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EXECUTIVE SUMMARY

This report addresses several major questions that relate to the Federal
Energy Regulate y Caiunission™ (FERC) deliberations concerning the proposed

Alaska Natural Gas Transportation System (ANGTS):

In light of recent changes in gas supply markets, are there still
net benefits to the nation from proceeding with the proposed
Alaskan gas pipeline project?

e If the potential benefits remain significant, why must low cost
old gas subsidize the pro-ect through rolled-in pricing of Air-._kan
gas and why may special regulatory treatment, such as an "all
events tariff" to insure debt repayment, be necessary?

e How does the planned implementation of ANGTS affect other poten—
tial gas supply opportunities, especially Mexican gas purchases?

e What policy options, such as qgas conditioning charges and wellhead
price ceiling levels, exist for reallocation of project costs, and
how would these options affect the distribution of the project"s
opportunities and risks?

The analysis presented here concludes that the ANGTS project should pro—
vide significant economic benefits to the nation; nevertheless, serious
obstacles to project implementation remain. At least one of these problenms,
the high 1initial cost of delivered natural gas, results from tlie traditional
embedded historical cost method of ratemaking for gas regulation. The nega—
tive effects that this regulatery approach creates for the marketability of
Alaskan gas can be counter-balanced to a large extent through another tradi—

tional practice of natural gas regulation, average cost pricing. Other prob—

lems revolve largely around questions of the equitable distribution of project
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benefits and costs. Questions about how to allocate the opportunities and
risks associated with the project®"s significant market, technological, and
regulatory uncertainties present especially thorny ;-»i.<jolems.

Since these latter issues can only be resolved by policymakers® applying
their judgment about what 1is equitable, this analys iin come to no conclu—
sions about the appropriate path for policymakers to take. Instead, it seeks
to analyze the extent to which the project could benefit the nation as a whole
and specific parties such as gas producers or consumers under a variety of
possible scenarios and policy & 1isions. This information should assist
federal policymakers in weighing the significance of the policy questions con—
cerning the ANGTS that they will face.

NET NATIONAL ECONOMIC BENEFIT

The Net National Economic Benefic (NNE3) measures the extent to which the
value to the nation of Alaskan gas, delivered to energy users, exceeds the
real resource costs to the nation of producing and transporting the ga: . For
this analysis:

NNE13 = Delivered Gas Value
- Production Costs
- Transportation Costs
- Foreign <roducer Benefits.
Briefly, these components are estimated in present value-equivalent terms and

have the following definitions:!‘

[V see Section Il of this report for an expanded discussion of the NNEB com—
ponents and of the reasons for using a 6 percent after-tax real discount
rate in calculating the present values.
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Deliverrd gas value: the real resource costs to the nation of the
alternative energy source likely to be ised in the absence of Alaskan
Prudhoe Bay gas.

Production costs: the incremental real resource costs incurred to
produce the Prudhoe Bay gas,!/ including capital expenditures,
income taxes on required revenues, ad valorem taxes, and operation
and maintenance <06M) expenditures, but excluding costs de>.med for
purposes of this analysis to be transfer payments within the U.S.
economy (royalties and severance taxes).

Transportation costs: the incremental real resource costs incurred
to move gas from Prudhoe Bay to che citygate 1in the lower-48 states,
including capital expenditures, 1income taxes, ad valorem taxes, O0&M
expenditures for U.S. segments of the ANGTS, and U.S. cost of service
payments to Canada for pipeline segments within its territory.
Foreign producer benefits: the share of the potential net national
project benefits, 1in the form of payments to gas producers 1in excess
of the real resource costs of production, which escapes the U.S.
economy because a foreign firm owns a portion of the Prudhoe Bay gas.
The bane case used for this analysis resembles the ANGTS scenario used for
the NNEB discussion 1in the President®s Decision.-" In order to be consis—
tent with the earlier discussion on this one point, the base case assumes a
gas value equal to the wholesale price of distillate fuel. But in contrast to
the President®"s Decision, the base case envisions more vrapid world oil price

escalation over time and applies a 6 percent real after-tax discount rite to

account for consumers ” time preferences.

2/ Incremental costs are costs in addition to any expenditures that would
have been required in any case to or .duce oil at Prudhoe Bay.

v Executive Office of the President, Decision and Heport to Congress on the
A laska Natural Gas Transportation System, Washington, D.C., September
1977. This 1is the set of assumptions leading to tht results presented on

pp. 93-90 of the President®s Decision.
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Under these base case assumptions, the NNEB and its components are esti—

mated to be:

(mid-1979 dollars)

Delivered Gas Value $ 33.3billion
- Production Costs - 6.0
- Transportation Costs -11.9
- Foreign Producer Benefits - 0.5
NNEB $ 14.9billiont/

A high degree of uncertainty 1is associated with the base case NNEB esti—
mate. Distillate fuel prices may differ frul the assumed levels or Alaskan
gas may not displace distillate becaase of changed project costs or altered
availability of other fuels. The distillate price asr tions used for the
base case, however, may be conservative; actual future oil price experience,
we believe, would be more likely to increase the NNEB estimate than to
decrease it. Moreover, worst case cost growth, as estimated by the Depart—
ments of the Interior and Transportation (in which the construction costs for
both wuie Alaskan and Canadian segments would more than double over filed esti—
mates), would reduce the NNEB to $10.4 billion (mid-1979 dollars), still a
significant level.Finally, if fuel availability were to reduce the gas

value to the price of residual fuel oil instead of distillate, the NNEB also

4/ Section Il describes the discounting methodology. -e President”s
Decision estimated the NNEB at $5.8 billion (1975 dollars). The major
differences are the Decision®s assumption ot a constant future price (in
real terms) for distillate oil and 1its use of a 10 percent real discount
rate.

5/ U.S. Department of the Interior and U.S. Department of Transportation,

A laska Natural Gas Transportation Systems: White House Task Force Lead
*jency Heport on Construction Delay and Cost Overruns, July 1, L977.
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would remain significantly positive, $11.8 bi.lli.oi, (mid-1979 dollars).

Across all reasonable scenarios, the ANGTS pro:ect appears to be econom—
ically efficient from a national perspective, 1in terms of reduced veal
resource costs for comparable amounts of energy use. But the project may not
always provide economic benefits from the narrower perspective of gas con—
sumers. The actual delivered cost of Alaskan gas to consumers compared to
their alternative fuel choice- not simply the real resource costs 1incurred to
produce and deliver it- determines the share, 1if any, of the national benefits
accruing to gas consumers.

DELIVERED GAS COST

The delivered cost of Alaskan gas not only provides a necessary input to
calculating the share of the NNEB captured by consumers but also provides
important insights into problems that Alaskan gas could face in the energy
marketplace. And since the success of the ANGTS as a private venture depends
upon the marketability of the gas, the delivered costs of Alaskan gas also
illuminate problems with obtaining private financing for the project.

The citygate cost of delivered Alaskan gas has four components: the price
paid to producers for the gas at the wellhead, Alaskan state severance taxes
imposed on gas production, any additional charges for conditioning the gas
prior to introduction into the ANGTS, and the "cost of service" allowed to be
charged by the project sponsors for transporting the gas from Prudhoe Bay to
its markets. For the base case assumptions used in the NNEB analysis, the
annuity-equivalent cost of delivered gas (in 1979 dollars) is estimated as

follows:
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Component 25-Year Annuity-Equivalent Costl/
(mid-1979 dollars)

Wellhead Gas Price $1.63 per million Btu
Severance Taxes 0.17
Gas Conditioning Charges o.o0l/
Pipeline Cost of Service 1.33
Delivered Cost of Gas $3.18 per million Btu

The delivered cost of gas hinges importantly on all four of its compon—
ents. Because of thi"" shared importance, focusing on one particular aspect of
the delivered cost- typically potential ANGTS cost overruns and resulting
pipeline cost of service increases- can 1ignore other important cost items.

The pr';e producers are allowed to charge, the taxes the state and federal
governments are allowea to levy, and the locus of the gas conditioning charges
all make important contributions to the cost consumers would pay for Alaskan
gas .

Transportation costs (i.e., the pipeline cost of service associated with
the ANGTS project) account for less than half of the citygate cost of the

gas. In percentage terms, major changes in transportation assumptions do not

6/ The calculation of annuity-equivalents is described in Section Tir of this

report. Briefly, it is a levelized unit cost which represents the con—
stant unit amount that would yield a present value equal to the present
value of the unit costs resulting from traditional gas ratemaking. This

approach, we believe, represents an improvement over the arithmetic aver—
age approach used in the President"s Decision because it incorporates a
measure of consumers® time preference 1in a manner consistent with life—
cycle cost decisionmaking.

7/ Thi3 zero ga3 conditioning charge 1is based on FERC"s proposal for gas

producers to pay gas conditioning costs. The 1imposition of gas condi—
tioning charges would raise the delivered gas cost to $3.88 per million
Btu. This 1issue 113 examined in the body of the report.
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alter the citygate cost significantly. For example, the annuity-equivalent
delivered cost would vary by less than 10 percent for any of the following
events: a doubling of construction costs on the high risk segment of the

ANGTS 1located in the harsh Alaskan environment,-~ a doubling of Canadian
segment -"instruction costs, or a doubl®ng of the gas flow rate assumed in the
base case. For the worst case cost overrun scenario, the delivered cost esti—
mate would be $3.55 per million Btu, 12 percent above the base case.

The traditional approach to ratemaking for gas pipeline tariffs- the so-
called historical embedded cost method- would generate larger swings 1in the
cost of gas fran year to year than the annuity-equivalent cost changes result—
ing from any of the events mentioned in the previous paragraph. Because th-»
historical embedded coot method of setting gas rates provides a ccnstant rate
Of return on the remaining book value of *-he pipeline®s initial capital
investment, payments to provide the return to the pipeline and, urn, the
gas cost to pipeline customers would be highest 1in the first year of pipeline
operation.

Thereafter, along with the remaining book value of the pipeline, the
delivered gas cost would decline annually in real terms until the rate base 1is
entirely depreciated (after 25 years of operation for the ANGTS). Aftervard
the pipeline woulf* "eceive no further return on rate base, and delivered <ia3
costs would consist only of the purchase costs of the gas at the wellhead jlus

pipeline OtM costs and other annual expenses, such as taxes. For example, the

6/ Compared to filed estimates.
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following Cable illustrates the base case delivered costs over time (annuity-

equivalent cost = S3.18 per million Btu):

Delivered Gas Cost
(mid-1979 dolls 5s)

Year 1 $4.18 per million Btu
Year 10 2.98
Year 25 2.28

ALASKAN GAS VERSUS OTHEF ENERGY ALTERNATIVES
The ANGTS project 1is expected to provide advantages to the nation and to

consumers over alternative f"»ls. Under the base case assumptions:

e the annuity-equivalent price of Alaskan gas would be 12 percent
below the assumed annuity-equivalent price for disti.late fuel oil;

e over a 25-year project lifecycle, gas users could save $2.5 bil—
lion (mid-1979 dollars) with Alaskan gas compared to distillate
fuel oil and $13.2 billion compared to Mexican natural gas keyed
to distillate oil prices;

. the delivered price of Alaskan qgqa3 would be highel thanthe price
of distillate at the citygate for the first seven yearsof the
project based on historical embedded cost ratemaking, 1in spite of
net benefits to consumers and the ration as a whole. For this and
all other cases, high gas costs for. the earliest project year3
result from the application of traditional vratemaking to the
ANGTS. And these high initial rates would exacerbate the uncer—
tainty associated with Alaskan gas marketability and with the
financing of the project.

This analysis of the economic attractiveness to energy users under oase
case conditions indicates that, on a 25 year annuity-equivalent bA3i3, Alaskan

gaa would be less expensive than distillate fuel oil, Mexican gas, or even
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residual fuel oil.- Thus, if it can be constructed at expected costs, the
project would be in the national interest for any reasonable energy supply
projections.

For the high cost case, the ANGTS project could benefit the nation if it
substituted for residual fuel oil, but consumers might chose residual over the
Alaskan gas. In fact, consumers would perceive a less than 2 percent annuity-
equivalent price advantage from Alaskan gas compared to distillate fuel oii
The differences between the conclusions about the economic attractiveness of
the proposed WGTS project for gas users and for the nation result from the
fact that participants other than consumers receive shares of the NNEB. This
issue is addressed 1in Section V of the analysis.

