas used in transportation 
increases with the amount transported though within a narrow range. Increases 
in future marginal costs will be primarily due to the increased cost of gas 
consumed in transmission. 

Currently the marginal cost of transportation is calculated at $0.35/103 cf. 
This estimate is an average of the marginal cost implied in a Zinder Associates 
study (1975) and an Institute of Gas Technology report (1977) expressed in 
1978 dollars. Projected changes in this marginal cost are based on the methodo
logy outlined in a 1978 Foster Associates study. In the latter study, total 
transportation costs are set equal to quantity times the expression of average 
transportation cost plus 0.07 times the change in the wellhead price. The com
putation of the marginal transportation cost of gas in 1985 and 1990 yields 
estimates of $0.50/103 cf and $0.52/103 cf respectively expressed in 1978 dollars. 

SUMMATION OF MARGINAL PRIVATE COST COMPONENTS 

The marginal private cost of natural gas for the average gas user in the 
United States has been estimated in this section. Marginal private costs include 

(a) The Economic Regulatory Administration, DOE, rejected Tenneco's TAPeO LNG 
project December 18, 1978 and on December 21, 1978 rejected the El Paso 
II LNG project because the applications failed to demonstrate critical 
needs. 
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both production and non-production costs and are estimated as if the market 
for natural gas were in equilibrium. With reference to Figure 2, the marginal 
costs estimated for years 1985, 1990, 1995, and 2000 are represented by P2 
or point A. 

In 1985, the marginal cost for conventional natural gas is best approxi
mated by the econometric supply-demand methodology. The parity price of dis
tillate oil suggests a limit on how high the average price of gas may rise 
($3.65/103 cf). However, the process of gas capturing new markets to a) replace 
the electric power market curtailed by public policy and b) dispose of addi
tional supplies resulting from higher prices and the promised deregulated 
environment indicate demand may constrain new gas prices at a lower level. 
While DOE-EIA projected a price of $2.81/103 cf, this study presented a 
rationale for a higher price of $3.15/103 cf. It is expected that conventional 
gas will make up 85% of new gas supplies (see AGA analysis in Table 8). The 
marginal supplemental gas is assumed to be SNG from coal gasification which is 
projected to cost $4.86/103 cf. Marginal transmission and distribution costs 
together are projected at $0.67/103 cf in the residential sector and $0.52/103 cf 
in the commercial sector. The resultant 1985 marginal private gas costs at 
the retail level for the two sectors of $4.08/103 cf and $3.93/103 cf respectively 
are shown in Table 12. 

TABLE 12. Marginal Private Cost of Natural Gas (1978 $/103 cf) 

Marginal Private % of Marginal % of Marginal Transmission Marginal Private 
Wellhead New Supplemental New & Distribution Costs Retail Gas Cost 
Gas Cost ~ Gas Cost ~ Residential COlTlTlercia1 Residential Commercial 

1985 3.15 85% 4.86 
(2.81 to 3.65) 

15% .67 .52 4.08 3.93 

1990 3.45 80% 4.43 
(3.36 to 3.94) 

20% .69 .54 4.34 4.19 

1995 4.28 70% 4.93 
(4.28 to 4.74) 

30% .75 .60 5.23 5.08 

2000 5.17 65% 5.36 35% .81 .66 6.05 5.90 

By 1990, the potential demand for natural gas is expected to grow relative 
to supply such that the limitations on gas prices observed in 1985 are of 
negligible importance unless further restrictions on gas use are enacted. Some 
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lower-priced old gas is likely to remain; thus, new gas price could exceed 
that of fuel oil. The lower bound on the marginal cost of conventional gas is 
$3.36/103 cf and is due to higher prices of oil and gas resulting in new 
supplies which will tend to limit real increases in oil and gas prices. The 
upper bound of $3.94/103 cf may occur if the higher prices do not bring forth 
larger new supplies. This study assumes that the lower limit is more likely. 
Supplemental gas supplies are projected to continue to account for an increasing 
portion of new gas supplies and to experience some production cost economies 
from their 1985 level. Transmission and distribution marginal costs are pro
jected to increase in real terms due to the increased cost of natural gas. 
Marginal private costs of gas in 1990 are also shown in Table 12 and are pro
jected to be $4.34/103 cf for the residential sector and $4.19/103 cf for the 
commercial sector at the retail level. 

In 1995 the proved reserve base for both natural gas and crude oil is 
expected to show depletion in spite of the incentive to exploration provided by 
the higher real costs. Further, lower priced old gas supplies in the United 
States will be minimal. Using a parity rationale, the marginal cost of gas 
will be constrained by oil at $24.80/bbl resulting in a price of $4.28/103 cf. 
The rate of increase in marginal cost of gas is limited over the 1990 to 1995 
period due to the diminished quantities of old gas whose rolled-in costs had 
previously permitted marginal supplies to command a higher price. The upper 
bound on gas prices in 1995 is projected at $4.74/103 cf which would approach 
the price of synthetic fuels. With diminishing gas and oil supplies, synthetic 
fuels may be increasingly used to balance energy demand and supply. Supple
mental gas supplies are projected to constitute 30% of new gas supplies in this 
period and their price is projected to rise with the cost of resources. The 
marginal private retail costs of natural gas are projected at $5.23/103 cf and 

$5.08/103 cf in the residential and commercial sectors. 

