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BACKGROUND 1:
MOZAMBIQUE’'S GAS BONANZA
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© One of the poorest nations (WB, 2015)

2013 population: 25.83 millions
2015 GDP/cap: $525.0
2015 HDI ranking: 180 (out of 188 countries)

2012 Electrification rate: 20.2%

@ 2010: prolific gas discoveries in the North

Reserves (Rovuma Basin): 3,700 Bcm (i.e., 2.5 x Troll in Norway)
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@ The 10Cs

Favor large scale, export-oriented, LNG projects

Condition investment in E&P developments to LNG sales

Overlook the domestic market
A Proposed LNG facility ei@

------ Natural gas pipeline (Planned)
Il Natural gas fields Source: EIA (2014)
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BACKGROUND 2: e Y S
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- A phased pipeline development Mi. ,M*Apm s e
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- Gas-Based Industries (GBI) can provide the “anchor” load | ™"/~ K ArcaA Sosol BN
needed for pipeline development
- Strategically locate them in Nacala, a natural deep harbor Issue:

- the Nacala Development Corridor to Malawi and Zambia

Attracting an

- A potentially emerging local market: Clusters of smaller gas-using adequate degree Of
industries are expected to develop once gas infrastructure is in place infraStrUCtu re

- arapid and steady growing electricity demand in the region
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BUILDING AHEAD OF DEMAND?

@ So, the GoM has to attract FDI in a gas pipeline system

@ Joskow (1999): simple regulatory instruments should be favored to attract FDI in the infrastructure

sectors of developing economies.

= Mozambique has implemented a simple form of rate of return regulation

@ But foreign investors are reluctant to consider the potential of the domestic

market

@ they tend to solely consider the proven demand of large gas-based industries

@ Chenery (1952), Manne (1961): « build ahead of demand »

In case of investment irreversibility and pronounced economies of scale, it is justified to
install ex ante an appropriate degree of overcapacity to minimize the expected cost of
production over time if the future output trajectory is expected to rise over time.

Can planners/regulators leverage on the Averch Johnson
4 (1962) effect to adequately build “ahead of demand”?



RESEARCH QUESTIONS

How should the allowed rate of return be determined?

- to attract investment

- to achieve the installation of an "adequate" degree of
overcapacity

© ROADMAP
1 — Technology, an engineering economics approach

2 — Examine and characterize the ex ante behavior of the
regulated firm

3 — Characterize the ex post behavior of the regulated firm in
case of an ex-post expansion of the demand




1: TECHNOLOGY
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TECHNOLOGY: CHENERY (1949) — YEPEZ (2008)
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1 - Compressor equation
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H =c1.[£p1] —1}(3
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2 - A flow equation (Weymouth)

Q:C_i_DS/s 0% —p,? r=¢,D

3 - Mechanical stability




TECHNOLOGY: AN APPROXIMATION
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FURTHER ASSUMPTIONS

The amount of energy E used for the compression is
proportional to H

The capital expenditures K is proportional to the
weight of steel (i.e., to the volume of an open cylinder)

2 2
K=PRlLx (2+7j _b Wi
2 4

So, using the mechanical stability condition: z=c¢,D

K =P,LzD?| ¢, +¢;” |Wq

We obtain the Cobb-Douglas production function Q=M K*°E"

Q/ =K“E™ with «a=811 and p=9/11
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THE COST FUNCTION

Long-run

Min - C(Q)=rK +eE

s.t. QF =K*E™

Long-run cost function

rael—a
C(Q)= g
(Q) aa (1_a)1—a Q

with f=9/11

LR cost-minimizing capital

@it @

Short-run

K is fixed L
Eis variable E(Q,K)=K«Q«

Short-run cost function

B
SRTC, (Q)=rK +eK*«Q'
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2. THE EX ANTE BEHAVIOR OF THE
REGULATED FIRM
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A REGULATED MONOPOLY

© We assume a constant elasticity demand schedule
P(Q)=AQ™ with ¢ e(1-,1)
and examine the behavior of the regulated monopoly
Max  T1(Q)= P(Q)Q - rK - eE(QK) (1)
st P(Q)Q-eE(QK) =sK (2)

@ Solution: see Klevorick (1971).