The most 1important issue related to the market prospects for Alaskan gas
is that the time-profile of delivered costs resulting from traditional cost of
service ratemaking could create initial marketing difficulties for Alaskan
gas, even when its lifecycle cost to consumers 1is lower than alternative
fuels. As noted earlier, an historical embedded cost of service consists of
annua operating expenditures plus a return wmh the book value, after depre—
ciation, of the rate base. Since the rate base is highest in the project"s

earliest years, the cost of service is highest then as well. In turn, the

9/ These annuity-equivalents do not account explicitly for any atypical risks

consumers might bear for the ANGTS project. And although Alaskan gas
appears superior to Mexican gas on an annuity-equivalent cost basis, this
does not mean that Mexican gas should not be imported. Policymakers must

judge potential Mexican 1imports on their own merits compared to the alter—
native fuel that those imports might displace and any other relevant con—
siderations
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initial delivered costs of Alaskan gas exceed the expected prices of alterna—
tive fuels. Consequently, the method of pipeline regulation can make Alaskan
gas appear unattractive to potential customers early-on, even though the
annuity-equivalent delivered cost would favjr Alaskan gas from the outset (see
Figure S-1).
DISTRIBUTIONAL [ISSUES AND SPECIAL REGULATORY TREATMENT

The regulatory policy applied to the overall Alaskan gas project also can
affect the recipients of tne project®s net economic benefits. This analysis
examines the allocation of the net economic benefits, shown earlier, among gas
consumers, the producers of Prudhoe Bay gas, the state of Alaska, the federal

government, and gas pipelines. Under the base case assumptions, the NNEB

would be captured as follows:

Consumers (fuel cost savings) $ 2.7 billion (mid-1979)
Domestic Producers (extra profits) 3.7
Alaska (extra taxes androyalties) 4.7
Federal (extra taxes) 3.5
Pipelines (tax credit)___ 0.2
NNEB $14.9 billion

These shares of the NNEB are illustrated in Figure S-2.

Very briefly, consumer benefits are the savings from purchasing Alaskan
gas compared to alternatives. Domestic producer benefits are the profits
after taxes that they receive over the minimum profits necessary to attract
the producers to sell gas. Alaskan benefits measure the difference between
actual tax and other revenues received by the state from the project and
necessary state expenditures resulting from the project. Federal benefits are

the federal 1income taxes levied on the gas producers®™ extra before tax pro-
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figure S-1

ALASKAN GAS AND THE BASE CASE ALTERNATIVE
FUEL PRICE PROJECTIONS
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FIGURE S-2

SHARES OF NET NATIONAL ECONOMIC BENEFIT
(Base Case Assumptions)
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fits. And pipeline benefits result from the special treatment of the invest—

ment tax credit allowed for these companies where their regulators are not

free toflow-through the savings of the credit to consumers immediately.- *

Several important points emerge from the distributional analysis:

e The consumer benefit is the only share of the NNEB tnat varies
significantly if the ANGTS costs or the gas value change. Any
increased national benefits causeJ by higher than assumed alterna—
tive fuel prices would accrue entirely to consumers. Conversely#
any lower prices of alternative fuels and any pipeline cost over—
runs would mainly shrink the size of the consumer benefit.

e The share of the benefit captured by producers arises because the
maximum price set by the NGPA for Prudhoe Bay gas would be signi—
ficantly above the expected incremental costs of the gas produc—

tion. Consequently, the Act potentially allocates the major share
of the ANGTS project®"s NNEB to producers of Prudhoe Bay gas in the
form of domestic "producers surplus.” Also because a portion of

the gas 1is owned by a foreign corporation, some potential NNEB
would escape the U.S. economy in the 1iorm of foreign "producers™

surplus.”
e The domestic "producers s.-rplus,” however, would translate into
above-normal accounting profits before taxes. Since these are

subject to income taxes, a major share of the NNEB would be cap-—

tured by state and federal governments in the form of extra
revenues.!!/

tax

e In addition, Alaska would receive a further share of the NNEB in
the form of severance taxes and royalty payments on the production
of Prudhoe Bay gas. For the base case, the sum of all extra
government revenues accounts for 55 percent of the total NNEB.

10/ Trie meaning and development of these shares are described

in greater
detail 1in Section V of the report.

! Normal taxes are considered as real resource costs rather than

as trans—
fers of wealth.
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Undar the basic regulatory framework assumed for this work, producer,
state, an federal benefits world be largely independent of the cost or value
of the gas to consumers. Consequently, unde, certain reasonable and feasible
scenarios the project would benefit the nation but could harm gas consumers
economically.—- ~ One assumption about this framework is especially critical
in this regard. Specifically, 1imposition of the full costs of gas condition—
ing on gas purchasers would reduce the consumer shar"™ of berefits consider—
ably, with consumers being worse off, relative tc using distillate fuel oil,
by more than $1.9 billion (mid-1979 dollars). Consumers would not only be
receiving Alaskan gas without any major price advantage, but they would also
have to bear most of t .e significant project risks that other parties are
unwilling or unable to bear 1in return for full access to various project
opportunities.

In additioi to the allocation of the project"s direct costs and benefits,
the ANGTS also involves significant opportunities and risks that various pro—
ject participants would assume. These effects result from uncertainty about
future gas markets, the future regulatory environment, and the technical
feasibility of constructing the project at currently estimated costs.

Regulatory policy will affect the ~.location of these project opportun—
ities and ri3xs among gas consumers and project participants in important
ways. For example, the question of who should bear the risks of ANGT3 coat

overruns or the ri3k that Alaskan gas cannot be sold remains, to a large

12/ Table V-1 sunmarize3 the results for the scenarios examiner.
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extent, unresolved. This analysis did not focus on these 1issues, but because

the allocation of risks will ultimately affect the distribution of the actual

NNEB, the 1issues are important and are discussed briefly in Section V.

Overall, this analysir has found that the natic <could reap large benefits
frcm the proposed ANGIC project. But significant issues remain to be resolved
by the Commission and other policymakers. Because thepotential bene its

remain great, it also 1is in the nation®"s interest that someallocation of pro—
ject risks, costs, and benefits sufficient to attract all the necessary par—
ties to participate in the effort and, thus, to bring Alaskan gas to lower-48
markets be developed as soon as possible. It is hoped that uhis analysis can
illuminate further the difficult balancing problem faced by FERC in this

matte: .
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I. INTRODUCTION

7n 1976, Congress passed tne Alaska Natural Gas Transportation Act of 1976

(ANGTA) (i) "to provide a means for making a sound decision"” that provided for

Presidential and Congressional participation, "as to the selection of a trans—
portation system for delivery of Alaska natural gas"™; and if a s:stem were
approved, (ii) "to expedite 1its construction and initial operation."-~ The

first step in the process e-.-ablished by the ANGTA was completed in May 1977
when the former Federal Power Commission (FPC) transmitted its Recommendation
2/

to the President.- In its report, the Commission assissed the gas supply
increases possible through the Alaskan North Slope gas discoveries as "crucial
to this Nation®"s economy and well-being."-~ The Commission then recommended
the Alcan pipeline proposal which envisioned building a gas pipeline along
part of the Trans-Alaska Oil Pipeline System right-of-way, then proceeding
through Canada and delivering gas to the Midwest and West Coast.

In September 1977, the second step in the process established by the ANGTA

was completed when the President issued his Decision that also supported the

proposed Alcan system, asserting that Alaskan gas deliveries could prov de

1/ ANGTA, Section 3.
2/ U.S. Federal Power Commission, Recommendation To The President; A laska
Natural Gas Transportation Systems, May 1977, (reprinted April 1978 by <the

U.S. Federal Energy Regulatory Commission), (hereafter referred to as the
Recommendation to the President).
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"critical supplies of Alaskan n itural gas to U.S. markets."-~ Congress then
approved the President®"s Decision through a joint resolution. The concerns
noted in the Ccnunission®s report and the President®s Decision, which arose in
the context of U.S. natural gas shortages c¢ "ring the early months of that
year, focused primarily on insuring adequate supplies of natural gas to the
highest priority gas consumers- homes, offices, and industries with special
process needs for natural gas.-"
i

Events since 1977, however, have significantly alleviated earlier fears
about natural gas shortages of emergency proportions in the near term. Speci —
fically, the Natural Gas Policy Act of 1978 (NGPA), by providing the inter—

state market with a basis for better access to intrastate gas, appears to have

alleviated the threat of immediate gas supply sho,. wages for h: < priority gas

customers. The new pricing mechanisms of the NGPA, along with the Powerpiant
and Industrial Fuel Use Act of 1978, also appear to have moderated demand for
natural gas in the middle- to longer-term. Moreover, prospects have improved

for increased natural gas 1imports frcm Canada and Mexico.

But while the short run natural gas supply picture has improved dramatic—
ally since 1977, the oil supply outlook has worsened, with domestic and world
supplies becoming tight and with much elevated world oil prices. On the one

hand, then, the 1improved near term natural gas 3upply picture raises new ques-

4/ Executive Office of the President, Decision and Report to Congrnss on the
Alaska Natural Gas Trar.spoi ration System, September 1977, p. xiv, (here-
after referred to as the President®s Decision).

5/ lbid., pp. 87-90.
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tions about the old justification for proceeding at this time with the Alaska

Natural Gas Transportation System (ANGTS). On the other, the increased like—
lihood of an oil supply cru.ich, during the early 1980°"s and beyond, raises new
reasons for providing lower-48 markets access to known reserves of Alaskan gas.

As a result, the focus for interest in Alaskan natural gas has shifted
away from simply avoiding natural gas supply shortages in the short run and
toward insuring adequate supplies for high priority users and reducing energy
imports in the middle- to long-term. The purpose of this report, then, is to
analyze the major economic, market, and financing 1issues associated with the
proposed ANGTS 1in light of these changed circumstances so th t the Federal
Energy Regulatory Commission (FERC) can use this assessment in deciding on the
appropriate conditions to set for the ANGTS certificate of public necessity
and convenience.

The chances in natural gas marxets have created a situation in which .iie
policy issues that accompany more widespread use of Alaskan gas are less
straightforward than those associated with whether to maintain adequate gas
supplies for today"s high priority consumers. This analysis suggests a frame—
work which cun assist in illuminating these 1issues, based upon the following
major policy questions that must yet be resolved oy the Federal Energy Regula-—
tory Commission as part of the process established by the ANGTA:

e Are there still net benefits to the nation from proceeding with
the proposed Alaskan gas pipeline project?

| C F INCORPORATED
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. IE the potential benefits remain significant, why must low cost
old gas subsidize the [roject through rolled-ir pricing of the
Alaskan gas supplies and why may special regulatory treatment,
such as "all events tariffs" to insure loan repayments even if no
gas is ever delivered, be necessary?

e How does the planned implementation of the ANGTS affect other
potential gas supply opportunities, especially Mexican gas pur—
chases?

e What policy options, such as gas conditioning charges or wellhead
price ceiling levels, exist for reallocation of project costs and

how would these options affect the distribution of the project’s
net benefits?

This report first describes one key measure of whether the ANGTS project
would be in the national interest, the Net National Economic Benefit (NNEB)
and, then, explores the sensitivity of this measure to various future states
of the world. The NNEB measures the attractiveness of the project from the
national perspective, but since parties other than potential gas consumers may
capture shares of the NNEB, the NNEB does not provide information about the
potential attractiveness of delivered gas 1in energy markets. Therefore, this
analysis also develops cost estimates for the delivered Alaskan gas and
explores the sensitivity of these cost estimates to variations in several key
parameters including pipeline cost and gas flow rate changes.

Since the assessments of economic efficiency and marketability indicate
that the project should benefit the nation and 1is potentially marketable, the
analysis explores why traditional regulc.tory treatment in terms of pricing
policy and allocation of project risks have presented problems for implemen—

tation of the project.
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ASSESSING THE DESIRA3ILI IT OF PROJECT IMPLEMENTATION

The first important policy question is whether the transportation of
Alaskan gas to the lower-48 states can benefit the nation as a whole. Both
the Federal Power Canmission®s Recoi unendation to the President and the
President®s Decision used a Net National Economic Benefit (NNEB) calculation
as the primary indicator of project desirability from the national perspec-
tive.V

The NNEB measure has 1important advantages anc. disadvantages. Most impor—
tantly, it provides a single measurement, in comparable terms, of the outlays
of the nation"s real resources required over time to bring Alaskan gas to
consumers and the stream of benefits that result from their use of the gas.
For the ANGTS, the benefits consist of the stream of rial national resource
expenditures otherwise required to provide consumers of Alaskan gas with an
equivalent fuel. In this manner, the NNEB measures the economic efficiency of
the ANGTS project. If the benefits are expected to exceed the costs, the NNEB
is positive, and policymakers can conclude that the project would be efficient
in an economic sense.

