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Abstract: Capacity and price cycles in capital-intensive indstries affect firms’ performance and
profitability, and there is a need for understandirg the mechanisms and dynamics of investment in
capacity expansion. We report the main results ofhie analysis of investment decisions in the LNG
industry, specifically in the liquefaction segmentWe propose a model in which investors estimate the
capacity needed from their expectations for futuredemand. This estimation changes as market
sentiment encourages or discourages investments. Kat sentiment is increased by profitability and is
decreased by projects under construction as inves® would find stronger competition for allocating
their supply According to the results, liquefactioncapacity increases until 2030 as a result of incasing
forecast of demand and high prices. In the 2010s pacity even overpasses demand expectations due to
decisions prior 2011. When investors are driven owl by profits of the market, cycles of capacity
appear, which agrees with other markets such as elgic ones. This result suggests that investors
indeed are aware of the likely saturation of the miket in the near term. Under low and high prices,
industry is still profitable, being those results ery similar although model seems to be more sensié to
low prices.

Keywords:Liquefied Natural Gas (LNG), investment decisionsgapacity expansion, lumpy investments,
capital-intensive industries

1. INTRODUCTION

In capital intensive industries new facilities areually large and have few alternative uses. Lusgsnof
investments (infrequently built and large [1]) Bsaciated to capacity and price cycles. Since tnglugde
fluctuations impact income and profitability, thésea need for understanding how investors behadendnat
determines the magnitude and timing of their inwesit decisions.

The Liquefied Natural Gas (LNG) industry is an exdenof a capital intensive industry. Recent cogtifes
for a typical liquefaction plant range between USD2nillion and USD400 million [2] per million tonep
year (mmtpy), for a nominal capacity between 4 nyngmd 5 mmtpy [4]. In addition, there are few
alternative uses for LNG plants, terminals and ieesr New capacity is added with long delays, which
generates some booms and busts in project coristru€ine example of this was observed during 20082
when charterers over-contracted shipping requiresi&h

Construction cycles bring uncertainty to the markieicreasing the complexity of decision-making.
Uncertainty, in turn, decreases both market efficyeand return of investment. As discussed beftbris,
problem is important because profitability is loweith excess capacity while the high profits earméten
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there are capacity constraints increase the udeN@ substitutes and the entry of new capacity. €ycl
emerge because people tend to invest in capacignwelpected profits are high and they tend to désin
when profits are low. Disinvestment imposes costsaciety in the form of lay-offs and lost revenughich
is why it is important to understand how investmeydies emerge [4].

Investment decisions are the most strategic dewsiofirm can make[5]. Capacity additions can cleathg
structure of an industry, and have a significaract on the market price. As capital investmengsusually
long-lived, they are a critical determinant of havarket competition evolves in the long run. Accogiio

[5], mistakes in the form of overly-aggressive avopy-sequenced capacity expansions can result in
unintended over-capacity that can “spoil” a mafketyears, even for decades.

This paper reports the main results of the anabysisvestment decisions in the LNG industry, sfieally in

the liquefaction segment, using System Dynamics)(SD is used because the investment process is non
linear with long delay times and multiple feedbaelationships, and because SD is particularly robugs
ability to use qualitative and quantitative dath [6

We focus on liquefaction capacity because this seqgrof the supply chain leads the investmentseanother
links of the value chain. Before presenting the ed@ahd its results, we briefly describe the LNGusily and
LNG market in Section 2. In Section 3 we brieflwiev previous research on the factors that detegmin
investment decisions, while in Section 4 we presemhe reviewed models concerning capacity expansion
Then we present the dynamic hypothesis of the madelits assumptions in Sections 5 and 6, respedgtiv
Model validation is presented in Section 7 whilel @aesults are presented in Section 8. Finally,enti®n 9

we present the conclusions of the paper.

2. THE LNG INDUSTRY

LNG is a colorless, odorless, and non-toxic clepridl that is one six-hundredth of the volume oftmage in

its gas state. LNG is safe to transport over loistadces and it is estimated that it is more ecocainthan
pipeline gas for distances larger than ca. 30007kniliquefied gas overcomes several geographicdl an
political factors faced by long-distance pipelingsd it is increasingly competitive at shorter dists
because it lowers logistics costs [8]. LNG valuaiohhas four main stages: from field development to
liquefaction and transportation to regasificatioriie importing country.