In 2000, the marginal gas cost of as well as the marginal cost of oil will 
approach the cost of synthetic fuels, which is projected at $5.17/103 cf. The 
uncertainty in use of this estimate stems from the possibility of a technological 

break-through in some new energy source which would increase the supply of 
synthetics at lower cost. Such a development~ however, is not yet on the 
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horizon. Supplemental gas is expected to constitute 35 percent of new gas 
supplies and come on the market at $5.36/103 cf. The marginal transmission 

and distribution costs rise to $0.81 and $0.66/103 cf for the average U.S. 
residential and commercial user. Projected residential marginal private cost 

of gas is $6.05/103 cf while the commercial cost is $5.90/103 cf at the retail 
level. 
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EXTERNAL COSTS OF NATURAL GAS 

External costs exist whenever some of the costs associated with the pro
duction or consumption of a commodity such as natural gas are not paid by either 
the producers or the consumers. These external costs may take the form of dol
lars invested by the public and/or private sectors to eliminate undesirable 
effects of production or consumption. Or they may take the form of undesirable 
changes in goods such as air quality for which there is no market. In either 
case when the undesirable effects can be identified and quantified, their 
monetary costs can be estimated. Estimates of some of the external or non
market costs resulting from natural gas production, transmission and combustion 
follow. 

COSTS OF REGULATION 

In response to alleged abuses of monopoly power in the early 1900s, the 
Natural Gas Act of 1938 instituted regulation of interstate gas sales. Regula
tory responsibility was vested in the Federal Power Commission (later the 
Federal Energy Resource Commission). Management of federal land use and leas
ing for resource development including gas is handled by the Bureau of Land 
Management. Portions of the budgets of both of these agencies contribute to 
the total social cost of natural gas production. 

The budget allocations to the FPC for regulation of natural gas as recorded 
in the Appendix to the Federal Budget for the fiscal years 1970-1977 were con
verted to 1978 dollars. These are shown in Table 13 along with Bureau of Land 
Management (BLM) budget allocation estimates, also in 1978 dollars. The BLM 
estimates are based on the assumption that the proportion of total budget 
spent on gas is equal to the ratio of gas to total fossil fuel production on 
federal lands (Cone et al. 1978, p. 196). 

Taken together the FPC and BLM budgets attributable to natural gas regu
lation have been increasing at the rate of about 20% annually in real terms. 
The drastic increase in the BLM budget is due to a variety of factors including 

the requirement of environmental impact statements. Figures 5 and 6 show the 
budget growth for these two agencies both in absolute terms and in cents per 
106 Btu of marketed production. 
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TABLE 13. Federal Expenditures for Natural Gas 
Regulation (millions of 1978 dollars) 

Federal Power Bureau of Land 
Year Commission Management Total 

1977 20.7 34.5 55.2 
1976 17.7 12.6 30.3 
1975 16.7 11 .9 28.6 
1974 12.6 7.9 20.5 
1973 10.8 6.7 17.5 
1972 10.5 5.7 16.2 
1971 9.7 4.5 14.2 
1970 9. 1 3.5 12.6 

The effect of the National Gas Policy Act of 1978 on the costs of regula
tion is presently unknown. It is unlikely, however, that the costs will show 
a sharp or immediate decline given the complexity of the pricing system. Thus 
the present budget level may be a good indicator of costs in the near future. 
While the combined gas regulation costs of the two agencies totaled $55.2 
million (1978 dollars) in 1977, this was only $0.0028/106 Btu of marketed pro
duction. Information on the costs of Public Service Commission regulation at 
the state-level was not available for this study. 

SUBSIDIES 

Natural gas production is subsidized in a variety of ways. Until the tax 
revision of 1975 was passed, the depletion allowance was probably the largest 
source of subsidization for the gas industry. Prior to its passage Brannon 
(1974) estimated that the tax benefits resulted in gas prices roughly 10% 
lower than would have been the case without preferential tax treatment. Under 

the present tax regulation this price distortion due to a tax advantage has 
largely disappeared. Research and development funding is now the major source 
of subsidy for natural gas. 
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Research and Development 

Most of the publicly funded research related to natural gas is initiated 
by either the Department of Energy or the Geologic Survey. Though research 
affecting natural gas is funded by other agencies such as the Department of 
Agriculture, the amounts are insignificant relative to the DOE budget. 

In 1978 the Department of Energy allocated 200 million dollars to gas
related research which included $52 million for research on the production of 
gas from unconventional sources such as coal and oil shale. The growth in 
these expenditures since 1970 is shown ;11 real terms in Table 14. A detailed 
examination of the 1978 DOE program budgets revealed that 34% of the total 
was dedicated to gas research. This percentage was applied to the total bud
get to estimate the annual allocations shown in the table. Due to energy 
resource depletion, it is expected these expenditures will remain constant 
or increase in the future. 

TABLE 14. Total Research and Development Funding for 
Natural Gas (millions of 1978 dollars) 

Geologic 
Year DOE Surve~ Total 

1978 200.00 25.00 225.00 

1977 167.58 24.95 192.53 

1976 137.54 28.03 165.57 
1975 121.85 22.13 143.98 
1974 28.13 13.72 41,85 

1973 21.28 13.72 35.00 

1972 16.13 12.34 28.47 

1971 15.50 11.95 27.45 

1970 11.58 12.30 23.88 

Source: Cone et al., 1978. 
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Data from the U.S. Geologic Survey are made available to oil and gas drill
ing companies to aid in siting wells. Gas composes 24% of the fossil fuels 
extracted from lands covered by the Geologic Survey, so that percentage of the 
agency budget is attributed to the social cost of gas. Table 14 shows costs 
for 1970 to 1978. While these estimates may overstate the gas-related costs 
of the Geologic Survey, it is likely that the estimate of total publicly funded 
research expenditures is still conservative given the omission of funding by 
other agencies. 

The total of DOE and Geologic Survey subsidy for 1978 equals $0.0115 per 
106 Btu. Figures 7 and 8 show the expenditure trends for both agencies in 
absolute terms and in cents per 106 Btu. The rate of increase in real terms 
since 1975 has been close to 12% annually. 
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DAMAGE COSTS 

Environmental and health effects of fuel production are the sources of 
most of the external (nonmarket) costs considered in discussions of social 
cost. In the case of natural gas the level of damage per 106 Btu appears to 
be quite low relative to that of coal and somewhat lower than for oil. Most 
of the empirical estimates of damages have been carried out in situations with 
relatively high quantities of emissions and effluents. A linear interpolation 
of these damage estimates to the case of natural gas may well overstate the 
true damages. 