Although the NNEB calculation is a powerful indication of the merits of a
project, 1its usefulness 1is more limited when decision makers must choose among
several qualitatively different energy alternatives. When differences among
alternative projects can be expressed entirely in a quantitative manner, the

NNEB provides a means for direct comparison. Some projects, however, have

6/ This methodology was first applied to the Alaska gas pipeline in a Depart—
ment of the Interior report, Alaska Natural Gas Transportation Svstems: A
Report to the Congress Pursuant to Public Law 93-153, December 19TT!
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characteristics which are difficult to assess objectively and quantitatively,

including

. ) jical and cost uncertainties for which statistically-
s ..ki>.ant experience does not exist;
. equity or distributional issues associated with the allocation of

project costs and benefits; and

. externalities that are difficult to measure quantitatively such
as the environmental benefits of additional natural gas use or
the national security costs of energy imports.

Because criteria in addition to economic efficiency play an important role
in decisions about U.S. energy policy, few opportunities arise for automatic
decision malting based on NNEB estimates or, for that matter, based on any
strictly quantitative project assessment technique. Nevertheless, by serving
as a benchmark, this NNEB analysis can help decision makers to focus cneir
judgement on the worth of the qualitative advantages or disadvantages avail—
able from the alternatives applicable to an energy choice.

APPROACH TO FACILITATING IMPLEMENTATION

The ANGTS has generally been considered a private sector venture.

Although federal loan guarantees for the ANGTS have been mentioned in the past
and the Natural Gas Policy Act ot 1978 (NGPA) permits rol”ed-in pricing of
natural gas transported through the ANGTS 1in order to enhance 1its marketabil —
ity, the NGPA Conference Report stipulates that no additional federal subsidy
is to be provided to the pipeline.-~ Thus, the federal government ™ major

7/ U.S. Congress, House of Representatives, "Natural Gas," Conference Report
to accompany H.R. 5289, 9 “th Congress, 2d Session, Report No. 95-1752,
October 10, 1978, p. 103.
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policy choices with respect to ANGTS will be expressed in the regulations
formulated by FERC and in the conditions 1imposed in the pipeline®s certificate
of public convenience and necessity under which the project must be privately
implemented.

For the Alaskan natural gas pipeline project to advance successfully as a
private venture, many independent parties, each from their separate perspec—
tives, must all reach favorab?.e decisions about the prospects for the project
and the attractiveness of the gas it would deliver. Beyond the federal
government, major participants include the pipeline venture partners, poten—
tial lenders, Prudhoe Bay gas producers, state and local governments, and
potential gas customers for Alaskan gas at wholesale and retail levels. These
parties .nave different and often contradictory objectives. Consequently, in
it! deliberations on appropriate Alaskan gas tariffs and cost and risk alloca—
tions, FERC faces a difficult task 1in balancing these interests in a way which
allows private sector implementation of the pipeline project to generate the
broader net national economic benefits which the ANGTS can provide.

For the ANGTS, the decision process most likely will be guided by the
classic goals of utility regulation: efficiency, equity, and revenue gen-
eration.- As mentioned earlier, a positive NNEB indicates that the ANGTS
would be economically efficient over a wide range of plausible assumptions.

FERC, however, must establish tariffs to be charged for transportation of the

8/ For an expanded discussion, see dames C. Bonbright, Principles of Public
Utility Rates, Columbia University Press, New York; 1961, pp. 291-294.
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gas, and the tariff design may or may not encourage actual use of the gas in
an economically efficient manner.

The important aspects of the equity goal are the fair allocation of costs
to those benefitting from service and the minimization of windfall gains or
losses among the relevant parties. Typically these first two goals, effic—
iency and equity, also must be weiyhed within the constraint that the tariffs
must generate sufficient revenues to permit the pipeline owners to service
their debt obligations and to earn a reasonable rate of return on their equity
investment. For a project or the enormous scale, high unit costs, and large
risks of the ANGTS, balancing these conflicting goals will be especially dif—
ficult.

The project sponsors expect a return on their equity investment commensu—
rate with the technical, market, and regulatory risks that they accept.
Potential lenders expect the funds that they lend to the project, as well as
interest on their funds, to be repaid in any event.

Furthermore, each state or local regulatory body expects the terms of
purchase offered to the gas distribution utilities within its jurisdiction to
serve 1its constituents®” interests as defined by its legislative authority.
FinaLly, gas purchasers, both wholesale (direct industrial customers and dis—
tribution companies) and retail, expect Alaskan gas to be a competitively-
priced and reasonably reliable fuel.

Thus, if the ANGTS i3 to proceed as a private venture it must deliver
Alaskan gas at costs that allow the gas to be sold on terms which will be

attractive to gas customers and will be acceptable to regulators. In princ-
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iple, the marketability of the delivered gas could be assured in at least two
ways. First, if Alaskan gas were delivered at low cost relative to other
alternatives, sellers and their regulators could agree to prices naturally
attractive to potential customers. Second, 1if Alaskan gas proved to cost more
than alternative fuel options, then regulators could still utilize a gas pric—
ing mechanism that would make the Alaskan gas supplies marketable. Since gas
is generally priced on an average cost basis, high cost Alaskan gas couldbe
averaged, or "rolled-in," with the "cushion”™ of lower cost gas to provide
consumers with fuel priced below alternative fuels priced on an incremental
9/

cost basis.-7 Traditional utility financing and ratemakin-" methods generate
high costs for delivering gas in a project"s early years followed by lo-w costs
late in the project®"s useful life. Consequently, a project which 1is desirable
on a lifecycle cost basis may appear prohibitively expensive at the outset.

This traditional approach- the historical embedded cost method- derives ar.
annual revenue requirement which irarludes a rate of return on a rate base,
defined as the undepreciated book value of the pipeline capital investment.
As depreciation erodes the rate base over time, the revenue requirement

decreases, and assuming that the annual quantities of gas delivered remain

constant the allowed unit cost of pipeline transportation decreases.

9/ The size of the old gas price "cushion™ that will be available at the time
of Alaskan gas deliveries 1is quite uncertain because (i) the quantities of
old gas that will actually be made available 1in the future under existing
contracts are not known with precision and (ii) the extent to which gas
companies may use up any available cushion to b: up prices on decontrol —
led natural gas supplies is not well understood.
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In the case of the ANGTS, high transportation costs in the early years of
the pipeline®s operation could create initial marketability problems for
Alaskan gas. In facilitating marketability through additional regulatory
action, care should be taken to differentiate between regulatory actions that
simply compensate for the upside-down time-profile of traditional gas tariffs
and other actions that subsidize a fundamentally uneconomic source of gas sup-—
ply. Otherwise, the hidden subsidy of regulatory support of an ureconomic gas
source could lead to the use of a high cost energy source instead of a lower
cost (but insubsidized) source. Whether rolled-in pricing of Alaska gas would
prop up a fundamentally uneconomic project or, 1instead, would simply reverse
the adverse effects of traditional ratemaking 1is evaluated throughout this
analysis.

Assurances of Alaskan gas marketability would, in turn, improve the out—
look for the pipeline project sponsors® ability to arrange financing. Uncer —
tainty about project costs and about the prices of potential fuels which would
compete with Alaskan gas largely cannot be eliminated until the ANGTS is act—
ually built and operating. Because of these factors, plus the large scope of
the venture, providers of equity and, 1in particular, debt most Ilikely wouiu
support the project only if they perceive an irreversible commitment which

would guarantee the marketability of the gas.- 2 If necessary, such a com-

10/ A lack of synmetry in the distribution of claims to any greater than
expected benefits flowing fron the project may reinforce this investor
viewpoint. As will be shown in a later section, consumers capture almost
all of the potential NNEB on the wupside. And this absence of any major
upside potential may jJustify project sponsors®™ and lenders® search for
assurances that their investment and returns would be 1insured on the
downside, at least with respect to catastrophic events.
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mitment could be subject to conditions that the project demonstrate competent
management, etc., but probably could not otherwise be a function of theulti-—
mate actual costs for which Alaskan gas would be delivered or of the price of
alternative fuels available when the ANGTS would become operational.

A final point about the history of natural gas regulation should benoted
here. Theoretically, potential gas users should be indifferent between two
long term supply contracts, one with a tariff high in the early years and low
in later years resulting from the gas pipeline ratemaking methods and the
other with equal annual payments whose present value, calculated at the pur—
chaser®s discount rate, equalled the present value of. the traditional
tariffs. Nevertheless, a large industrial gas user, which might purchase
Alaskan gas directly from an interstate pipeline under a long term contract
and a separate rate schedule, might be unwilling to do so. Interstate trans—
mission companies and gas distribution utilities have been forced throughout
the 1970"s to curtail gas deliveries to customers deemed to be low priority by
federal gas curtailments policy. As a result, large industrial customers have
little confidence that the sanctity of any long term gas supply contract could
be preserved in the face of shortages affecting higher-priority customers.

And they suspect that once the Alaskan gas prices began to he more attractive,
their gas supplies would be curtailed.

As a result, past and present natural jas regulation could be a major rea-—
son that a large, capital intensive gas supply project such as the ANGTS nught
require pricing or other regulatory arrangements different from those appro-—

priate for conventional gas supplies. The ANGTS also involves serious uncer-
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tainties in terms of both project costs and the atmosphere of public sentiment
in which the project must be implemented. Therefore, wunusual regulatory
action might be required to de/elop an equitable allocation of the project's
opportunities and .iSks.
ORGANIZATION CF THE REPORT

The next part of the report, Section 11, shows that the ANGTS reasonably
can be expected to produce an NNEB 1in the range of ten to twenty billion
dollars (mid-1979 dollars). The analysis considers a number of alternative
sets of assumptions and explores the sensitivity of the NNEB to changes in

projected costs, gas values, and completion schedules.

Section 111 estimates the delivered cost of gas for the project under
alternative assumptions. Both the time-profile of gas costs under traditional
ratemaking and an annuity-equivalent cost are presented. This section also

examines the sensitivity of the delivered cost of the gas to the relevant
changes considered in Section |II.

The fourth section utilizes the delivered gas cost information developed
in Section IIl to analyze the potential marketability of natural gas from
Alaska. It discusses the appropriate basis for comparing fuel alternatives
from the perspective of the gas purchaser and notes the problems with the
single-year and time-average comparisons that are encountered in many assess—
ments of Alaskan gas and alternative energy supplies. This section also com—
pares the time-profile of prices for Alaskan gas and alternative fuels. The
implications for the nation of likely end user choices are also considered in

thi3 section.
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Section V examines who would receive the project"s benefits and who would
pay for them. It also explores the reasons why so-called special tariff
treatment, such as rolled-in pricing of some ANGTS costs and guaranteed repay—
ment of lenders, may be necessary and appropriate despite the fundamental
economic advantages of tne pipeline project and probes whether these steps
truly would represent "special"” treatment for the ANGTS in the 1984 timeframe
envisioned for initial operation of the project. The final section reviews
the findings and conclusions of the analysis.

CAVEATS

Although the NNEB estimates 1in this analysis indicate that the project
should benefit the nation under all but the most disastrous conditions, sever—
al caveats apply to the results. These caveats deal with the gas transporta—
tion costs, the gas value, the method for determining real resource costs, and
some simplifying assumptions underlying our entire analysis.

An independent assessment of the reasonableness of the ANGTS co3t esti—
mates 1is beyond the scope of this analysis. Although we explore costs beyond
the range considered feasible in the earlier Federal Power Commission analysis
and the President"s Decision, no more recent pipeline cost data are available
to indicat whether the large overruns considered in Sections Il and 1IIl are
likely to occur. Rather, in light of the Trans-Alaska Pipeline System (TAPS)
cost overrun experience, we elected to estimate the NNEB and the delivered
cost of gas for a case where the cost overruns for the Alaskan segment of the

ANGTS would be analogous to the TAPS expeiience.
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The gas production costs used here are the latest estimates that we have
found, but these estimates appear to be quite rough. Changes 1in these costs
could affect NNEB estimates, but since these costs would not affect the well—
head gas price over a wide range, prb5duction cost changes would not change the
delivered cost of gas.