Liguefaction and transportation costs are the krgest components of the chain[7], [9]. Thereasstrong
evidence of economies of scale in these activitdthough liquefaction costs seem to decrease plht
size. Liquefaction costs of a project with 2 tra{ptants) of 4 million LNG tons per year (mmtpyea30%
less than the costs of a project with 4 trains ah@itpy [9]. Although evidence of scale economies is
inconclusive [10], train capacities have been iasieg. The first commercial train built in Arzew|ggria
started operations in 1964 and had a capacitylofmitpy but trains built during the 2000s had aacity up

to 7,8 mmtpy. Shipping capacities have also in@édsom 40.000 cubic meters (cm) in 1970 to 250.600

in 2010, also decreasing costs [7].

Although liquefaction costs decreased between g894 and early 2000s, through learning and teclyyolo
improvements, capital costs have been increasimgp 2005 due to overbooking of engineering, praverg
and construction contractors, high raw materialsegrand regional labor constraints. The impadhete
constraints in LNG industry is high since thesejgnts need specialist equipment and personal, aad a
mostly located in remote regions with limited irdnaicture [11]. Shipping capital costs follow a #&mn
pattern, decreasing from USD280 million in 198048D155 million in 2003, and increasing again by 00

2



Shipyards gain in experience and an increasing pumifsshipyards are capable of constructing LNGekss
thus increasing competition. Hence, bigger shisnalLNG to be transported more economically on kmg
distances [7].

World LNG sales have grown in the last years frof8 billion cubic meters (bcm) of gas in 2001 to B30
bcm of gas in 2011. In 2011 global LNG sales tataé32,3% of all the natural gas movements around the
world, including pipeline exportations[12]. 20 cdtes exported LNG in 2010 and 25 countries impbite
Most of LNG trade has traditionally been made tiglobilateral contracts lasting 20-25 years. Asrttzeket

has matured, sales have become more flexible, saits in the spot market increasing from 15% in22@0
25% in [3]. Excess capacity in transportation amddpction surpluses have allowed the increase antsh
term, more flexible contracts and spot trade matange the conditions for investment [2].

Although many long-term gas contracts are linkeditgrices, there have been major changes in #beral

gas industry and gas prices are increasingly ddedufpom oil prices in North American and European
markets. In addition, gas demand growth and deatigul of gas and electricity markets have increaked
convergence between electricity and gas pricess@lthanges in gas markets are also reflected on LNG
prices and markets. LNG price is now linked to oegil gas prices in the U.S. (Henry Hub) and the.U.K
(NPB), whereas in the rest of Europe and Japan pNé is still linked to crude oil (Brent and Japarude
Cocktail- JCC, respectively). As a result, LNG prio the Asia-Pacific markets is exposed to thawldly of

oil price and this, in turn, increases the needdog-term contracts in order to hedge from priod demand
instability.

Furthermore, long-term contracts help to coordinatestments along the LNG chain, and supply catgra
are often required for financing[3].For exampleg&s, which has the legal monopoly of gas in Souitek,
signed a 4,8 mmtpy 25 year supply agreement wig(Gag, a joint venture between Qatar General Patrole
Corporation (70%) and Mobil Corporation (30%) [13].

Long-term contracts do not imply any kind of pragem liquefaction capacity from the buyers. Howewl
companies often have interests in gas exploratiextraction, production, liquefaction, shipping,
regasification and sales. Private oil and gas caeggoin long-established state-owned entitiesxporting
countries securing low cost sources and connetiiaduel to high value markets [7]. In turn, veaticisk-
sharing of long-term contracts is increasingly ctenpented by vertical integration and risk takindigquid
markets [14].

The delays experienced by LNG projects evidencsethiisks. Some of the host countries are developing
countries and use to experience financing, envienmtal, social, regulation and politic problems, ehi
increases the risk of no completion or of delaysdme stages of the project. For example, progath as
Brass (Nigeria), which was announced in 2004; Aragn Skikda (Algeria), and Olokola (Nigeria) thatrer
announced in 2005; and Ayacucho and San Jose (Mela@zhat were announced before 2004 were in their
early stages or had not started by 2010.0n ther didwed, other projects such as Qatar Gas Il andiéhe
both started on 2004 and were completed in time2009 and 2010, respectively[15]. As a result of
uncertainty in project completion dates, potentigkstors find it hard to assess the exact amolptajects
that will meet demand in the future, which adds plaxity to the decision making process.