Both the nature of the damages and their relative impact vary with the 
type of gas. Coal gasification and LNG processes involve higher damage risks 
than does conventional gas production. As these processes account for an 
increasing proportion of gas production, the total cost of damages will 
increase. The rate of increase in LNG importation is shown in Table 15. 

If the external effects of resource production or consumption are known, 
then the value of those effects can be estimated. Some damages which occur as 
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TABLE 15. LNG Import Data 

% of 

106 cf 1012 Btu 
Total 

Year Consumption 

1977 11 ,324 11 .5504 0.06 
1976 la, 155 10.3581 0.05 
1975 4,893 4.9909 0.025 
1974 a 0 a 
1973 4,055 4.1361 0.02 
1972 2,262 2.3072 0.01 
1971 2,933 2.9916 o. 01 
1970 757 0.7721 0.0035 

Before 1970 a 0 a 

Source: AGA 1978. 

a result of fuel production affect private property or individuals' health. 
Several methods are available to estimate the value of these damages which can 
then be multiplied by the rate of incidence of the damage to get total cost 
estimates. Where a common property resource such as air or water quality is 
affected, the estimation of social cost becomes more complex. 

While estimates of the willingness of people to pay to avoid damages or 
to accept compensation for the damage can be made, the number of people affected 
is unknown in many instances. A clearly defined boundcry between affected and 
unaffected populations is lacking; indeed it is likely that the rate of damage 
declines steadily with distance from the source. None of the empirical studies 
reviewed(a) went beyond estimation of willingness to pay per person to develop 
aggregate cost estimates. 

Emissions 

While there are minor damages to water and land resources as a result of 
natural gas production processes, most of the emissions affect air quality. 
Table 16 shows emissions estimates per million Btu of gas input to each 

(a) See appendix of Nieves et al. (1979) for an annotated list of the studies 
reviewed. 
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TABLE 16. Estimates of Emissions from Natural Gas Processes(a) 

Natural Gas Processes 
Em1ss~ons in Gathering NGL H2S Transmission LPG Underground Gas Residential 
1 bL1 0 Btu Extraction PiQe11ne SeQaration Removal P1Qe1ine Trucks Storage Holders Combustion 

Particulates 6.70 x 10-4 8.5 x 10-5 4.9 x 10-4 1.84 x 10- 2 

NOx 5.3 x 10- 3 3.76 x 10-3 5.68 x 10-4 2.06 x 10- 1 1.39 x 10-2 2.44 x 10- 2 2.44 x 10- 2 4.85 x 10- 2 

SOx 1.9x1O-5 2.84 x 10-6 1.02 x 10-3 5.52 x 10- 4 

Hydrocarbons 5.54 x 10-1 1.26 x 10-3 1.89 x 10-4 1.39 x 10-3 7.78 x 10- 3 

CO 1.26x10-5 1.89 x 10-6 8.46 x 10- 3 1.94 x 10- 2 

Aldehydes 3.14 x 10-4 4.72 x 10- 5 2.26 x 10-4 9.68 x 10- 3 

Thermal 7.75x10-3 8.10 x 10-2 

LNG Processes 
Emissions in Storage 
1 b/l 06 Btu liguefaction Tanks Tank VaQorizat1on 

Particulates 6.3 x 10- 5 3.74 x 10-4 

.,::. NOx 7.08 x 10-1 8.74 x 10-4 2 x 10-3 
0 

SO x 
6.72 x 10-4 1.18 x 10- 5 

Hydrocarbons 3.08 x 10- 5 1.57 x 10-4 

CO 1.24 x 10- 5 3.92 x 10-4 

Aldehydes 8.7 x 10- 6 2.16 x 10-4 

Thermal 1.03 x 10- 5 

Source: Meres 

(a) Estimates are unlikely to be off by more than fifty percent. 



production distribution process. No data were available on emissions resulting 
from the extraction process, since the major instance of emissions is the 
release of hydrocarbons in the event of a well blow-out and this is an uncommon 
event. Estimates of damages attributable to gas where gas and oil production 
are associated are also unavailable. 

The phYSical effects on property and health of the airborne emission from 
natural gas are similar to the effects of airborne emissions from other sources. 
In addition, it is virtually impossible to identify the sources of airborne 
emissions. As a result the estimation of damages associated with natural gas 
requires linkage of emission quantities to damage values through a series of 
complex models. The required linkage of information is diagrammed in Figure 9. 
Currently, the weakest links in this chain of information are the air quality 
or disperSion model and the damage function models. 

MODEL OF 
DAMAGE 

01 SPERSI ON FUNCTI ONS 
SOCIAL FOR MAlERIALS EXPOSURE EMI SSIONS r-- AND .......... ECOSYSlEMS, ........ MODEL --- COST 

ESTlMAlES CHEMICAL MODEL 
TRANSFORMATI ON HEALTH, 

AMENITIES 

SOURCE 1- --I DOSE 1---1 RESPONSE 1- - -I QUANTITY 1- --I VALUE 

FIGURE 9. Framework for Estimation of Social Costs Due to Emissions 

Emissions quantities are less critical in determining social costs than 
is the rate of dispersion. Ultimately the extent of the damage incurred due 
to emissions is a function of characteristics such as stack height, meteoro
logical conditions, particle size and chemical reactions. Use of dispersion 
models in estimating the external effects of natural gas would require aggrega
tion of many site-specific analyses so the problem has generally been handled 
through avoidance by limiting research scope to a single site or generic 

analysis (North and Merkhofer 1975). The other approach taken has been to use 
air quality data without any .relation to emissions sources or quantities 
(EPA 1977). 
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In spite of the lack of empirical information on dispersion rates and 
patterns, some generalizations can be made which are pertinent to natural gas. 
The combustion of gas in buildings for heating purposes is likely to be 
associated with a higher rate of health and property damage than combustion 
of the same quantity of gas at a power plant. This is due to the lack of 
opportunity for emissions dispersion prior to reaching concentrations of popu
lation. No complete and thorough analysis of the relative merits (based on 
emission damages) of gas heating versus gas-generated electric heating was 
found in the literature. 