Gas conditioning costs are drawn from a September 1978 engineering
study.- ~ In this analysis we assume that producers pay for gas condition—
ing as part of the production process; consequently, conditioning cost changes
would have the same effects as changes in other gas production costs. The
issue, however, of who will pay for gas conditioning is not yet resolved. If
pipelines must pay these costs, then gas conditioning cost changes would
affect the delivered gas cost as well as the NNEB estimates.-

With respect to the marketability and financial feasibility of the Alaskan
gas project, our analysis suggests that, if the ANGTS 1is built for its
expected cost, then economically rational consumers with the correct informa—
tion would agree to purchase the gas. Nevertheless, efforts to proceed with
the project could bo stymied by (i) institutional requirements that gas pur—
chase commitments be made prior to finalizing the construction financing, (ii)
uncertainty about Alaskan gas transportation cost3 and, (ili) uncertainty

about the future prices of the fuels with which Alaskan ga3 must compete. And

L1/ Ralph M. Parsons, 1Inc., "Sales Gas Conditioning Facilities, Prudhoe Bay,
Alaska,"™ September 1978.

12/ Since the reduction of production costs associated with pipeline payments
for conditioning would lead to greater surplus producer revenues, it would
increase the foreign producer benefits and, thus, lower the NNEB.
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as mentioned earlier, the time-profile of traditional gas tariffs could also
hinder efforts to market the gas. Since this analysis does not examine in
detail where and to what class of users the gas might be sold, our conclusions
about the marketability of Alaskan gas are necessarily based on broad compar—
isons of citygate costs of Alaskan gas and costs jf alternative fuels.

Other important simplifying assumptions and caveats are presented where

relevant throughout the rema . of this analysis.
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1. PROJECT NET NATIONAL EOONOMIC BENEFITS

As noted in the introductory section, several measures are available for
evaluating w..e attractiveness of the Alaskan natural gas project. Delivered
cost of gas calculations focus on consumers by comparing the project"s costs
to potential gas users with their costs for alternative sources of fuel.
Another approach focuses on the U.S. and examines the economic efficiency of
the project; that is, it evaluates whether or not the project produces savings
of real resources for the nation as a whole. The measure of these savings 1is
called Net National Economic Benefit, or simply NNEB.

This section examines the attractiven rhe project according to this
NNEB measure. It reviews the significance of tne uncertainties surrounding
the components of the NNEB analysis- most notably the project construction
costs and the value of the gas to consumers. By examining the extent to which
the NNEB varies over reasonable ranges of values for its components, policy—
makers can assess their confidence in the conclusions drawn from the base case
set of assumptions described later in this section.

Before proceeding, we should note that the NNEB and consumer cost measures
can provide contradictory assessments of the attractiveness of the project.
Some cases presented in this section describe situations which generate size—
able positive net national economic benefits but which also “ead to streams of
consumer costs for Alaskan gas in excess of the streams of costs for the fuel
whose use would be displaced. The divergence between these two measures stems

from the fact that NNEB considers the net benefits received by all project
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participants 1including, but not limited to, consumer benefits. In this sense,
the NNE3 analysis does not assess the distribution of benefits among sectors
of the economy. Frc»u the overall perspective of national economic efficiency,
losses by consumers can be compensated for by increased gains to producers,
pipeline companies, and the general taxpayers of the state of Alaska and of
the federal government. The important distributional issues associated with
the ANGTS project are examined 1in Section V.
COMPONENTS OF NNEB

Net national economic benefit, as noted before, 1is a measure of the pro-—
ject"s net savings of real resources to the nation as a whole. The difference
between real resource costs (or savings) and the normal accounting definitions
of costs 1is a significant one. Real resource costs represent the economic
costs associated with physical resources actually consumed 1in the production
of goods and services and a return op these expenditures. Thus, all payments
representing the transfer of purchasing power from one party to another with-—
out any utilization of resources would be excluded from real resource costs.
For example, Alaskan state royalty and severance taxes appear to cover no
specific consumption of real resources incurred by the state 1in connection
with gas production. Instead, they merely transfer wealth from Prudhoe Bay
gas producers, lower-48 gas consumers, or U.S. taxpayers to the state of
Alaska; consequently, these two items have not been treated as real resource

costs for purposes of the NNEB calculation.-*

1/ They, however, have been included in the calculation of the delivered cost
of Alaskan gas which consumers would pay
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and

Included as components of real resource costs are all costs of material

labor, as well as allowances for taxes and returns on capital at rates

that would be expected 1in normal business activity. This analysis groups the

components of NNEB into the following four categories:

2/

3/

e Gas value: This value 1is the real resource savings that would
result from using Alaskan gas instead of some other equivalent
fuel; that 1is, it equals the unit price of the alternative fuel
multiplied by the quantity of the fuel displaced by Alaskan gas.

- Production costs: These costs are the incremental real resource

costs associated with gas production from Prudhoe Bay. As such,
they do not include the costs of installing facilities which
already are planned for the production of Prudhoe hay oil. The

major 1incremental costs of Prudhoe Bay gas production will be the
capital investment for the gas conditioning system and water-flood
facilities.!/

Other real production costs include operation and maintenance of
the production facilities as well as ad valorem taxes paid by
producers. The latter have been included as a -eal resource cost
on the assumption that these taxes serve as a surrogate measure of
the infrastructure expenditures to which the Alaskan public would
be committed in ordei ro facilitate the gas ~"jduction (e.g. addi—
tional roads and schools). For similar reasons, state and federal
income taxes, at rates levied on normal levels of producer income
from Prudhoe Bay gas production, are included as an approximation
of the general government costs required to support the production
activity. Also, inclusion of income taxes 1is necessary in order
to maintain consistency with the treatment of other private sector
investments and with other components of the NNEB calculation
(i.e., the benefits stream), both of which include 1income

taxes.!/

Inclusion of gas conditioning cost as a production cost (rather than as a
transportation cost) is based upon a proposed FERC rulemaking.

analysis imputes income taxes as a part of the calculation of the

c;portunity cost of capital by developing annuity-equivalent capital costs

the period of project operations, based on the actual capital outlays
the project and a 10 percent real before-tax discount rate. This

approach, recommended by the Department of Energy (DOE), 1is described 1in
greater detail in the discount rate discussion later 1in this section.
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. Transportation costs: For uhe U.S. segments of the gas pipeline,

these costs include constructi outlays as well as operation and
maintenance expenses. Other U.S. costs include income taxes and
state ad valorem taxes on the pipeline activities. For the

Canadian segments of the line, the United States would 1incur real
resource costs through cost of service payments to Canadian

carriers. The U.S. share of Canadian pipeline costs depends wupon
relative shares of the total throughput as well as cost overruns
on the Canadian segments. The formulae with which these shares

are determined were established in the joint United States/Canada
pipeline agreement.!/

. Net foreign profits: Foreign interests own a share of the
e Alaskan gas. The revenues to a foreign oil company that exceed
direct and indirect gas production costs are essentially net
project costs for the nation, since they escape our economy and,
in so doing, provide no benefits for the United States.!/

The net national economic benefit of the proposed project is the present
value of the stream of benefits that results from subtracting the three cost
components f.om the gas value to consumers. That 1is:

NNEB a Gas value - Production costs - Transportation costs
- Net foreign profits.

The estimates of gas value and costs affect the NNEB calculations in
important ways, as does the choice of discount rate and time period over which
the ANGTS project 1is examined. The discount rate chosen for the NNEB calcula—

tion ideally should represent society"s rato of time preference; that 1is, the

rate of return at which society 1is prepared to forego consumption today in

4/ Refer to President®"s Decision, pp. 47-63, for a sumnary of this agreement.

% Revenues paid to foreign nations are a real resource cost to the U.S.
because they represent a future claim on U.S. good3 and services.
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trade for some greater amount of consumption later on.-~ The actual project
life would depend upon the useful physical lifespan of the pipeline, the

design capacity of the pipeline, and the magnitude of recoverable gas reserve

which can be economically produced over time.

The remainder of this section describes the set of assumptions which
describe the "base case" scenario and explores the sensitivity of the NNEB to
alternative assumptions concerning the value of the delivered Alaskan gas, the

project life, and the transportation costs.

BASE CASE ANALYSIS

The analysis of the ANGTS used for the President®s Decision provides most

of the baseline data for the base case used in this analysis. The Presidentls

Decision and our base case assume:

. Alaskan gas substitutes for imported distillate fuel oil on a

one-for-one, energy equivalent basis and has a gas value equal to
die wholesale price of distiHate.,

6/ E. J. Mishan, Cost-Benefit Analysis, Praeger Publishers, New York, 1976,
pp. 201-203.

7/ This assumption ignores potential changes in total U.S. energy consumption
that could be caused by rolled-in or averaqe pricing of Alaskan gas at the
retail level compared to marginal cost pricing of distillate fuel oil. If
considered fully, it 1is not clear whether careful consideration of differ—
ences 1in retail pricing would 1increase or decrease our NNEB estimates, but
it is likely that the effect would be small compared to other facto"s
ultimately likely to impinge on the NNEB. Furthermore, technically cor—
rect treatment of this effect 1is complicated by the fact that, early in
the project life, Alaskan gas may cost mo e than the average of all other
flowing gas? but late in the project life the opposite may occur.

Finally, it also would require an assumption about whether biases of any
similarly kind (e.g., domestic price controls on crude oil or refined

petrol m products) will affect distillate prices over %he life of the
ANGTS project.
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. strictly for purposes of simplifying the analysis, that a
decrease in U.S. demand for world oil, provided through the
development of Alaskan gas, would not affect world oil prices.

. an average pipeline construction cost overrun of 30 percent.

. a pipeline deot/equity ratio of 75/25.

. start-up 1in January 1984.

. gas deliveries to the pipeline of 2.4 Bcf/day and net gas deliv—
eries at the citygate based on overall pipeline gas consumption
for the original Arctic gas displacement scheme.£/

. the U.S. portion of cost of service payments for facilities
shared with Canada vary as a function of relative volumes of U.S.
and Canadian gas, with the U.S. share equal to 76.4 percent for

U.S. shipments of 2.4 BCF/day and Canadian shipments of 1.2
BCF/day.

. the U.S. share of cost of service payments for the Dempster
lateral varies on the basis of overruns on the Canadian main
line, overruns on the Dempster 1line, and the relative U.S. and
Canadian volumes of gas shipped.2/

The NNEB calculations in this analysis are denominated in mid-1979 dol —
lars, and all benefit and cost streams are discounted to mid-1979 using a real
after-tax iijacc--r.t rate :: 6 r»*rcer.t. Cost 1i1ata from tr.e J:e;.teLt'Z let

sion, which had been denominated 1in 1975 dollars, were converted to mid-1979

dollars using the aggregate U.S. GNP implicit price deflator. Non-residential

8/ This sch**me is used here because it is embedded 1in internal FERC models of
the ANGTS project. To our knowledge, detailed documentation of this dis—
placement plan 1is not available.

9/ A description of the formula for computing the U.S. share 1is shown 1in the
President"s Decision, op. cit., pp. 72-79 and 168-174.
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construction price deflator projections were applied to construction

COStS.—iO/

Other important elements of the base case 1include the following:

e gas processing costs for a 2.4 Bcf/day output stream were based
on a linear extrapolation to the higher capacity "sing best-
available cost data for a 2.0 Bcf/day plant.11/

. incremental water-flood requirements were assumed to be approxi—
mately 73 percent of the Prudhoe Bay unit's total water-flood
requirements.il/

. ad valorem taxes of 1.7 percent were applied to the depreciated
book value of the pipeline and the depreciated replacement value
of the gas production equipment.11/

. Alaskan state income taxes were assumed to be 9.4 percent of
pipeline net income and "nor: " producer net income.!l/

10/ Data Resources 1Inc., The Data Resources U.S. Long-Term Review, Winter
1979 TRENDLCNG 2003 projections. See Appendix G for the inflation
adjustments used in this report.

11/ Ralph M. Parses, 1Inc., "Sales Gas Conditioning Facilities, Prudhoe Bay,
Alaska," September 1978.