3. INVESTMENT DECISIONS
It has been noted that LNG supply rather than denmthe force behind the growth of LNG trade abtime
world [3]. Then, to understand the dynamics of gtoim the LNG industry, we focus on the behavior of

investors in comparable industries. According t®][Investors look at the future price and decidethier to
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start building or not depending on the profitagilihey perceive. Investors also shape their datsising
information about the difference between forecastethand and supply [17]. Research by [6] suggésis t
decisions to build new power generation plantsbased on expectations of capacity needs and phbitifiga
There are other theories that address coordinatidnvertical integration issues. In the rest of gection we
discuss these theories and their ability to explalG capacity building.

According to game theory, decisions should take axcount other players’ reactions and their effect
firm value [18]. Mason & Nowell [19] find that capigy decisions depend typically on firm interactowith
other firms’ economic decisions. As discussed leeféaick of coordination generates boom and busts in
construction, and also, overcapacity and underaigpperiods. According to [20], in a verticallytegrated
industry, overcapacity occurs because market angrgment failures cause enterprises to ignore full
information on the future changes supply and denteatahces.

In the industrial organization literature, capadiypansions have been studied as a strategy to nete
players from entering into the market [21]. Entetatrence behavior increases when sunk costs ging22].
In the same way, Besanka al[5] suggests that irreversible investing incapaaitgkes preemption more
credible and thus more likely to be pursued. Howeempirical work in some industries suggests fhats
are able to avoid excessive capacity and that tmes#t decisions can be coordinated. Capacity ovleibg
preemption arises when product differentiation &aly but is only transitory. According to that, otinated
decisions in an industry depend on differentiatmnproduct and investment sunkness (Sexble J.
Differentiation affects the competitiveness of fm®duct market and thus firms’ profits. Reverstigilof
investment affects the costliness of capacity egjendecisions that turn out ex post to be excessiv

LNG industry would be located on the bottom of tiggt of the table because LNG is a homogenousymtod
and this is a capital intensive industry charazegtiby lumpy investments. As stated by [5] “Whenkscosts
are high and differentiation weak, a mild preemptiace takes place as each firm tries to secuapacity
advantage. The preemption race in this case isrstifan others because the firms foresee thanthesiry
will become stuck with overcapacity and, consedyemeins in their aggressiveness. This is a dyecami
manifestation of the maxim that exit costs areyeb#rriers.”This could explain why there is no ernde that
capacity expansion is used for entry-deterrendenLNG industry. This industry uses other mechasi$o
deter entry, such as contracts that prevent thartigs entry [23] and impose exclusivity on exports
destinations [14].

Table 1. Capacity expansion and withdrawal processes undeasrriow depreciation depend on
differentiation and investment sunkness. Taken Besanko et al. [5]

Coordinated Withdrawal

Uncoordinated Withdrawal

Coordinated Expansion

Differentiation: strong
Investment Sunkness: low

Differentiation: strong
Investment Sunkness: high

Uncoordinated expansion

Differentiation: weak
Investment Sunkness: low

Differentiation: weak
Investment Sunkness: high

One of the main causes of excess capacity is gwale nature of capacity additions. While demanavg
gradually, capacity grows discretely as projects emmpleted, which means there are periods of exces
capacity [24]. While investing in larger plants cessult in significant scale economies [25], geftihe
timing wrong, and investing simultaneously withiamber of rivals, can result in significant overceipaand
poor returns. Thus, an effective corporate govereaystem could act as a brake on firms attempdireglid

too much capacity simultaneously [26].



Similarly, according to [6] two mechanisms driveeoonstruction (or, later, under constructionrapacity.

First, projects in development are not fully acdednfor, so the signal to develop more capacitytiooes

until it is evident that new plants are being buiecond, high prices and high profit expectatieas each
developer to assume that their new and efficieantgl will capture a profitable share of demand evben

there are more plants than needed in developmentbdth these reasons, orders for new capacityiraont
past the point of exactly meeting future demands Hygrees with the idea that investors do not deeila
group or coalition that seeks to meet demand [27].

This shortsightedness of investors is treated B, [#here investors’ behavior is studied deeply.[28]
investors are classified into three categoriesbéljeverswho will believe a new plant is for real when they
see it in operation; (iipre counterswho count the new capacity into their forecastimgcpss as soon as
construction is initiated, revealing their confidenthat any unit that starts construction will $imi
construction; and (iiifollowers,whose commitment to construction does not occtit otmers have initiated
some construction, showing a herd-mentality factor.