Damage functions describe the relationship between quantities of physical 
changes, in health, materials or vegetation for example, and changes in air 
quality. While some indication of these relationships may be gained from 
laboratory experiments, in many cases the relationships are too complex and 
reactions too slow to permit controlled experimentation. As a result the 
specification of damage functions is based for the most part on correlations 
between air quality and epidemiological, agricultural or economic time series 
data. Bausell (1978) recently reviewed the major epidemiological studies 
related to air pollution and pointed out the need for research on both pollu
tant interactions and exposure interactions. Our knowledge of these relation
ships for most of the emissions produced by natural gas is quite weak. 

There have been many attempts to specify damage functions for some of 
the more easily identifiable airborne factors such as suspended sulfate and 
sulfur oxides. Discussions of the state of current knowledge in regard to 
these pollutants are included in Finklea (1978), Commission on Natural Resources 
(1975), Leung (1978), Bausell (1978) and Wilson (1978). In spite of the 
development of damage functions for airborne sulfur concentrations, the lack 
of prerequisite information on the relationship between natural gas emissions 
and regional air quality prevents the estimation of actual damages. 

Exposure models incorporate demographic, economic and/or ecological 
characteristics for the area affected by the emissions. They provide the basis 
for estimating the quantity of expected effects as a function of the quantities 
of materials, plants or population in a region susceptible to damage. 
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Estimates of the social cost of damages may be developed for health effects, 
deterioration of materials, vegetative growth impairment, reduced visibility, 
etc (DECO 1972). Reviews of the various methodologies currently used to con
struct cost estimates for a broad range of types of damages are contained in 
Maler and Wyzga (1976) and Liu (1976). Since environmental damages attributable 
to natural gas could not be rigorously estimated within the scope of this study, 
the related social cost models will not be discussed here. 

Accidents 

The only external cost estimates that have a strong basis for inclusion 
in this study are those associated with accident-related injuries and fatalities. 
While there is information on employees' work days lost due to accidents, the 
value of that time is part of the marginal private cost of production and is 
therefore excluded from the external cost estimate. 

There are several methods commonly used to provide minimum estimates of 
the value of a life. One major approach estimates the value of the lost 
productivity due to early mortality. Thus the productivity approach equates 
the value of a life to the value of a person's gross or net output. The 
major alternative approach estimates the value of life from evidence of public 
and private actions and statements which reveal the rate of tradeoff between 
life-threatening risk and money. While the range of values found in the 
literature is great, figures of from $300,000 to $500,000 (1978 dollars) are 
commonly used. For the purposes of this study a cost of $400,000 per life 
lost will be used. In the absence of any information regarding the nature and 
severity of gas-related injuries, a cost of $40,000 per injury will be used. 

Accidents associated with natural gas mainly occur in the form of well 
blow-outs during drilling, release of sulfur compounds during processing and 
pipeline failures during transportation (EPA 1977). Liquified natural gas 
presents additional accident risks through uncontrolled vaporization, though 
there has not been a major accident of this type since the 1940s. Because of 
the difference in accident types and risks LNG is treated separately in this 
section. 
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Well blow-outs are most likely to occur in drilling exploratory wells or 

in servicing producing wells. In either case, if the gas is released with 
sufficient impact equipment may be damaged and if the gas ignites both equip
ment and lives may be lost. While such accidents are infrequent the extent 
of the resultant damages may be great. The rate of occurence of injuries 
to industry workers in the extraction process is included in Table 17. While 
information on property damage associated with these accidents was not avail
able, the social cost estimates will not be distorted since the losses of 
gas-producing companies will ultimately be passed on to consumers as a cost of 
production. 

TABLE 17. Occupational Accident Rates for Extracting, Gathering, 
Processing, Transmitting and Distributing Natural Gas 

Accident Rate per 106 Btu of Gas Input to Process 
Fatalities Injuries Man-Days Lost 

Extraction 
Offshore 
Onshore 

Gathering 
Pipeline 

Processing 
Natural Gas Liquid 
Hydrogen Sulfide 

Transmission and 
Distribution 
Pipeline 

6 9 1 0-2 
. x 1 

8.1xlO-

-2 3.1 x 10 

-1 4.1 x 10_2 
2.1 x 10 

4.0 x 10-1 

Source: Hittman Associates, Inc. 1974. 

3 0 1 0-1 0 
• x 9 

3.6 x 10-

-9 1.1 x 10 

-9 3.7 x 10_9 
1.9 x 10 

1.4 x 10-8 

-8 2.5 x 10 

9.7 x 10-~ 
5.1x10-

3.2 x 10-7 

Gas processing carries the hazard of hydrogen sulfide removal. Releases of 
this gas may cause bronchial irritation and death. The rate of occurence of 
lnJuries from release of H2S is included in Table 17. The accident rates in 
this table are standardized in terms of 106 Btu. The rates have a range as 
low as 0.3 injuries/1015 Btu processed. 
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Most pipeline accidents result from either corrosion or outside forces 
which cause pipeline breaks. During 1975 there were 1,373 pipeline accidents 
reported in the U.S., over two-thirds of which resulted from damage by outside 
forces (mainly by construction or earth-moving equipment). The next largest 
number of accidents resulted from earthquakes and other natural forces. Most 
of the resultant fatalities and injuries affected nonemployees of pipeline 
companies (EPA 1977b). The accident rates for all pipeline related injuries are 
summarized in Table 18. While there have not been any major natural gas
related disasters since the San Francisco earthquake and fire, pipeline failures 
in earthquake-prone areas could result in significant damages. 