12/ Water-flood facilities investment has been estimated at $2 billion (1979
dollars), as suggested in Oil and Gas Journal, February 26, 1979, p. 70.
Half of the expenditures are assumed to occur 1in 1983 and half 1in 1984.
The 1incremental portion of the outlays for water-flood facilities has
been estimated by comparison of alternative production possibilities

presented in a report by H. K van Pollen and Associates, 1Inc., Documen—
tation of Input Variables, Northern Alaska Hydrocarbons Model, August
1978.

13/ The ad valorem rate and its application to the pipeline on the basis of
depreciated book value are carried over from models used 1in connection
with the President ™ Decision. It is our understanding that these taxes
would be assessed at a 2.0 percent rate and would be based on replacement
value; this, however, presents a minor difference that does not affect
the results significantly.

14/ "Normal"™ net income 1is defined as that level yielding an overall 8 per—
cent after-tax return on total capitalization. See Appendix A lor the
derivation of "normal" net income.
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. federal income taxes were assumed to be 46 percent of pipeline
net income (after state income taxes), adjusted for the effect of
a 10 percent income tax credit.

» the rates of return on pipeline equity were based on the Commis—
sion"s latest incentive rate of return proposal. Jil?/

. foreign profit calculations were based on British Petroleum®s 52
percent interest in Standard Oil of Ohio"s 23.5 percent of

Alaskan gas.iji/

. lew world oil price escalation, as defined in the Energy Informa-—
tion Administration Annual Report to Congress.

These inputs and assumptions yield an NNEB estimate of $14.9 billion

(mid-1979 dollars). The components of this estimate are:
Gas value $33.3 billion (mid-1979 dollars)
- Production costs 6.0
- Transportation costs 11.9
- Net foreign profits 0.5
NNEB $14.9 billion

Thus, the proposed ANGTS project would provide significant economic benefits

to the nation under the base case inputs and assumptions.

In contrast to ICF"s base case estimate, the President®"s Decision esti—

mated an NNEB of $5.8 billion (1975 dollars). Th«= following table presents

15/ FERC, "Notice of proposed rulemaking to set values for incentive rate of
return and establish change-of-sjope and inflation adjustment procedures
and request comments on filed tariffs,” Pocket No. RM 78-12, April 6,

1979.

16/ Sources: Arlon R. Turing and Connie C. Barlow, "An Introduction to the
Gas Industry with Special Reference to the Proposed Alaska Highway Gas
Pipeline,"” Institute of Social and Econcanic Research, Anchorage, Alaska,
October 25, 1978, p. 1-37 and Bcitish Petroleum, Annual Report, 1978, p.
12.

17/ The President™s Decision assumed a constant real oil price. President”s

Decision, p. 97.
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our current understanding of the reconciliation between the earlier estimate

and our current base case NNEB estimate.

Step Billions
President*s Decision NNEB $ 5.8 (1975 dollars)
1. Denominate 1in mid-1979 dollars t+ 1.4 (mid-1979 dollars)
2. Add Water-Flood Costs - 1.6 (mid-1979 dollars)
3. Adjust Transportation Costs * 0.2 (mid-1979 dollars)
4. Unreconciled Changes - 0.5 (mid-1979 dollars)
5. Discount to mid-1979 Timeframe t 1. % (mid-1979 dollars)
6. Change Discount Rate (10% to 6%) + 4.s (mid-1979 dollars)
7. Alter Distillate Price Trajectory + 3.3 (mid-1979 dollars)
ICF Base Case NNEB $ 14.9 (mid-1979 dollars)

Some of these steps are simply accounting changes to update the basis for

the estimate (steps 1, 5). Others 1incorporate later cost data and DOE's
n

recently established standardized capital cost methodology (steps 2, 3).—'
The 10 percent real discount rate used throughout the President®s Decision is
appropriate for considering a project"s capital cost stream, and we adopt this
same approach. For reasons elaborated later in this section, however, we
believe that a 6 percent real discount rate is a more appropriate measure of
society"s time preference and, therefore, a preferable rate to use in dis—
counting the project"s overall streams of costs and benefits (step 6).

Finally, we believe that in light of recent world oil price developments
an assumption of constant real prices would be optimistic beyond a reasonable
limit. Instead, we have essentially applied the low oil price escalation
expectations of the Energy Information Administration Annual Report to Con-—

JresSS to the distillate fuel oil price in the President*s Decision (step 7).

18/ The DOE methodology 1is discussed later in this section.
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About $0.5 billion (mid-1979 dollars) 1in difference remains unexplained (step
4).
SENSITIVITY ANALYSIS

Several of the input estimates used to calculate the NNEB could vary
significantly from the base case values. Sensitivity analysis provides in—
sights about the relative importance of changes 1in the discount rate, gas
value, useful project life, and pipeline construction costs. In addition, the
order of magnitude of the minimum likely effect of the ANGTS on world oil
prices and required U.S. payments for 1imported oil are estimated because
lowered world oil prices both benefits the nation and affects the value of
Alaskan ga.".

Discount Rate

The base case uses a o percent real after-tax discount rate to account for
the time preference of society. No strong empirical basis currently exists to
identify society®"s time preference, but the after-tax real rate of return on
pcivate investments represer .s one reasonable, yet conservative, approxima-

19/

tion of this rate.- The 6 percent rate chosen for the base case appears

to approximate the private after-tax rate of ietur

19/ Conservative refers to avoiding over-investment 1in capital-intensive
projects such as the ANGTS. It is conservative, we believe, because the
effects of personal 1income taxes on returns to individuals in the form of
after-tax corporate income suggest the use of an even lower rate to
represent social time preferences. Consequently, it could be argued that
conservation recommends the lower rate to cu.ird against under-investment
in capital-intensive domestic energy supply md conservation projects.
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This choice of discount rate is based niainly upon a recent Department of
Energy (DOE) directive on standard financial treatment of cost estimates.- 7
The directive recommends using a real rate of return on equity of 9.5 Descent,
after tax; a real interest rate on debt of 3 percent; and a 6 percent infla-

21/
tion rate.- Assuming an overall marginal corporate income tax rate of 50
percent a typical capital structure, comprised of one-third debt and two-
thirds equity, yields a weighted-average after-tax rate of return of approxi—
mately 5.9 percent.

Although a o percent after-tax rate 1is, we believe, appropriate for dis—
counting the project®"s overall resource cost and gas value flows, the Depart—
ment of Energy (DOE) has recommended using a before-tax rate of 10 percent as
a means of accounting for all the real resource costs associated with the

' 2=/
capital expenditure portion of an energy project.- Use of a before-tax
rate for capital expenditures captures the returns foregone on alternative
private sector investments that would have accrued to (i) equity holders as

dividends and/or capital gains, (ii) lenders as interest payments, and (iii)

23/
the government as corporate 1income taxes.- DOE recommends accounting for

20/ Attachment C of DOE, Stuart W. Ray, Policy and Evaluation,"Financial
Costing Guidance for Policy and Fiscal Guidance,"memorandum for dis—
tribution, March 28, 1979.

21/ DOE, Stuart W. Ray memo, op. cit., Attachment 6.

22/ DOE, Stuart W. Ray memo, op. cit., Attachment f.

-e*/ Corporate 1income taxes are treated as real resource costs because they
represent the project"s "portion of the fixed costs of government opera-—
tion." See DOE, Gary Dorman, "The treatment of taxes 1in cost benefit

analyses,” memorandum for Darius Gaskins, Deputy Assistant Secretary,
Policy and Evaluation, August 8, 1978.
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all of these oppoctunity costs of capital expenditures by using the before—
tax, marginal rate of return on private sector investments, and it cites
empirical evidence for using 10 percent as this marginal rate.- /

This analysis uses the 10 percent before-tax rate to estimate the real
resource costs associated with the ANGTS project"s capital expenditures
because this approach is "neutral” with respect to any special tax treatment
or financing methods available to this one project.- ~ The NNEB calcula—
tions implement this procedure by, first, annuitizing the project"s capital
expenditures using the 10 percent discount rate. Then, the project"s overall
benefit and cost streams (including the annuitized capital expenditur ,) are
discounted at 6 percent 1in order to estimate the present value of the ANGTS
project"s overall NNEB.

Earlier work has 1included estimates based on a 10 percent rate of discount
on the project"s overall cost and benefit streams. Because this rate provides
an extra-conservative appraisal of the project ™ net benefits, our analysis
also presents NNEB estimates generated by applying a 10 percent discount rate
to the project"3 overall benefit and cost streams whenever the information may

providu useful insights. Under the base case assumptions, the NNEB estimated

24/ DOE, Gary Dorman, "Choosing the discount rate for NESS cost/benefit
analyses,”" memorandum for Darius Gaskins, September 18, 1978.

157/ These "tax-neutral"™ cost estimates do not depend upon the corporate tax
structure of the particular parties making the capital outlays, which 1is
an appropriate feature eor calculating net benefits from the national
perspective. If actual tax payments were used a3 the real resource cost
estimates, the NNLu estimate for the ANGTS project could vary signifi—
cantly according to the share of capital outlays assumed to be made by
oil companies and gas utilities.
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using 10 percent is $8.1 billion, 46 percent below the base case estimate.

Gas Value

The base case assumes that Alaskan gas substitutes for distillate fuel oil
on an energy-eguivalent basis. It is worth reiterating that a primary reason
for making this assumption is to maintain consistency with analyses prepared
in connection with the President®"s Decision. We have performed no analyses to
verify that Alaskan gas would substitute for distillate fuel oil rather than
for less expensive fuels such as residual fuel oil.

Although OPEC oil prices have remained level in real terms, or even
decreased slightly, for much of the period since the 1973 Arab oil embargo,
recent events make such continued good fortune for oil consumers appear
unlikely. Nevertheless, it is worth examining the economic attractiveness of
ANGTS if oil prices were to remain constant in real terms throughout the pro—
ject"s life. The NNEB for a constant distillate fuel value, $11.6 billion, 1is
22 percent lower than the base case estimate (see Table 11-1).

The base case projections of distillate fuel oil ptices are drawn from the
low price escalation scenario assumptions of the forthcoming Energy Intorma-

tion Administration®s (EIA) Annual Report to Congress (ARC). The ARC®"S low

price escalation assumptions are sunmarized 1in Table Il1-1.- 7

26/ In constant 1979 dollars, the crude oil price assumed 1in this EIA case is
$16.00 per barrel from now through 1992, after which it escalates at a
real annual rate of 2.8 percent. This compares with crude oil (contract)

prices today of approximately $18.00 per barrel and spot market transac—
tions in the $30-35 per barrel range.
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TABLE 11-1

NNEB ESTIMATES FOR SELECTED GAS VALUE ASSUMPTIONS®/

Gas Value Equal to: Price Trajectory NNEB

(mid-1979 billion dollars)

Distillate Fuel Constant”™” $11.6 billion
Low Escalation*-/ 14.9
Medium Escalation**/ 22.3
Residual Fuel Low Escalation®./ 11.8
a/ Base case assumptions for other parameters.

b/ Distillate price: constant $2.62/MMBTU (1975 $).

c/ Base case distillate price: constant 52.62/MMBTU (1975 $) through 1992;
2.8* real escalation annually thereafter; $5.15 (1978 $) ceiling price.

d/ Distillate prices: constant $2.62/MMBTU (1975 $) through 1985; 4.5% real
escalation annually to 1990; 4.7% per year thereafter; $5.15 (1978 93)
ceiling price.

e/ Residual price: constant $2.84/MMBTU (1978 $) through 1992; 2.8% real

escalation thereafter.

NOTE: These projection rules are denominated here in differing-year dollars
in order to correspond with the various sources from which they were
derived. The base distillate price, $2.62, is the adjusted figure
used in internal FERC models for the $2 10 (1975 dollars) figure in
the President®"s Decision. The base residual price Is derived from
National Energy Supply Strategy data expressed in 1978 dollars. In

our NNEB calculations, however, both base figures are convortud to
mid-1979 dollars and projected using the oil price escalation rules
of the Energy Informtion Administration Annual Report to Congress
(low price escalation: Series C low; medium price escalation:
Series C).
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Distillate fuel oil prices, however, may also escalate more rapidly than

these lew price escalation projections. Table 11-1 also presents the NNEB
estimate for the ARC medium price escalation scenario assumptions. This NNEB
estimate, $22.3 billion, 1is 50 percent above the base case. Consequently, the

future course of world oil prices exerts large leverage on the net benefits oi
the ANGTS project. If world oil pricesrise faster chan the base case assump—
tions, the benefits to the nation would increase. And as will be discussed
later, consumers would capture the full share of the increased benefits.