This is important because, although LNG projects tao big not to be noticed, there is one comptigat
factor that could cause companies to discount temdrplants already under construction. This faddhe
uncertainty of construction lead times. As a resuit this uncertainty on lead times, skepticism abou
completion of announced power plants is expected,ane can conclude that investors in LNG behave as
believers

About the coordination of investments into an irntdyg4] suggests that it is impossible to coordénahen
there is no market power. Then, a regulated mowyopah coordinate its actions because it knowsws o
plans. In a deregulated environment firms do natttcompletely in other firms, so they cannot dithlany
coordination [6]. Coordination in the LNG industrtguld be more difficult to achieve than in othedlstries
because many players are national companies repirgg@ublic rather than private interests. Basedte
theories examined in this section we build a dyramypothesis for investment decisions in the LNQustry
and present it in the next section.

4. MODELING THE DYNAMICS OF CAPACITY EXPANSION

System dynamics has been used by many authors iattampt to explain capacity cycles in several
industries. Traditionally, studies deal with macmeomic cycles or cycles in agricultural commoditibut
there is a body of literature expanding this lifieesearch to capital-intensive industries.

For example, SD has proven to be useful for explgifeedback mechanisms in electric systems [2dhrB

& Larsen [29] use a SD approach to see how poweefgdion capacity evolves under certain scenahps.
[28] the Loss of Load Probability (LOLP) is used fivoviding a signal for new investment. LOLP take®
account demand uncertainty and the stochastic enatigenerating unit failures. It essentially degemn
reserve margin seen as capacity utilization. Hemden there are periods of excess capacity, theRLOL
should be relatively low, and there will be feweéntives to invest in new capacity. Alternativelyhem there

is heavy demand relative to the available capati@®l.P would raise and provide the required investine
incentive.

Cyclicality has been studied in pulp and paper &tidu[4], airline market [30] and oil tankers marka1].
Berends & Romme [4] analyze the impact of two eletmién cycles: (i) several building technologiestsas
Computer-aided design CAD, that diminish the dédatween the investment decision and the moment the
new capacity actually comes available for productimd (ii) utilization of information systems inder to
diminish the desired inventory coverage. Both eletsidhave a negative effect on cycle amplitude. New
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capacity depends on demand projection and a cgdilition factor, which in turn, depends on edpilim
price and expected price by producers.

Liehr et al[30] analyze aircraft orders. In airline marketrceaft orders depend on expected amount of
passengers, desired seat load factor (SLF) andusulyvel. It also considers order processing, sieciand
manufacturing delays. Results from this study arélar to [4].

On the other hand, Ford [27] analyses price andtcaction cycles in electric market, in which intreents
are based on forecasted profits. The author prthatscapacity payments make cycles disappear beaHus
investors’ motivation. Even more interesting isufigg out that power generators do not vary capacit
utilization in order to increase prices.

A similar behavior is found in the oil tanker markgl], where high fleet utilization triggers matlgessure,
which increases time charter (TC) freight ratesrats, in turn, have an impact on desired fledization.
Unlike other models, Randers & Goluke [31] introdsi@ delay in this effect, which implies that stigners

do not react immediately to TC rates changes, bet a time. Ship orders depend on TC rates and are
adjusted from obsolescence rate and demand trend.

The main conclusion of these and other modelsasalihough exogenous factors amplify cycles, cyele
caused by endogenous factors, which remain on dke bf industry structure. Although exogenous facto
(heat rates; operational, construction and emissasts; rates; deregulation; and economic growtgyer
cyclical behavior, [6] establishes that capacityvgh and prices are governed by feedback loops.

Other models do not focus on price or capacityesjcuch as [32] that makes one of the first aphemto
explain shipping industry dynamics, and [6] thaigoses a model for assessing the impact of detéguia
power capacity growth.

The LNG industry has numerous similarities with #ferementioned industries, particularly with thdpp
and paper industry. Since quality is rather homeges across a broad range of different supplierse s
the main decision criterion for buyers. Producingppand paper or LNG in a competitive manner rezplir
significant scale economies and thus large amoofitsvested capital, and in both industries thexelang
delays between the moment investment decisionmade and the moment that new capacity is avaifable
actual production[4].

On the other hand, investment in LNG industry fedént from the pulp and paper industry becausetrmb
capacity is contracted, with prices indexed to Aiko, since the spot market is small, firms hattéelroom

to vary their capacity utilization in order to iease price. This is considered in the model presgeint
Section6. As Figureshows,there is no clear evidence of cycles in the LNQustdy and capacity additions
follow no apparent pattern; moreover, the revievigelature does not explain what factors encourage
investment or disinvestment in liquefaction capacit
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Figure 1. Liquefaction capacity between 1964 and 2010, ardlyentrance of new capacity. Elaborated by
authors with data from [33].