Fa ta 1 iti es 
Injuries 

TABLE 18. Total Fatalities and Injuries Related to 
Natural Gas Pipelines in 1975 

Accident Rate Per 
Employee 

2.8 x 10-10 

2. 1 x 10-9 

106 Btu Delivered 
Nonemployee 

5.0 x 10-10 

1. 1 x 10-S 

to End Use Points 
Total 

7.S x 10-10 

1.3 x 10-8 

Source: EPA 1977. 

r,1ost of the accident risk associated with LNG results from its cryogenic 
properties. Sudden vaporization may involve explosive force and as the vapor 
mixes with air it may be ignited. While there have been few major accidents, 
one in a Cleveland storage facility in 1944 had a strong negative impact on 
growth of the LNG industry. The resulting fire claime:! 130 lives, left 300 
people injured and did $10,000,000 worth of damage (Simmons 1974; Van Horn and 
Wilson 1976). While accidents may occur in tankers, transfer points, liquefac
tion or vaporization plants, the greatest risks appear to be associated with 
storage facilities. Although accident probabilities have been the subject of 
considerable research, there is little data aJailable to validate the engineer
ing estimates. Thus, none of the associated social costs are incorporated in 
this study. 
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AGGREGATION OF ESTIMATES 

Social costs vary with the source of natural gas supply, whether it is 
domestic or imported, conventional or synthetic and whether or not it is 
converted to LNG for transportation. This is because the main factors affect
ing the level of social cost are the marginal cost of production (excluding 
transmission related costs) and the marginal cost of environmental externalities. 
Variation in these two factors may lead to a wide range of social cost values 
across regions of the United States depending upon the primary source of natural 
gas in each region. The most economically efficient pattern of gas consumption 
should occur when the gas price used to determine consumption levels in a region 
is as close as possible to the actual social cost of natural gas delivered to 
buildings in that region. To develop such estimates of social costs, we 
examine the sources of supply to each state, summarize the social cost compo
nents and discuss the likely trends in regional cost variation. 

SOURCES OF GAS SUPPLY 

The U.S. gas supply is characterized by a diversity of sources and a broad 
range of costs. Because of the nature of the transmission system, neither the 
sources nor the costs are easily traced to the end user. What is generally 
referred to as natural gas mayor may not originate in association with oil 
and may be synthesized from coal or organic materials. It may be produced from 
domestic wells either on- or offshore or may be imported, perhaps as LNG. Each 
of these different supply sources involves different stages in production and 
transmission and thus different social costs. Figure 10 shows the main steps 
in the flow of gas from the various sources to end users. 

While onshore and offshore production differ to some degree in the type 
and extent of environmental impacts, their similarities are much greater than 
their differences. The technology of offshore production results in slightly 
more significant environmental impacts than onshore production does because 
the effluents are emitted to and contaminate water as well as the atmosphere. 
Once the gas reaches the gathering pipelines however, onshore and offshore gas 
are undifferentiable as indicated in Figure 10. 
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FIGURE 10. Gas Supply Stages 

Imported gas is delivered to the U.S. from Canada in pipelines and LNG 
trucks, from Mexico via transmission pipelines, and from Algeria in LNG tankers. 
In the case of all imported gas the external costs associated with environ
mental or health damages resulting from gas production and conditioning are 
borne by the exporting country rather than by the u.s. Though imported gas 
is undifferentiable from domestic gas once in the transmission pipelines, 
LNG must first be regasified. Thus, it requires an additional process step 
with additional costs and risks. While the use of LNG has been growing, it 
currently constitutes less than 1% of total U.S. supply and is used mainly on 
the East Coast. Table 19 shows the quantities of gas imported annually since 
1970. 
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TABLE 19. Imports of Natural Gas to the 
United States, 1970-1977 

(Millions of Cubic Feet} 
Year Total Canada Mexico Algeria 

1977 1,010,431 996,723 2,384 11 ,324 
1976 963,768 953,613 ° 10,155 
1975 953,007 948,114 ° 4,891 
1974 959,285 959,063 222 ° 1973 1,032,903 1,027,216 1,632 4,055 
1972 1,019,495 1,009,092 8,140 2,262 
1971 934,547 910,925 20,689 2,933 
1970 820,781 778,688 41,336 757 

Source: Federal Energy Regulatory Commission. 

It is expected that in the future an increasing proportion of the gas 
consumed will be synthetic natural gas (SNG) from coal gasification and similar 
processes. Since the private production costs and perhaps the external costs 
of SNG are higher than those for natural sources, increases in SNG use may 
strongly affect the marginal social costs of natural gas. 

Since gas from various sources is blended in the transmission pipelines, 
it is quite difficult to determine where gas at any end use point originated. 
Figure 11 shows the location and direction of major gas flows in interstate 
markets but does not begin to indicate the complexity of the delivery system. 
Through simultaneous solution of a multi-equation model the FPC estimated the 
quantities of interstate and imported gas consumed in each state. Intrastate 
consumption estimates were added to the FPC estimates in Table 20 to provide 
estimates of the proportion of gas used in each state that originated onshore, 
offshore or as imports. 

SUMMARY OF COST ESTIMATES 

The components of the social cost of natural gas for which estimates 
could be developed within the scope of this study are marginal production and 
transmission costs, the cost of regulation administration, the cost of direct 
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TABLE 20. Estimated Gas Consumption for States by 
Source, 1974 (in 109 cf) 

A1 abama 

Alaska 

State 

Ari zona 
Arkansas 

California 

Colorado 

Connecticut 

Delaware 

District of Columbia 

Florida 

Georgia 

Hawaii 

Idaho 

Illinois 

Indiana 

Iowa 

Kansas 

Kentucky 

Louisiana 

Maine 

Maryland 

Massachusetts 

Michigan 

Mi nnesota 

Mississippi 

Hi ssouri 
Montana 

Nebraska 

Nevada 

New Hampshire 

New Jersey 

New Mexico 

New York 

North Ca ro 1 i n. 