STATIC COMPARISONS

@ We compare the solution (*) with two benchmarks:
(M) Monopoly

(a) Average cost pricing

© Comparing metrics: output, capital, and cost ratios

Q_* K C
Q" K(Q)  c(@)
i/rftdig;\; <0 <0 <0

These ratios are determined by: the ratio s/r, the demand
elasticity and the technology parameters.
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3. THE CASE OF AN EX-POST
EXPANSION OF THE DEMAND




THE EX-POST BEHAVIOR OF THE REGULATED FIRM

® Exante:
The regulator sets s that will remain fixed hereafter
The regulated firm decides its investment and thus K~

© Ex post:
Alarger demand: P(Q)=(1+2)P(Q) with A>0

Lemma: The regulated firm must adjust its output, and there
are exactly two candidates: 5 .o -5

_. P(Q)o-eE(0.K
Pre \\'?'Q (0.57) We focus on the case of the

sK” / \ ~*
) \ ‘ expanded output O,

7 %iﬁQ,’lQ—eE(QK”)

This output is monotonically

E* —> increasing with A
&

15 0. Q
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A COST EFFICIENT EX POST OUTPUT LEVEL

©® We now consider a cost-efficient capital-output
combination(K_,Q.) ...

Kce =K (ch)

where K(Q) isthe LR cost minimizing capital

... that also verifies the ex post rate-of-return constraint:

(l_'_ ﬂ“) P (ch )ch —ekE (ch’ Kce) — SKce

@ Solving, we obtain a closed form expression of (K.,Q,)
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QUESTION

@ Can we set s so that the ex post capital-output

combination is cost efficient?

(I-¢)a

Proposition: For any 4 6(0,1) with Zf{ﬁ_(l_g)(l_a)}ﬂ

{1—3}_1
p

there exists a unique rate of return s, «(r.s") such that: K" =K (Q)
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3: PoLIcY DISCUSSION
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THE EX ANTE SOCIALLY DESIRABLE S

Max W(s):jQP(q)dq ~ rK - eE(Q,K)

0

st. | Max 11(Q)= P(Q)Q - rK — e E(Q,K)

Solution: s°m=[ﬂ_(l_g)(l_“)]2r iff
a| f-(1-a)(1-2) |

s°Pt is monot. decreasing with (1/¢)

. 1 11
and soPi>r iff =< ~1.23

g 2+43

As £ <1, s°tis bounded:
opt
S” P 118
r «a

1,125
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APPLICATION AND DISCUSSION

Loa 7 S L) wisrosr(Z) "’-“i[ﬁj
s 0 0 AW AW\ a AT L
0.251 0.287 2.053 2.498 0.723 0.990
0.170 0.200 1.547 1.757 0.727 0.980
0.106 0.131 1.337 1.440 0.738 0.964
0.063 0.082 1.223 1.274 0.748 0.937

This table details the range of A for which it is possible to: (i) build
ahead of demand while (ii) maintaining a fair rate of return s lower
than the threshold Br/a.

For A <A, one has to follow Joskow (1999) who points that
regulators in developing economies often face possibly conflicting
public policy goals and have to clearly define and prioritize these
goals
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CONCLUSIONS

@ The technology of a natural gas pipeline can be approximated by
a Cobb-Douglas production function that has two inputs K and E.

Discussion: relevance of the empirical analyses of the A-J effect that
solely consider the relations between K and L?

@ Case A=0: It can be justified to use a fair rate of return s larger
than r the market price of capital in the gas pipeline industry.

Note: welfare maximization suggests that the ratio s/r has to be
lower than B/o = 1.125

® Case A>0: It is possible to use the A-J effect to “build ahead of
demand”

Note: the range of A for which this strategy does not hamper
the welfare obtained ex ante is quite narrow.