As discussed before, individual investors consitlemand growth, under construction and under operati
capacity, marginal costs and profitability when makdecisions. When looking at the industry as alh
however, it is necessary to explain how these kbatainteract, causing the dynamic behavior of ciypn
LNG industry. In the next Section (5) we preser@8a model in which the capacity investments depemd o
short-run and long-run expectations.

5. A SYSTEM DYNAMICS MODEL OF EXPANSION OF LIQUEFACTIO N CAPACITY

The dynamic hypothesis states that the construcaifoliquefaction plants depends on short and lang-r
expectations of profits. Hence, from a forecaste¢dre demand (long-run expectations), investorerdehe
the expansion needs and then adjust them basdteautrent state of the industry (short-run exgexnia).
Expectations are influenced by the current profiitgbof liquefaction and by the amount of projeatader
construction. Profits depend on revenues and tatsis which, in turn, depend on average produat@sts
and other costs (levelized capex, exploration,aexiwn, liquefaction, shipping and regasificatiasts).

As shown inFigure 2, a technically feasible project passes from tlaming stage to the construction stage
depending on the short term expectations. Profitberage new players to enter the market or engeura
existing players to increase their investments isgekigher future profits, but ignoring the factathother
players could make the same decision. This is Raaiders & Goluke [31] define as “market sentimérif’
the industry is underperforming, new players wquiefer not to enter and current players would preé to
expand.

Also, capacity increases after new projects etitéhe demand growth anticipated when these prsjeere
planned does not materialize, post-entry compaetiticreases as a result of overcapaciy. Playersigate to

'According to [31] market sentiment can be describedhe average mood of the shipping communitydétgree of
optimism and willingness to invest. This mood i®sgly influenced by recent earnings and generpéetations for the
next year or so.



overcapacity, and postpone or downsize their imrests, which eventually slows down capacity grovith.
the model, investors foresee the possible saturatiohe market in the future and the increaseoafetition

as a consequence. Thus, projects under construariioiaken into account as they are supposed tbfotese

demand. However, these projects are consideredasngn indicator of the difficulties to find a buye the

future, and not when assessing the capacity gapthier words, investors behave as what [28] dessrids
“followers” since they just consider capacity undgeration when they have to evaluate the futuesla®f

the market.

Likewise, if there are too many projects operatihgre is less need for new capacity and the inguatuld
decrease investment because there is not enougindetm supply. A similar behavior is expected when
market shows poor future returns or high costs.

We suppose that firms are competitive and produgeaantity such that their marginal costs equal mark
price. When prices rise, more plants are able tmdyre profitably. Marginal costs are a function of
production levels and increase asymptotically whesduction approaches available liquefaction préidac
capacity (near to 90% of nominal capacity [34])dapicted in equation (10).

As discussed before, profits depend on revenuestatadl costs, and firms would like to increase thei
capacity as long as they are able to supply ainttudet price. This reinforcement loop is balancgdhe fact
that increasing supply also increases costs whadsteains the ability of the industry to increaseduiction.
If average variable costs increase, fewer plantsbei able to produce at the market price. Markwtepis
based on netback prices, which we take as exogeRotecast of future demand is also taken as exngen
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Figure 2.Dynamic hypothesis.

6. DATA AND ASSUMPTIONS

LNG production is distributed around the world ahd share of transportation costs on LNG supply isos
high. Producing companies seeking to minimize fartation costs usually have operations in differen
continents. One can therefore assume that LNG peydulook at their investments globally, ratherntha
concentrating in a particular market (Atlantic @cHic).



The model has two stock variables: capacity undsrsttuction and capacity under operation. Under
construction projectsUC) are increased by construction initiation of pobge(;) and are decreased by
projects that enter to operatioB)( Both initiating and entering projects are disereariables, representing
an average train size of 5 mmtpy traihndE; are rounded to the nearest 5 multiple. Each proies fixed
planning and construction times.

d
—ucC=1 - 1)
dt t E[

In the same way, under operation projett®) are increased by the entry of projedE énd are decreased
by obsolescence of current capact®).(

d
—UoO= - )
at E-Q

The gap between future demand and under operatipacity determines the initiation of projects. they
words, initiation depends on the capacity needeshéet future demand. Capacity under constructiamts
considered by investors because we suppose thayéealbelievers(see Section 3).