North Dakota 

Ohio 

Oklahoma 

Oregon 

Pennsy1 vania 

Rhode Island 

South Carolina 

South Dakota 

Tennessee 

Texas 

Utah 

Vermont 

Virginia 

Washington 

West Virginia 

Wi sconsin 

Wyoming 

Total 
Gas 

Consumption 

280.3 

49.8 

201. 9 

298.4 

2307.9 

271.8 

69.0 

20.0 

36.2 

301.1 

331.1 

o 
56.6 

1245.6 

549.0 

344.5 

668.9 

236.0 

2351.5 

2 

179.0 

159.6 

874.3 

324.4 

379.0 

383.2 

93.6 

225.1 

65.5 

7.00 

227 

376.4 

684.7 

138.9 

24.7 

1033.0 

686.1 

104.0 

829.0 

275 

144.1 

34.07 

305.0 

4,aa2.7 

114.7 

2.713 

148.8 

182 

104.3 

376.0 

142.1 

Sources: AGA 1975, FPC 1976. 

Interstate 
Offshore 

% of 
~ Total 

100.6 

a 

32.1 

13.4 

16.1 

21. 7 

128.6 

o 

254 

157.11 

94.1 

76.8 

1 

63.35 

76.71 

3aa.7 

o 
105.3 

24.6 

a 
a 

159.3 

337.5 

99.0 

o 
329 

318.2 

6.2 

63.3 

a 
139 

100.6 

a 

66 

o 
35 

9 

36 

47 

67 

45 

7 

39 

o 

20 

28 

a 
o 

40 

50 

35 

48 

44 

a 
28 

71 

58 

49 

71 

o 
32 

38 

27 

44 

o 
46 

44 

a 
34 

2 

51 

Onshore 
% of 

~ Total 

179.7 

193.0 

248 

1209 

271.8 

37 

6.6 

20.1 

250.3 

202.40 

a 
45 

939.0 

386.9 

344.5 

470 

141.9 

268.2 

1 

115.6 

82.9 

450.6 

300.4 

145.7 

358 

20 

197 

61 

117.7 

97 

340.2 

39.9 

18 

704 

83 

a 
450.8 

163 

80.6 

34 

141 

774.4 

114.7 

a 
a2.8 

o 
69.3 

180 

78 

64 

a 
96 

83 

53 

100 

53 

33 

55 

83 

61 

a 
80 

76 

71 

100 

70 

60 

11 

50 

65 

52 

52 

93 

38 

94 

21 

88 

93 

29 
42 

26 

50 

29 

73 

68 

12 

54 

73 

56 

100 

46 

16 

100 

o 
56 

66 

48 

55 

Intrastate 
% of 

Volume Total 

49.8 

B.9 

44 

725 

29.0 

27.6 

o 

198.9 

2006 

a 

128 

o 
25 

28 

279 

7.6 

o 

603 

a 
66 

o 
a 

25 

4,007.7 

o 

64 

100 

4 

15 

32 

a 

10 

a 

30 

85 

o 

34 

27 

12 

o 
o 

74 

<1 

o 
aa 

82 

a 

45 

344 

o 

o 
a 

116 

25 

35 

24 

o 
a 

48 

104 

a 
a 

a 
o 
5 

182 

187 

15 

a 

o 

o 
20 

7 

o 

.52 

o 

o 
o 

<1 

24 

o 
o 

100 

100 

o 
100 

o 
50 
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subsidies and the cost of accidental damage to life and limb. While the 
marginal private cost estimates represent relatively complete and certain 
information the external cost estimates have major gaps. Areas in which the 
information needed to develop cost estimates is either partially or totally 
lacking are: 

• environmental damages due to emissions including impacts on 
vegetation, materials and health 

• property damage due to accidents 
• environmental damages due to LNG and SNG 
• accident rates for LNG and SNG 

If the use of SNG and imported LNG increases as projected, lack of information 
on their external costs may create a significant understatement of social cost 
for the regions where these supplies are used most. 

Derivation of the estimates of marginal private costs of gas delivered 
to residences and commercial establishments was shown in Table 12. These 
estimates are an average of marginal costs for the nation expressed in 1978 
dollars. The market costs are by far the most important element in the total 
marginal social cost of natural gas. 

The total cost of regulation related to natural gas in 1977 was $55.2 
million (1978 dollars) or $0.0028/106 Btu of marketed production. Using a con
version efficiency factor of 0.88, computed from production statistics, (AGA 
1978), the cost of regulation is $0.0032/106 Btu delivered to end use. If this 
cost increases at only half of the present rate of 20% annually, the costs will 
be close to those shown in Table 21. 

TABLE 21. Projected Costs of Natural Gas Regulation 
(1978 $/106 Btu Delivered) 

Year Cost 

1985 0.01 
1990 0.01 

1995 0.02 
2000 0.03 
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Funding of research and development subsidies for natural gas in 1978 
totalled $.0115/106 Btu delivered to end use. Recently the real rate of increase 
in the relevant government budgets has been close to 12% annually. Projected 
costs based on this trend are shown in Table 22. 

TABLE 22. Projected Cost of Natural Gas Subsidization 
(1978 $/106 Btu Delivered) 

Year 

1985 

1990 
1995 
2000 

Cost 

0.03 
0.04 

0.08 
0.14 

The escalation rates used for the real costs of both regulation and sub
sidization of natural gas production are conservative estimates based on the 
absolute growth in agency budgets. When the decline in gas production since 

1970 is taken into account, the trend in public expenditure per Btu delivered 
shows a much higher rate of increase. 

Fatality and injury rates per 106 end use Btu of natural gas are summarized 
in Table 23. Since the data were reported (as shown in Table 17) as a rate 
per 106 Btu of gas input to each process, conversion efficiency factors were 

used to convert all estimates to the rate per 106 Btu delivered. These rates 
were then multiplied by the cost estimates per occurrence to estimate the 
social cost of fatalities and injuries per 106 Btu delivered as shown in 
Table 24. Since no information was available as to the rate of change in the 
accident rate, it was assumed to be constant. 