Thus far, the discussion of the gas value has assumed that Alaskan gas
would substitute for distillate fuel oil. If overall gas supplies were plen—
tiful at the time Alaskan gas was delivered, Alaskan gas might displace resid—
ual fuel oil. As a consequence, the value of the Alaskan gas would be the
lower price of residual fuel rather than the price of distillate fuel. Under
low world oil price escalation, the NNEB estimate based on the price of resid-—
ual fuel oil remains in excess of $11 billion (see Table 11-1).

Project Life

Legislative guidelines emphasize a 20-year period for analysis of the cost
of service 1issues associated with the ANGTS.E7/ In turn, most NNEB analyses
of the ANGTS have examined a similar time period (25 years). The typical use—
ful physical life of a pipeline, however, approaches 50 years; for example,

the President®s Decision mentions the Ilikelihood that the ANGTS might operate

27/ For example, see the Alaskan Natural Gas Transportation Act of 1976,
Section 5(c).
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for more than 40 years.- m

There 1is a realistic possibility that sufficient Alaskan gas reserves will
be developed to utilize the pipeline well past the 25-year period assumed in
29/
our NNEB calculations.- The useful life of the pipeline exerts a strong
influence on its economic value to the nation. If the ANGTS were to deliver
2.4 Bcf/day for 30 years, the NNEB would rise to $17.7 billion (mid-1979 dol—

lars). And an even longer useful life would further 1increase the NNEB (see

Table 11-2).

TABLE 11-2

NNEB ESTIMATES FOR
ALTERNATIVE PROJECT LIFETIMES!/
(mid-1979 dollars)

Project Life NNEB
(6% discount rate) (10% discount rate)
20 years $11.2 billion $ 6.6 billion
25 14.9 billion 8.1 billion
30 17.7 billion 9.1 billion
50 23.5 billion 10.5 billion

a/ Base case assumptions used for other parameters.

The effect of the discount rate assumption, discussed previously, i3
especially dramatic in the case of an extended project life. With the 6 per—

cent discount rate, the 50 year NNEB estimate would reach $23.5 billion, an

26/ President®s Decision, p. 163.

29/ Data Documentation for Alaskan Hydrocarbons Supply Model, draft Technical

Memorandum prepared by Division of 0il and Gas Analysis, Department of
Energy, pp- 1*-12.
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increase of 58 percent over the 25 year base case estimate.- In contrast,
a 10 percent discount rate decreases both the absolute and relative importance
of project benefits beyond the first 25 years. If a 10 percent discount rate
were applied, doubling the life of the project would increase the present
value of the NNEB by only 30 percent.

Pipeline Construction Costs

Few recent major construction projects have been completed at or below
their initially estimated costs.—- ~ The cost overruns experienced by the
Trans-Alaska Pipeline System (TAPS) were especially large. Compared with an
original (adjusted) estimate of $1.6 billion, the capital cost of TAPS ulti—
mately reached $7.7 billion, an increase of approximately 380 percent.- ~
The unprecedented scale of the ANGTS project, coupled wi"h the need to con-—
struct the Alaskan segment and a minor part of the Yukon segment in the same
harsh Arctic environment 1in which TAPS was constructed, raises the prospect of
large cost overruns for the Alaskan gas pipeline.

This section examines the potential effects of serious cost overruns for
the Alaskan gas pipeline project. Importantly, the probability of large cost
overruns varies significantly among the individual segments of the pipeline.

In *-his context, then, the analysis examines how cost overruns on the various

30/ The 50-year case represents a rough estimate which excludes any addition—
al capital expenditures required to extend the operational period.

J L/ See Walter J. Mead, Transporting Natural Gas from the Arctic, Amerh -n
Cnteiprise Institute, 1977, pp. 88-89, for an illustrative list of recent

projects.

32/ 1bid., pp. 88-89.
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segments could affect expected costs and project benefits.

Lower-48. Gas pipeline construction in the lcwer-48 involves a low proba—
bility of major cost overruns. Typically, lower-48 gas pipelines are con-—
structed at a cost within 5 percent of the initial estimate.- ~ Approxi—

mately 21 percent of the value of the ANGTS plant-in-service would reside in
the Iower—48.§4/ Since the danger of significant cost increases appears
remote for the lower-48 segment of the project, this analysi * focuses on the
Alaskan and Canadian segments.

Alaska. The Alaskan segment of the ANGTS must be constructed in the same
hostile environment that the TAPS project faced. There are, however, impor—
tant differences 1in the construction of gas and oil pipelines, 1including the
ability to pipe gas at temperatures low enough to avoid thawing permafrost and
to lay gas pipeline 1in the ground rather than abo/e it. Both of these differ—
ences should lessen the ANGTS construction problems, with the one exception of
burying gas pipeline in areas of discontinuous permafrost, where the chilled
gas may cause frost heaving.- ~ Discontinuous permafrost could be encount—
ered along approximately half of the Alaskan segment.

Fortunately, the Northwest Alaskan Pipeline Co. (formerly Alcan) proposal
for the Alaskan segment follows the TAPS project chronologically. Conse —

quently, this second pipeline construction effort can take advantage of

33/ Privafe communication from FERC staff.

->4/ The plant-in-service estimate 1is based on the base case figures for the
first year of the ANCI'S operation.

30/ For a more detailed discussion, see the President"s Decision, pp. 187-188.
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lessons learned about pipeline construction in an Arctic environment. More —
over, the Northwest project will utilize the infrastructure created by
Alyeska, the TAPS project manager, thus minimizing the chance of infrastruc—
ture-generated cost increases or delays over the share of the Alaskan segment
laid parallel to TAPS. The TAPS experience should also lessen the chance for
labor supply problems in Alaska, because the first effort expanded Alaska’'s
pool of skilled workers.- ~

Despite these advantages, unforeseen technological and management problems
are likely to occur. In order to cover such contingencies, the President’s
Decision 1incorporated a 30 percent cost increase and one year start-up delay
in the Alcan®"s (now Northwest) Initial estimates.- ~ Our base case assump—
tions also follow this precedent.

Nevertheless, the 380 percent cost overrun for TAPS suggests that the
implications of even more substantial cost overruns should be explored. Table
1.:-3 surmiarizes the effects on the base case NNEB of cost increases for the
Alaskan segment of 30, 100, 200 and 400 percent over current filed estimates.
Even at four times the filed cost estimates for construction of the Alaskan
segment, the TTEB remains significantly positive, at approximately $10 billion
(mid-1979 dollars).

Canada. The remaining 2,028 miles of the pipeline system would be con—
structed 1in Canada. Approximately 40 miles of the Canadian segment should

experience similar difficulties associated with Arctic and semi-Arctic condi-

36/ 1Ibid., pp. 138-144.

37/ 1bid., p. 150.
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TABLE 11-3

NNEB ESTIMATES FOR SELECTED
CONSTRUCTION COST SCENARIOS!/
(mid-1979 dollars)

Cost Scenario

s

ALASKAN 0 */ERRUN

0% (filed costs)
30% (base case)
100%
200%
400%

CANADIAN OVERRUN
0% (filed costs)
40% (base case)
100%
COMBINED CHANGES
filed costs, all segments

expected costs, all segments”/
"high cost™ scenariol/

Change

NNEB Base Case
billion) (percent)
15.8 + 6%
14.9

14.3 - 4
12.7 " -15

9.6 -36
15.7 + 6
14.9

13.6 - 8
16.8 +13
14.9

10.4 -30

a/ Base case assumptions used for other

b/ Base case.

c/ 132 percent Alaskan overrun, 102 percent Canadian
from DOI/DOT "worst case" analysis).
Interior, U.S. Department of Transportation,

parameters,

overrun

(derived

U.S. Department of the

Alaska Natural Gas

Transportation Systems: White House Task Force Lead Agency Report on

Construction Delay and Cost Overruns, July 1,

1977.
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tions. Other potential problems with the Canadian segment, however, could

lead to significant cost increases, including:

. Canadian pipeline companies may have been over-optimistic 1in
their construction labor productivity estimates for the
ANGTS.l1i/

. Requirements for constructing the Canadian segments of the ANGTS

with Canadian goods could (i) force builders to use more costly
goods than necessary, or (iij create artificial supply bottle—
necks that directly or indirectly raise costs.

The President®"s Decision and our base case address this concern b. incor—
porating a 40 percent cost overrun for the Canadian segment into the NNEB
calculations. Table 11-3 demonstrates the effect of even larger cost overruns
for this segment. Note that Canadian actions leading to a 100 percent cost
overrun would decrease the base case NNEB by approximately $1.3 billion, to
$13.6 billion.

Combined Effects: The High Cost Scenario. Of course, major construction
cost overruns may occur on both the Canadian and Alaskan segments of the
ANGTS. The causes of such overruns could be either related or 1independent.
Rather than continue to probe the implications of cost overruns for each
segment separately throughout this report, this analysis examines one "high
cost” scenario to understand the effects of catastrophic construction cost
over runs.

This high cost case 1is based on earlier work by the Departments of the

Interior and Transportation, which estimated the "worst case" cost experience

38/ Recommendation to The President, p. 1-45.
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for the three ANGTS proposals.- The Task Force assessed the worst case
scenario through tne use of expert judgment on specific cost and schedule
items for each proposed system. The worst case was then defined as the cost
estimate located three standard derivations from the expected overrun; that
is, the task force judged with almost 99.9 percent confidence that actual
costs would not exceed the worst case amount.

This analysis adopts the earlier worst case analysis by applying a ratio,
consisting of the worst case costs and expected costs, to the base case
(expected) cost estimates employed in the President®"s Decision (adjusted to
mid-1979 dollars),-—- ~ where:

worst case cost 41/
- - = 1.466-
expected cost

Next, Ulower-48 construction cost was assumed to equal expected levels; then,

the overrun amount (in mid-1979 dollars) was allocated equally between the

42/
Alaskan and Canadian segments.- This allocation results 1in an overrun of

39/ U.S. Department of the Interior, U.S. Department of Transportation,
Alaska Natural Gas Transportation Systems: White House Task Force Lead
Agency Report on Construction Delay and Cost Overruns, July 1, 1977,
(hereafter called the Cost Overrun Task Force Report).

40/ Both the President®s Decision and the Cost Overrun Task Force Report
expect overall construction cost overruns of about 30 percent over filed
cost estimates.

41/ Cost Overrun Task Force Report, p. 131.

42/ This rough allocation scheme 1is used in lieu of detailed quantitative
data on the Cost Overrun Task Force Report®s conc Usion3 about where the
overruns would occur. We believe it is a reasonable approach since the

Alaskan segment involves g.eater technological and other uncertainties
but the Canadian segment is larger in an absolute dollar sense.
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approximately 137 percent over filed costs for the Alaskan segment and of
approximately 108 percent for the Canadian segment. For this worst case 01\

combined overruns, the NNEB estimate again remains significantly positive a

$10.4 billion.

Project Delays

Delays of the ANGTS project could generate new problems or new opportuni
ties for project supporters. Among the possible consequences, a delay could
affect the quantity of gas available for shipment, the quantity of Alaskan g»
demanded by consumers, the interest of potential lenders and equity investors
in the project, or the value-of the gas deliveries to the nation. These
potential results are all important; however, all but the last effect are be—
yond the scope of this analysis.

If the project makes sense now, that is if its base case NNEB estimate is
positive, then with other things equal, the sooner the project 1is undertaken
the better off the nation would be. Because of society"s time preference, a
delay 1in starting the project would cause the NNEB to decline exponentially as
a function of the length of time the project 1is postponed if the real value of
all benefits and costs over the project"s life were to remain constant and the
NNEB were measured from the perspective of the NNEB"s present value 1in mid-
1979. For the base case, however, the gas value increases over time. With

this assumption, a one->ear delay prior to any ANGTS expenditures would
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redace the base case estimated NNEB by $0.4 billion (mid-1979 dollars)

After some or all construction has been completed, project delay would
lead to even greater decrec-ses in NNEB. Not only would the net benefits be
postponed but construction costs already would have been incurred. A one-year
delay after the completion of the system®"s construction ar 1 prior to the
delivery of any gas would generate greater adverse effects for the NNEB esti—
mate t) in for any delay of the same length at any other point in the project
life. Such a delay would reduce the estimated NNEB by $ 0.4 billion (mid-1979
dollars).