Future demand is an exogenous variable, and dtkisnt from BP’s forecast [35] that suggests a figemivth
rate of 4,3% from 2010 to 2030. Future demand spords to 6 years forward, as this is the timeydela
assumed for planning (2 years) and constructioreéds). Therefore, capacity needed is assessefl@ss:

KN, = D, -UQ 3)

As explained before, demand uncertainty and inféionaasymmetry lead to delays in decision procesk a
thus, induce errors in the forecasting of capawitgded. In addition, investment changes to refleahges in
“market sentiment”. “Market sentiment” is explainad the willingness of players to increase or deswe
their investments based on industry profits. Decigheory assumes that people have proper knowladde
thus, rational and predictable expectations. Pdggiwal theory, however, suggests that people aftdribit

a herd behavior. For example, when the economydwigg, people are induced to take higher risks and
when the economy slows down, players behave insaimpéstic way, which reinforces risk-averse behavio
and lowers investment [36].

The adjustment of the ‘Market sentiment’ factonégatively affected by projects under constructidnder-
construction projects are usually contracted befmrestruction begins, which means that a part airéu
demand is already met and that the plants planoddytwould face strong competition to market their
production. If these plants ever enter the matkety would face low industry profits and capacityization.
‘Market sentiment’ is modeled using a factor thainprises the short-term dynamics of the market.ecuir
profits and capacity under construction.

The current profitability of the market is repremghby a profitability factof FR’t), which is related with the

profits ( RR’t) of yeart and a reference profitabili(yR)) as indicated in the following equation



. i @
* Max(R, R,)

where F\’Rt is the net marginy is the taxes level (average 35% [37]) that firmay pver their operational

utilities, andRy ; is the operating margin.

Rp.= Ry (1-a). Si Ry.20
Re .= Ry lin other case

(5)

Ryt is the average operating margin of market, defaetbllows:

[, -TC
=t > . >0
Ry I, it ()

Ry,=M , WwhereM [ ELOO,ithO
Revenues are given by

R=PxS$S (N

P, and§ are price and supply of LNG, respectively. Firmsduce until unit costsG) equal price B, and
there are no surpluses in the market. Total cdsty &re defined as

TG =[Gdst] Gag  ®

Cx is a fixed value that represents the levelizedtahpost per unit. Capital costK) are the equivalent costs
of building a 1 mmtpy capacity plant. Unit capitadsts Cx) are charged fon years to each LNG unit
produced at the liquefaction plant, such that ttigal investment is recovered with a discount iiateis the
life time of plant andC is calculated using present value with annuities.

.\-n

k=c 2t (1i+') ©

Operational costs (p) include exploration, extraction, production, l&faction, transportation and
regasification costs. Only liquefaction costs aileeh as variable and other mentioned costs aredesad as
fixed and are taken as the average costs presenti]. To represent short-run capacity constraiets
asymptotic function for LNG marginal liquefactionsts C,) is proposed:

C, = a (10)

(9xuq - §)”
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Whereg is the average capacity availability (90%). Theatsant for the marginal producer afg; total
supplySis such tha€; equals priceP;,. Then,

C(s)=P -

To model the likely increase of competition aftedar construction projects are completég; is limited by
contractors’ availability, represented by a maximonomber of projects under constructidfy., and the
current number of projects under construction.

FC,t -1+ UC, - KMax,t (12)
Vax{UG, Ko

Kmax increases in time, as a result of technologicagiess and economic growth:

KMax,t =b0+bl(t_t0) (13)

by is the maximum capacity under construction at satioh startbsis the growth rate of EPC capacityis
the current simulation time anglis start time of simulation.

The profit factor described in (4) has a positiffea on investments, while the construction fagti®) has a
negative effect. The total effect of expected psofind capacity addition is denotég and calculated as the
weighted sum of both factors:

FE,t =g, % FR,t —aXx FC,t (14)

Wherea, anda; are the weights for each factor. The adjustedsimient factolF,, represents the non-linear
relationship between investors’ mood and their etqi®ons. An S-shaped curve is used to make the
adjustment of projects assuming that investorsnateperfectly rational. Instead, they are driventbgir
expectations on the short-term dynamics. For imgawhen profits are higher than reference profienple

are encouraged to invest more than they shouldf pufits are lower than reference profits, pepgiminish

their investments in an excessive way. A logigticdtion is used to represent the short-term adjuar?‘,tnjFA’t