The estimated values for components of social cost are summarized in 
Table 25. These figures represent projections of marginal costs for the 
nation for the years from 1985 to 2000. According to these estimates the 

greatest rate of real increase in marginal costs occurs between 1990 and 

1995. 
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TABLE 23. Summary of Fatal ity and Injury Rates for 
Natural Gas Processes 

Fatal ities Injuries 
Per 106 Btu 

lLC.E.F. (a) 
Per 100 Btu Per 100 Btu 

l/C.E.F. (a) 
Per lOt) Btu 

Process Inl2uts in End Use Process Inl2uts in End Use 

Employees: 

Extraction 

Onshore 805; -11 -9 8.1 x 10_12 
7.9 x 10-11 

3.6 x 10_10 
Offshore 20% 6.9 x 10 1. 19 3.0 x 10 1 .19 

Gathering 3.1 x 10-12 1.19 3.7 xl 0- 12 1.1 x 10-9 1.19 
Pipeline 

NGL Separation 4.1 x 10-11 1. 14 4.7 x 10-11 3.7 x 10-9 1.14 
H2S Removal 2.1 x 10- 12 1. 14 2.4 x 10-12 1.9xl0-9 1.14 

Transmission 4.0 x 10- 11 1. 04 4.2 x 10-11 1.4 x 10-8 1.04 
Pipe1 ine 

Storage NA NA NA NA 
Subtotal 1.7x10-1O 

Nonemp1oyees: 

Subtotal 5.0 x 10- 10 1. 00 5.0 x 10- 10 1.1 x 10-8 1.00 

Tota 1 6.7 x 10-10 

(a) Conversion Efficiency Factor 

TABLE 24. Social Costs of Natural Gas Related 
Fatalities and Injuries 

1985 
1990 
1995 
2000 

Rate 

Cost per Occurrence 

Cost per 106 Btu 
Delivered 

Fatal ities per 
106 Btu Delivered 

6.7xlO-10 

$400,000 

$.0003 

Injuries per 
106 Btu Delivered 

3.7 x 10-8 

$40,000 

$.0015 

Total Cost of Fatalities and Injuries per 106 Btu = $.0018 

TABLE 25. Summary of Social Cost Estimates 
for Natural Gas (1978 $ per 106 Btu) 

Marginal Private Cost External Cost Total Marginal 
Residential COl111lercia 1 Regulation Subsidization Accidents Residential 

4.00 3.85 . 01 .03 .0018 4.04 
4.25 4.11 . 01 .04 .0018 4.30 
5.13 4.98 .02 .08 .0018 5.23 
5.93 5.78 .03 .14 .0018 6.10 
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3.5 x 10-9 

1.3 x 10-9 

4.2 x 10-9 

2.2 x 10-9 

1. 5 x 10-8 

2.6 x 10-8 

1. 1 x 10-8 

3.7 x 10-8 

Social Cost 
COl1il1ercia1 

3.89 
4.16 
5.08 
5.95 



REGIONAL COST ESTIMATES 

Projection of regional marginal social cost estimates for fuels is 
necessary to avoid inefficient resource allocation in those states where fuel 
costs diverge most sharply from the national average. A method of deriving 
such projections from average residential gas prices and national marginal 
cost is given in Table 26. This table shows gas prices by state as a percent
age of the national average price, from which a rough estimate of the trend 
in state prices relative to national price was derived. This projected per
centage figure is multiplied by the projected 1985 national marginal social 
cost estimate to estimate relative social cost levels by state. 

This method of deriving regional marginal cost estimates assumes that the 
proportionality between a state1s marginal cost and national marginal cost is 
the same as the proportionality between that state1s average cost and national 
average cost. The relative social cost levels in the various states will be 
affected in the future by the increasing use of LNG and SNG in some states. 
If the social cost impacts of these supply changes were identified, the estimates 
of state costs as a percentage of national cost could be refined to permit pro
jection of regional social costs beyond 1985. 
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TABLE 26. Derivation of State Marginal Social Costs for 
Residential Gas Use per 106 Btu 

1970 1975 1977 1985J1978 Dollars) 
% of S of S of Project Projected 

National National National Percentage of Marginal 
Price ...!!:if!L Price ..!lliL Price ...!!:if!L National Price Social Cost 

United States 1.06 100 1.69 100 2.33 100 100 4.04 

Region I 
Connecticut 1.93 182 3.27 193 4.30 185 185 7.47 
Maine 2.89 273 4.25 251 5.13 220 220 8.89 
Massachusetts 1.87 176 3.20 189 4.08 175 180 7.27 
New Hampshi re 1. 77 167 2.46 146 3.36 144 145 5.86 
Rhode Island 1. 76 166 3.16 187 4.04 173 175 7.07 
Vermont 1. 78 168 2.80 166 3.80 163 165 6.67 

Region II 
New Jersey 1.62 153 2.59 153 3.42 147 150 6.06 
New York 1.38 130 2.43 144 3.26 140 140 5.66 
Puerto Rico 
Virgin Islands 

Region III 
Delaware 1.50 142 2.34 138 3.16 136 140 5.66 
District of Coh..mia 1.44 136 2.40 142 3.27 140 140 5.66 
Maryland 1.43 135 2.31 137 3.15 135 135 5.45 
Pennsylvania 1. 17 110 1.90 112 2.56 110 110 4.44 
Virginia 1.42 134 2.29 136 2.99 128 130 5.25 
West Virginia .87 82 1.47 87 2.11 91 90 3.64 