EFFECTS ON THE WORLD OIL PRICE

Our base case NNEB estimates include the direct economic efficiency bene—
fits of substituting Alaskan gas for oil consumption but 1ignore any other
significant effects of reducina U.S. oil use. The delivery of Alaskan natural
gas to lower-46 energy markets, especially to distillate fuel oil users, would
reduce U.S. oil imports. Decreased U.S. oil 1imports could reduce worldwide
oil demand sufficiently to generate downward prossuce on world oil prices.

Currently, a clear consensus does not exist concerning the reduction of
world oil prices at all future point3 in time that would result from, say, a

reduction in U.S. oil 1imports of 1 million barrels per day at all future

points in time. In fact, DOE has considered estimates which range from $.10

43/ It appears that a one year delay, compared to the start date used
throughout tb: ysis, 1is likely. See "U.S. delays threaten Alaskan
gas line,™ OL, ,as Journal, February 26, 1979, p. 50. We return to
this delay issut. ..n Section 1V.
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to 5.70 per barrel for an import reduction of this magnitude.- 7

Alaskan gas deliveries could replace approximately 430,000 barrels per day
of oil imports over the project™> life.- / Using the low end of the range
of estimated world oil price effects ($.10 per barrel) and ignoring the off—
setting effect on the gas value stemming from lower world oil prices, the
ANGTS might easily produce annual savings of real resources, otherwise con—
sumed by paymen s for oil 1imports, of $219 million (mid-1979 dollars) on a
base of 6 million barrels of total annual oil 1imports.- / In turn, this
would 1increase our base case NNEB estimate by $2.2 billion over a 25-year
period. Importantly, higher estimates of the effect on world oil prices of
cutting U.S. imports by 1 million barrels per day would increase this NNEB
estimate approximately linearly.
ZERO BENEFITS SCENARIO

Given the high values of the NNEB estimates, it may be useful to explore
the magnitude of ANGTS cost overruns that could negate the economic benefits

47/
from the delivery of Alaskan gas.- Assume, (i) since the construction of

44/ Tne estimate at the low end of the range 1is based on analyses using an
ICF world energy model described in ICF Incorporated, Imperfect Compoti-
tion in the International Energy Market; A Computerized Nash-Cournot
Model, May 1979.

43/ based on 910 x 1072 Btur. of net gas dalivered per year and 5.825 mil—
lion Btu per barrel of distillate oil (ignoring refinery Btu losses in
the case where crude oil, rather than distillate would be imported).

46/ Approximately the level for 1995 in the Energy Information Administra—
tion” ARC, 1979, Series C.

47/ Gas production and gas conditioning cost overruns would also lower the
NNEB estimates, but the cost behavior of such non-ANGTS elements are t
y.,nd the scope of this analysis. We believe, however, that s mply their
small absolute size 1in the base case, compared to the ANGTS construction
cost, makes them less critical from the standpoint of NNEB.
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the Northern Border Pipeline and Western Leg segments is relatively straight—
forward, that their actual costs are as expected and (ii) that the Canadian
segments are constructed for the worst case costs 1incorporated 1in the high
cost scenario. Still, the Alaskan segment would have to experience an overrun
of more than 400 percent over filed costs before the NNEB would fall to zero.

The TAPS experience certainly demonstrated that such overruns are not
inconceivable for arctic pipeline construction projects. Nevertheless, only a
similar catastrophic overrun, cunbined with other conservative features on the
benefits side of the base case NNEB estimate, would make the ANGTS project
economically inefficient from a national perspective.

These sensitivity analyses strongly suggest that, from the standpoint of
the efficient use of the nation"s economic resources, the Alaskan project
appears highly desirablLe. Positive net national benefits for the project,
however, do not mean that all the individual participants 1in the project share
equally 1in these net benefits. This natural gas pipeline project must proceed

in a regulated environment, and the regulations can affect the distribution of

the net economic benefits among the participants in Important ways. Moreover,
the distribution of benefits could affect the likelihood of project implemen—
tation. The next section examines the regulated prices that consumers would

face for Alaskan gas, and the succeeding sections explore the larket position
of delivered Alaskan gas and the distribution of project benefits among con—

sumers, the ANGTS consortium members, and others.
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[11.  DELIVERED COST OF ALASKAN GAS

The cost of delivering Alaskan gas at the citygate of lower-48 gas cist

bution utilities has four important components:
. the wellhead gas price
. state severance taxes on gas production
. any additional charges for gas conditioning
. the cost of service to transport the gas from Prudhoe Bay to the

citygate.

This analysis uses the annuity-equivalent of the annual sum of these figures

over 25 years of pipeline operations as its primary tool for assessing the

attractiveness of Alaskan gas to potential customers. The strengths and weak-

nesses of this approach should emerge from discussions later in this section.

The wellhead gas price is one of the two most important factors in deter-

mining the cost of delivered Alaskan gas. Section 109 of the Natural Gas

Policy Act of 1978 (NGPA) established a ceiling wellhead price of $1.45 per

million Btu as of April 1977, plus inflation adjustments, for natural gas pro-

duced from the Prudhoe Bay unit and transported through the ANGTS.—

Although this amount was established as a maximum, it is generally considered
21/

to be the most likely price.-

1/ The inflation adjustments are based on $1.45 effective April 20, 1977.

2/ This presumably reflects the effects of rolled-in pricing and/or the
degree of competition at the field market for Alaskan gas. Analysis of

this expectation and its policy implications is beyond the scope of this

analysis.
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The state of Alaska would impose a severance tax on Prudhoe Bay gas pro-

duction equal to approximately 10 percent of the wellhead price. This would
add approximately 15 cents to the wellhead ceiling price of $1.45 per million
Btu in April 1977 terms.

A gas conditioning cost estimate of 35 cents has been used in the FPC's

Recommendation, the President's Decision, and other government documents.-"

A recently proposed FERC rule would require that all of these gas conditioning

costs be recovered within the maximum price that gas producers may charge for

4]
their gas (i.e., $1.45 per million Btu, adjusted for inflation).— Unless
stated otherwise, this analysis assumes that the conditioning costs are cover-
ed within the producers' maximum lawful price; therefore, estimates of the

delivered cose of gas include no additional conditioning charges.

The cost of service for transporting the gas through the ANGTS is the

other important component of the delivered cost of Alaskan gas. This cost,
however, is derived in a way that is significantly different from the other
components. The three previous cost factors are expected to be relatively
stable during the project's operating period. Calculated on a similarly
stable basis, the annuity-equivalent cost of service is approximately the same

size as the wellhead gas price.

3/ For example, see FERC, "Notice of Proposed Rulemaking and Statement; of
Policy,” Treatment of Ceitain Production Related Costs, For Natural Gas tn
be Sold and Transported Through the Alaskan Natural Gas Transportation
System, Docket No. RM79-19, February 2, 1979, p. 9, adjusted from 1975 to
1978 dollars.

4/ Ibid.
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In contrast, the

traditional

111-3

historical embedded cost method of establish-

ing the cost of service yields high costs in a project's early years and
decreasing costs over time as the rate base is depreciated. Fror the first
year of operation to the time when the rate base is fully depreciated, the
difference in the cost of service can be large.—" The implications of the
these time patterns of transportation cost are discussed in detail in our
analysis of Alaskan gas marketability (see Section 1V).
For our base case assumptions, the delivered cost of Alaskan gas consists
of the following components:
Annuity-Equivalent 1/
(mid-1979 dollars)
Wellhead Price of Gas 51.68per mmBtu
Severance Tax 0.17
Gas Conditioning Charge .00
Pipeline Cost of Service 1.33
Delivered Cost of Gas 3.18

SENSITIVITY ANALYSIS
The delivered cost of Alaskan gas could change for many of the same rea-

sons as the NNEB estimates. Variations of several of the inputs to the cost

calculations are considered here, including:

S/ Under the base case assumptions, the pipeline cost of service would vary
from $2.34 per million Btu in the first year to 50.43 per million Btu in
the twenty-fifth year (mid-1979 dollars).

6/ Assun/'ng a six percent discount rate and a 2S-year project life.
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N Construction costs
. Gas flow rates
. Length of project life
. Canadian energy decisions
In addition to these potential changes, which reside largely beyond the
direct control of the federal regulatory process, two other variations are
also considered, changes in allowed wellhead prices and reallocation of gas
conditioning costs.
Construction Cost Changes
The potential for cost overruns and possible reasons for such problems
have already been discussed in the N74EB sensitivity analysis (see Section
11). Here we explore the implications of analogous events for the gas prices
that consumers would face.

The first section of Table 111-1 illustrates how changes in the expected

costs of constructing the Alaskan leg of the pipeline system would affect

delivered gas costs. In percentage terms, the delivered gas cost is not par-
ticularly sensitive to the costs of building the Alaskan segment. For
example, if the Alaskan line were built for the costs filed by the ANGTS con-
sortium, rather than for the 30 percent overrun assumed in the President's
Decision, the delivered cost would decrease by 2 percent. On the other hand,

if the Alaskan construction cost were twice as much as originally anticipated,
the delivered cost would increase 5 percent above tho base case. A disas-
trous 400 percent overrun on the Alaskan segment (i.e., 5 times the filed

estimates) would increase the delivered gas cost by 2b percent.
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At first glance, the insensitivity of the delivered gas cost to Alaskan
segment overruns might appear surprising. But transportation costs represent
only about 40 percent of delivered gas costs, and Alaskan segment costs are
less than 40 percent of transportation costs for the base case. Consequently,
this insensitivity should be expected.

The second section of Table 111-1 explores how construction cost changes
for the Canadian segment would affect the delivered cost of gas. Again, the

sensitivity of delivered costs to construction costs for this part of the

pipeline is not large. For example, if the line were built for its filed
cost, rather than the 40 percent overrun assumed in the President's Decision,
the delivered cost would decrease by 3 percent. If the Canadian segment, for
which there should be relatively little technological uncertainty, were to
double in cost from the filed estimates, the delivered cost would increase 4
percent frcm the base case. And even the "high cost" scenario described in

the previous section (132 percent overrun for the Alaskan segment and 105
percent overrun for the Canadian segments), would yield a delivered gas cost
only about 12 percent higher than the base case.

Gas Flow Rate Changes

Changes in the rate at which Alaskan gas flows throuah the ANGTS would

also affect the cost of delivered gas. The net result stems from two effects,
each moving in opposite directions. First, the flow of additional gas would
spread common costs over a greater pool of gas supplies, thereby lowering unit
costs. Second, a greater flow would require increased capital expenditures

for compression capacity and increased fuel expenditures for each unit of gas
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TABLE 111-1

DELIVERED GAS COST ESTLMATES
FOR SELECTED CONSTRUCTION COST SCENARIOS £/
(Mmid-1979 dollars)

Delivered Changed From
Cost Scenario Gas Costs W Base Case
(5/mmEtu) (percent)
ALASKAN OVERRUN
0 (filed costs) $3.12 -2 %
30% (base case) 3.18
100% 3.33 + 5
200% 3.54 +11
400% 3.97 +25
CANADIAN OVERRUN
0% (filed cost3) A 3.09 -
40% (base case) J.18
100% 3.32 + 4
COMBINED CHANGES
filed costs, all segments 3.01 - 5
expected costs, aLl sﬁments 3.18
"high cost"” scenario 3.55 +12
al Base case assumptions used for other parameters,

b/ 25-year annuity-equivalent, at the citygate.

c/ Assumes a 132 percent Alaskan overrun and a 105 percent Canadian overrun
(derived from DOI/DOT worst case analysis). U.S. Department of the
Interior, U.S. Department of Transportation, Alaska Natural Gas Transpor-
tation .Syst™1 white House Task Force Lead Agency Report on Construction

Delay and Coat overruns, July 1, 1977.
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delivered.— Of course, a lower flow rate

Table 111-2, below, presents the delivered
resulting from changes in the rates
TABLE

at which gas

would have opposite effects.

cost estimates of Alaskan gas

vould flow through ANGTS.

i-2

EFFECTS OF GAS FLOW RATE CHANGES
ON COST OF DELIVERED GAS Ed
(mid-1979 dollars)

Change in Gas Cost
m Gas Xow Rate Delivered Gas Cost From Base Case
(Bcf/day) ($/ramBtu) (percent)
2.0 8§3.37 +6%
2.4 3.18 _
3.2 \ 3.05 -4
4.0 3.09 -3
4.8 3.25 +2
al/ Base case assumptions used for other parameters,
b/ 25 year annuity equivalent, at the citygate.