), i.e. response provided to those expectationghwdguation is as follows:
u
F F e (15)
At ( E't) 1+ he_mFE,t

Whereu is a carrying capacity is a real number anoh is the function growth rate. The parametels
linked to the sensitivity of investors to industityanges. The higher the valuemfthe stronger the effect of
expectations on investment adjustment is. Afteustilig for expectations, the investment in capdasity

It = KNt * FA,t (16)
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We use a forecast to model LNG price, which is Basenetback prices. To account for the increasifert
of gas prices on LNG price, the forecast is a weiglaverage of expected LNG prices in Japan ant 8%

We use oil prices for forecasting Japan’s gas pravad a EIA forecast for Henry Hub [38]. The LNGcpr
was calculated as follows:

P=P

Japan

*L=r)+Pgrr (17)

Wherer is the share of each price, irerepresents the link between oil and LNG pricesth& start of
simulationr =10%, and by 2030 it is 30%, then

r=0.1+ 0.2 b (18)

.

Wheret, andt; are star time and stop time of simulation, redpelgt Before simulating our problem, it was
necessary to calibrate model and estimate somenetees, as is described next.

7. VALIDATION

To ensure the conceptual validity of the model, pegform several of the tests proposed [Bf]. The
model’s equations correctly represent the strudtueigure 2, include all of the feedback cycled=igure 2
and are dimensionally consistent. In addition, aggtions about the behavior of the industry are stegd by
the literature reviewed in sections 2 and 3.

Some parameters are not observable and need talibeated. In this case, the parameters of thestmgi
function:u, mandh; the parametea of the liquefaction production function, and paedens for assessing the
maximum possible constructiobg(andb,) are calibrated by comparing capacity expecte@@®5 according
to [40]. Weights of both profitability and consttion factors § and a;, respectively) are assumed to be
equal. Section 10 shows the estimation of LNG pgrigsing historical data. The whole simulation ia
Powersim Studio 8 from 2012 to 2030 with a timesiEPO0 da, using data presentedable 2

Table 2. Model parameters
Calibrated parameters

A 0,7
U 6,0
M 5,0
H 5,0
bo 100,0
by 2,0

Assumed data
Initial capacity under

77 mmtpy[41], [42]

construction

Initial it d

nihal capacily Undet - 576 8 mmtpy[41], [42]
operation

Time to adjust 1y
Construction time 4y

12



Planning time 2y

Life time 40 yr
Train size 5 mmtpy
Reference

0
profitability 8%[43]

. $400.000.000/mmtpy
Capital costs [44]
Unit capital cost $1,19/MMBTU
Exploration-

Production cost $0.75/MMBTU [3]
Shipping cost $0,7/MMBTU [3]
Regasification- $0,4/MMBTU [3]
Storage cost

Discount rate 14,43%[43]
Growth rate (for 0
future demand) 4,3% [35]
Taxes 35% [37]
Weight of

profitability ~ factor 0,5
(20)

Weight of

construction  facto 0,5
(a1)

8. RESULTS AND SENSITIVITY ANALYSIS

In the following sections, we investigate the efffet changing oil and gas prices, and of risk adi#s on
investment in liquefaction. First, we run the mofiel a base scenario that represents a world wgh bas
and oil prices. We use this base scenario to tésthver risk attitudes contribute to create capawytles.
Then, we run the model for the low and high oilcprscenarios of EIA [45]. Considering that oil pris
highly volatile, we model oil price as a randomighte and test the effect of oil price volatility NG
investment.

8.1.Base scenario

Using calibrated parameters, we simulate futuredigction capacity from 2011 to 2030. By 2011, citga
under construction was 77 mmtpy and capacity ungeration, 278,8 mmtpy [41], [42]. As shownRigure
3(a), simulated liquefaction capacity increasesdigpbetween 2011 (279 mmtpy) and 2030 (574 mmitpy),
but there is always a gap of demand that needg ttoleered by new capacity assumed to enter in Gyea
This could be explained if suppliers seeking to infature demand observed the demand-and supply gap
before investing. In this scenario, supply increaae a result of capacity growth. Given that dites in the
reference scenario are high (above USD8,4/MMbtuh wh increasing trend during the whole simulation,
LNG producers use all of their available capacd§%).