Region IY 
Alab .... 1.10 104 1.72 102 2.21 95 100 4.04 
Florida 1.81 171 2.78 164 3.30 142 150 6.06 
Georgia .98 92 1. 75 104 2.26 97 100 4.04 
Kentucky .84 79 1.30 77 1.83 79 80 3.23 
Mississippi .88 83 1.41 83 2.05 88 85 3.43 
North Carolina 1.29 122 2.02 120 2.83 121 120 4.85 
South Ca ro Ii na 1.34 126 2.08 123 2.67 115 120 4.85 
Tennessee .89 84 1.33 79 1.78 76 80 3.23 

Region V 
Illinois 1.02 96 1.58 93 2.26 97 95 3.84 
Indiana 1.05 99 1.45 86 2.06 88 90 3.64 
Michigan 1.00 94 1.60 95 2.20 94 95 3.84 
Minnesota 1.08 102 1. 59 94 2.14 92 95 3.84 
Ohio .89 84 1. 51 89 2.23 96 95 3.84 
Wisconsin 1.21 114 1. 71 101 2.46 106 105 4.24 

Region VI 
Arkansas .78 74 1. 12 66 1.46 63 65 2.63 
Louisiana .75 71 1.32 78 1.93 83 80 3.23 
New Mexico .84 79 1.37 81 2.00 86 85 3.43 
Oklahollil .80 75 1.15 68 1.73 74 70 2.83 
Texas .92 87 1. 47 87 2.36 101 95 3.84 

Region VII 
Iowa .96 91 1. 41 83 1.93 83 85 3.43 
Kansas .69 65 .97 57 1.51 65 60 2.42 
"i ssouri .93 88 1.45 86 2.08 89 90 3.64 
Nebraska .86 81 1.26 75 1. 74 75 75 3.03 

Region YIII 
Colorado .71 67 1. 16 69 1. 71 73 70 2.83 
Montana .84 79 1.18 70 1.69 73 75 3.03 
North Dakota 1.05 99 1. 50 89 2.03 87 90 3.64 
South Dakota 1.04 98 1.40 83 1.84 79 80 3.23 
Utah .70 66 1.12 66 1.55 67 70 2.83 
WYOIIIing .65 61 .99 59 1.66 71 65 2.63 

Region IX 
Arizona 1.14 108 1.83 108 2.59 111 110 4.44 
Ca11 forn1e .93 88 1.52 90 1.81 78 85 3.43 
Hawaii 3.56 336 7.97 472 8.42 361 360 14.54 
Nevada 1.31 124 1.81 107 2.17 93 95 3.84 

Region X 
Alaska 1.42 134 1.48 88 1. 70 73 70 2.83 
Idaho 1.34 126 2.25 133 3.20 137 135 5.45 
Oregon 1.44 136 2.41 143 3.29 141 140 5.66 
Washington 1.29 122 2.12 125 3.02 130 130 5.25 

Source: AGA 1978. 
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CONCLUSIONS 

The total cost to society of natural gas production and consumption is 

made up of both market (private) and nonmarket (external) costs. Both types 
of costs are likely to increase over time as lower quality resources are 
exploited. 

Estimates of the marginal private cost of natural gas were compared using 
three methodologies, namely, production costs basis, econometric supply-demand 
equilibrium, and parity with competing fuels. Each method indicated rapidly 
increasing marginal costs. Specific findings related to price estimation are 
discussed below. All prices are in 1978 dollars. 

• 1976 production costs based on FPC procedures have been recomputed 
at $1.90/103 cf. Drilling costs have increased at a 4.5% annual rate 
in real terms. Unless the productivity trend is altered, marginal 
production costs will continue to escalate. 

• Marginal private costs include not only production costs but non
production costs such as changes in the reservation price due to 
increased demand for environmentally clean fuel and increased prices 
of competitive fuels. 

• The supply-demand equilibrium price estimates for natural gas depend 
heavily on the assumptions underlying both the resource base and demand 
adjustments to prior gas curtailments. 

• Industrial distillate oil is the fuel with which natural gas competes 
at the margin. Thus, the parity price of gas is projected to move 
in a parallel manner with the price of this oil. 

• Oil prices are most often assumed to remain constant in real dollars 
until sometime in the 1985 to 1990 period. At this latter time, 
oil prices begin to escalate rapidly to the cost level of synthetic 
fuels. 

Estimation of the marginal private cost of gas at the retail level involves 

two additional considerations. Supplemental gas supplies are comingled with 
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natural gas, and the user incurs transmission and distribution charges. Speci
fic observations on these two cost aspects are: 

• SNG from coal gasification projects can be viewed as the marginal supple
mental gas supply. The marginal private cost of SNG is higher in the 
near-term than mid-term when technological improvements and scale economies 
may be realized. Increases in resource costs increase the marginal private 
cost of SNG in the long-term. 

• Marginal transmission and distribution costs are relatively small due to 
the dominance of high fixed costs. However, the cost of fuel consumed in 
this stage increases rapidly and marginal transportation costs increase 
in future years. 

• The marginal cost of natural gas is best measured by a weighted average 
of the marginal costs of natural and supplemental gas supplies. 

External costs are those costs which are not borne by the producers and 
consumers of a good, such as natural gas. These costs result from the effects 
of emissions, visual impacts and accidents as well as regulation and subsidi
zation of the gas industry. Findings in regard to external costs are: 

• LNG and SNG have higher accident risk and emission levels than do con
ventional natural gas. Thus their increased use will lead to increasing 
external costs for natural gas. 

• The effects of emissions from natural gas processes cannot be accurately 
quantified from presently available information. Research is needed 
involving both models and data for emissions dispersion and damage 
functions. 

• Costs of regulation and research have been increasing rapidly but are 
insignificant in comparison to private production costs. 

• It was not possible to develop comprehensive estimates of social cost 
since only a small fraction of the costs resulting from external effects 
were documentable within the scope of this study. 

Regional or state estimates of natural gas social costs are derived for 
1985. The degree of variation in these costs indicates that distortions in 

resource allocation would result from use of a single national cost estimate. 
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