If the flow

rate were increased by one-third to 3.2 Bcf/day, the delivered
cost of the gas would decrease by 4 percent to 83.05 per million Btu. A flow
rate of 4.0 Bcf/ day would lower the delivered cost to 83.09 per million Btu,
a level lower than the base case but higher than the 3.2 ~, f/day case. Given

the current system design, this increase indicates that fuel use penalties
would outwvigh the capital cost economies of scale at an input flow rate equal

71 If a flow rate higher than 2.4 Bcf/day were anticipated prior to system
design, a system with lower unit costs could possibly be engineered. This
analysis, however assumes that any flow rate changes are accommodated by

changes in the system as now planned.
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to or greater than 4.0 Bcf/day. If gas production rates were lower than
expected, unit costs could increase to $3.37 per million Btu, or a 6 percent
increase, for a 2.0 Bcf/day flow rate.—"

Project Life Changes
The base case delivered cost of Alaskan gas assumes e 25-year delivery
period in order to develop the annuity-equivalent cost estimate. In the

ANGTA, Congress expressed an interest in these cost estimates for a 20-year

period.g—/ For a minimum likely wuseful project lifetime of 20 years, the
delivered unit cost of gas would increase to $3.28 per million Btu. For 30
and 50 years, a first approximation of the delivered gas cost indicates
decreases to $3.11 and $2.98 per million Btu, respectively These

figures are summarized in Table 111—3.

Canadian Energy Actions

Two Canadian energy supply decisions could also affect the delivered cost

of Alaskan gas. These two possible actions are (i) a reversal of the deci-

sion to move Mackenzie Delta gas through the ANGTS and (ii) early sales of

Alberta gas through pre-built southern portions of the ANGTS.

8/ The fuel consumption behavior is extrapolated from data in FEHC staff,

Alaska Gas Project Office, System Design Inquiry draft paper, undated.
9/ ANGTA, Section 5(c).

10/ This approximation assumes no new capital expenditures are required to

maintain the ANGTS for these longer periods.
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TABLE [11-3

DELIVERED GAS COST AS A FUNCTION OF LENGTH OF RELEVANT TIME PERIOD £/
(mid-1979 dollars)

Change in Gas Cost

Length of Time Delivered Gas Cost */ From Base Case
(S/mmBtu) (percent)
20 years $3.28 + 3%
25 years 3.18
30 years 3.11 -2
50 years 2.98 -6

a/ Base case assumptions used for other parameters,

b/ 25-year annuity-equivalent, at the citygate.

Removing the requirement to ship Mackenzie Delta gar would eliminate the

uU.s. share of the cost of the Dempster Lateral, which would connect the
Mackenzie Delta gas to the ANGTS. Conversely, this would also increase the
U.S. share of the costs for the ANGTS Canadian segments. The combination of
these countervaililg effects is estimated to be an increase of 2 percent in
the base case delivfid gas costs, from $3.18 to $3.23 per million Btu.

The early delivery of Alberta "bubble"” gas through pre-building of the
southern portions of ANGTS would allow some of the pipeline's capital expendi-
tures to be depreciated prior to initial deliveries of Alaskan gas. A precise
estimate of how early deliveries would affect the figures for the delivered
cost of gas is beyond the scope of this analysis.

Policy Actions

The FERC has proposed that "the Prudhoe Bay producers should be respons-

ible for the construction and operation of the required conditioning facil-
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ity ."— 7 This analysis assumes that the maximum lawful price ($1.45 per
million 3tu, with adjustments) includes the payment of gas conditioning costs.
Alternatively, the Commission could decide to make gas consumers bear all
or part of the gas conditirning costs. If the ANGTS consortium were required
to provide gas conditioning facilities as a part of the pipeline system, the

delivered cost of gas would increase by approximately 22 percent to $3.38 per

12/
million Btu (1979 dollars) under our base case assumptions.—
Another regulatory i~sue concerns the maximum lawful price for Prudhoe Bay
gas set by the NGPA (Section 109). On a present value basis at this price,

the wellhead revenues would exceed estimated production costs (including

royalty and severance taxes an'* a normal return or. investment) and gas condi-
tioning costs by $12.9 billion (mid-1979 dollars). Although Commission dis-
cretion in *\his area may be limited, reduction of these wellhead re/enues

could enhance Alaskan gas marketability and the welfare of gas consumers con-

siderably, but only at the expense of Alaska and feueral :axpayers and the gas

producers.

11/ FERC, "Notice of Proposed Rulemaking and Statement of Policy,"” Treatment
of Certain Production-Related ~osts for Natural Gas to be Sold and Trans-
ported Through the Alaska Natural Gas Transportation System, Docket No.

RM79-19, February 2, 1979, p. 12.

12/ See Appendix C. This $0.70 (1979 dollar) gas conditioning charge is

roughly equivalent to the $0.60 charge mentioned in Foster Associates,

Inc., "The Marketability of Prudhoe Bay Gas In The Lower 4G States,” March
28, 1979, p. 1. Both the Foster Associates estimate and this analysis use
Ralph M. Parson Co. data. The differences from the earlier estimate of

$0.30 (1975 dollars) mentioned in the President's Decision, p. 95, can
largely be explained through the charging of the maximum wellhead price
for the gas consumed in the conditioning process rather than counting just

the actual production costs for the gas used in conditioning.

|C F INCORPORATED
AGU 885936 -1



GAS COST BEHAVIOR OVER TIME

Thus far, our discussion of the delivered costs of Alaskan gas has focu:
on the annuity-equivalent cost. If, however, FERC were to apply the tradi-
tional historical embedded cost approach to the ANGTS ratemaking, the actual
costs facing potential Alaskan gas purchasers would vary from year to
year.—f Under traditional ratemaking, the pipeline cost of service

includes a constant rate of return on the rate base, where the rate base is

defined by the undepreciated book value of the pipeline investment. On this
basis, the rate base is highest in the first year of service and, then, grad-
ually decreases over time un**i. the rate base is fully depreciated. Figure

-1 illustrates how the time-profile of the cost of service affects the
yvyearly delivered «ost of Alaska gas (in mid-1979 dollars).

The time pattern under traditional cost of service regulation yields costs
which initially are much higher than the annuity-equivalent cost and decrease
steadily to a level equal to O&M costs and other annual expenditures, well-
bclow the annuity-equivalent cost. In principle, this artifact of traditional
regulatory practice represents only one of several possible ANGTS cost pro-
files. One alternative would be 9 constant cost (in real or nominal dollars)
equal to an annuity-equivalent value. It would also be possible to devise a

gas rato schedule of equal present value that allowed lower costs in the

13/ The present value of the stream of tin.se actial costs, however, would be

equal to the present value of the annuity-eq ivalent cost.
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FIGURE I11-1

DELIVERED ALASKAN GAS COST!
TRADITIONAL REGULATION VS. ANNUITY-EQUIVALENT
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earlier years of the project and increased costs over time.i4/
”he importance of the annuity-equivalent gas costs and the time pattern
traditional gas pipeline tariffs results from the opposite price signals ea’
can transmit to gas customers. Earlier, Section Il demonstrated the robust

nature of the ANGTS NNEB estimates, which remain positive for any reasonable

expectations £or the project. But regardless of the magnitude of t ie poten-
tial national benefits of the Alaskan gas pipeline project, the proposed pro-
ject must be implemented in order to realize these benefits. As mentioned in
our introduction, the project can be completed only if its sponsors, other
equ.ty investors and lenders believe that the Alaskan gas delivered through
the pipeli'e can be sold. This section has explored the range of annuitized

costs which gas consumers would be required to pay if the project were imple-

mented. In the next section, we begin to explore the market outlook for *

Alaskan gas.

14/ Although the former Interstate Ccnunerce Commission approach has no unique

methodological vn’'ue, this pattern could be developed through the rate-
making method u:.ed for oil pipelines, which allows a constant rate of
return on a rate base defined by the replacement cost of the line. Alter-
natively, the depreciation schedule could be altered so that the result-

ing rates display less variation on a real cost basis than do gas rates

based on traditional depreciation treatment.
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V.

The U.S. natural

outlook differs

THE RELATION OF THE ANGTS TO THE U.S. ENERGY MARKET

gas ..u-iically from the situation per-
ceived at the time the A'.askan Natural Gas Transportation Act of 1976 (ANGTA)
was enacted. Then, Congress found that "a natural gas supply shortage exists
in the contiguous States of the United States."-" The current outlook
appears to be much improved because of legislated changes in natural gas well-

head pricing, end use

pricing

requirements and reforms, user energy conserva-

tion, and other factors. Also, large gquantities of Mexican gas have been
offered for sale to the U.S., and additional Canadian gas supplies may be
offered for export.

In this updated context, this section analyzes whether (i) Alaskan gas can
offer economic advantages as a substitute for distillate fuel oil, (ii) the
Alaskan gas pipeline project compares favorably with another major potential

new gas project— Mexican

and to consumers remain if

distillate.

BASIS FOR COMPARISON

As noted several times

cost-of-service ratemaking

fundamental economic

the ANGTS. For example,

1/ ANGTA, Section 2.

gas,

merits

consider

and (iii) the pr jecr.'s benefits to the nation
Alaskan gas replaces residual fuel oil rather than
in earlier sections, the traditional gas pipeline

methods can provide misleading signals about the

of a capital intensive gas supply project such as

a comparison of first-year costs between a
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capital itensive gas project and an alternative gas project with low capital
investment but with real cost growth built into the price term (e.g., a source
whose price of gas, ex transportation, is tied by formula to a rapidly esca-
lating world oil price). The first-year costs of the capital intensive pro-
ject would include a return on the entire, undepreciated rate base. In con-
trast, the first-year costs for the latter project would precede the onset of
any real cost growth caused by future world oil price increases. Thus, the
worst year of the capital intensive project would be compared to the best year
of the low investment project. A comparison of the la>t-year or average-year
costs could be similarly inappropriate in an economic sense, even if it were

to reverse the apparent relative attractiveness of the two alternatives.

Although one-year cost comparisons have appeared in analyses of the

A NGTSa more commonly used measure has been the simple arithmetic average

of the annual cost3. Since the arithmetic average may introduce only minor
distortions when comparing projects with similar cost patterns over time, its
use as a shortcut in comparing the ANGTS to other capital Intensive alterna-
tives may have been acceptable. But for comparing the ANGTS with other less
capital intensive energy supply options (e.g., distillate fuel oil or Mexican
gas), it i3 important to use a comparison technique that carefully incorpo-

rates the time value of money (Appendix E presents detailed examples of prob-

lems associated with the use of an arithmetic average).

2/ For instance, see Congressional Research Service, "Mexico's Oil and Gas
RolLicy: An Analysis,” prepared for the Committee on Foreign Relations,

uU.s. Senate and the Joint Economic Committee, December 1978, pp. 5, 48-49.
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To account for the time value of money, this analysis calculates the equi-

valent cost of purchasing one unit {a million Btus) of energy if the price

were the same (in real terms) in each year of the time period considered.-"

In a manner consistent with lifecycle cost comparisons, these annuity-equiva-

lent costs (or "levelized" costs) provide a basis for comparison among energy

supply alternatives with radically different cost patterns over time. This

concept was employed to develop the annuity-equivalent figures used in Section

I I The following analyses of Alaskan gas versus other potential gas sup-

plies and other energy sources use both annuity-equivalent values and annual

time profiles to explore the market prospects for Alaskan gas.

ALASKAN GAS AND DISTILLATE FUEL OIL

The NNEB analysis (Section 11) found that, frcm a national perspective,

the United States would gain large net benefits from the delivery of Alaskan

natural gas. Under the base case assumptions, this benefit would be approxi-

mately $14.9 billion (mid-1979 dollars).

Despite advantages to the nation from imrlementing the ANGTS, the base

case estimates indicate that potential Alaskan gas customers, if faced

directly with the cost of Alaskan gas through a separate rate schedule,

initially might prefer distillate fuel oil. This paradox stems from tradi-
tional cost of service ratemaking methods, un.-er which customers for Prudhoe
Bay gas could expect Alaskan gas costs well above distillate fuel oil costs in

the early years of delivery (see Figure 1V-1).

1/ See Appendix E for an expanded discussion of the annuity-equivalent con-

cept.
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FIGURE V-1

ALASKAN GAS AND DISTILLATE FUEL COST PROJECTIONS
(1979 dollars)

Distillate
(medium oil price
escalation)
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