Capacity growth is non-linear, as illustrated Bigure 3b): capacity neededK{;,). The small peaks in
capacity needed are caused by the discrete ndtaegpacity expansion (min. 5 mmtpy) and by theizasibn
that projects initiated in previous years are eitheger than the supply/demand gap or not enoadfil tit.
For instance, during the first 7 years of simulatig0 mmtpy of capacity start operation. In thosarg, the
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gap increases rapidly to reach a peak by 2018.réjeqis under construction accumulate and the pnééke
market increase, the capacity that starts operati®919 is 25 mmtpy. Then, for that year, the ghghtly
flattens (54 mmton). A similar situation is obsetve 2023 and 2028.

MMtons

Moy

600+ (l

S0y W Under operation

~ Fut demand

—Supply 0 = K Afusment

wot = Ohslestence

3001

i i I
01 de ene de 2012 01 de ene de 2022 Odeenede 201 Oldeenece 07 (fdeenededll)  0fdeenece 007

(a) Capacity (red) grows over time due to growth  (b) Capacity needed (red), projects that enter to

in future expected demand (green). Supply planning stage (blue), projects that start operatio
(black) grows as a result of capacity increase (green) and obsolescence (black)
MMtons
1T 1,31

1,21
1,11
1,0

0,91

SR adjustment

Underconstruction

0,81

0,7 T | 1 ]

} } } 01 de ene de 2012 01 de ene de 2022

01 de ene de 2012 01 de ene de 2017 01 de ene de 2022 01 de ene de 2027

(c) Capacity under construction (d) Short-term adjustment of capacity needed. When SR
Adjustment is 1, initiated projects are the same as
capacity needed to meet future demand.

Figure 3. Simulation results

Simulated price varies between USD 8,40/MMBTU arg@DUL2,03/MMBTU. As discussed before, reference
price is an average of Henry Hub price and JapaNG price. Although gas price in the USA is expecte
decrease, oil price is expected to continue inangagsnd as a result, we expect the reference LNE o
increase.

High prices translate into high profits, and prfility is always higher than reference profitakil(8%).
Short-term adjustment (‘market sentiment’) folloprices behavior but it is also influenced by prtgamder
construction (see Figure 3(c)). Projects under ttoason discourage investment because it is sughds
increase competition within the market in the niedwre, which would lower profits. Although one tife
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main assumptions of model is that investors betas/believers[28], investors also perceive (potential)
market saturation.

“Market sentiment” (Figure 3(d)) is adjusted thrbogt the simulation. The largest adjustments odégcur
2014, just a year after the stock of projects uroderstruction is at its lowest level (73 mmtpy). Figure
3(b) shows, the short run adjustment is larger thantil 2019, which means that the industry ingéstmore
capacity than it is needed to meet future demarfitr 019, the stock of projects initiated is ircsia level
that willingness to invest decreases (adjustmenetathan 1). Indeed, the decreasing trend of sieom-
adjustment after 2019 is tightly related to the@asing trend of projects

The shape of capacity under construction (Figucg) 3¢ consistent with the short run adjustmenteéd in
(Figure 3(d))Although capacity under construction remains alneositstant around 110 mmtpy from 2022 to
2025, adjustment keeps decreasing because of thetamic increasing trend of projects under consiwac
Those keep growing since 2019 because prices amtiues grow offset the marginal cost increase. i8efo
2019, projects under construction decrease unfid2fecause needs were covered by the initial stbck
projects under construction, i.e. projects thatetato be built before 2011 and are part of thel@fis initial
conditions. Between 2014 and 2015 under constnugbimjects remain stable because potential investor
perceive that the capacity needed is not enougim¢ourage their investments. In this case, it do¢snatter
how many projects are entering simultaneously beedlie industry is expecting strong future demamt a
high prices.

8.2. Adjustment mechanisms and overinvestment

As mentioned before, this paper aims to gain undeding about how investors decide the timing and
magnitude of their capacity expansions. In the rhade propose, investments are adjusted according to
expectations. Investors form their expectationsigighe information from the market, specificallyrmnt
profits and likely saturation of the market in theure. Investors weigh both factors and decidetireto
increase or not their investments. The relativegieiassigned to current profits and saturationesgmts
investors’ attitudes towards risk and their pericgrs of the market. Some investors are be optimibiout
prices while others make conservative price assessnm

When investors are assumed to be totally myopiarcégg the units that are being built and to tergirely
in market prices, investments are driven by prafityy. This would be the case of investors beingesmely
optimistic concerning the state of the market. tjehey believe that the entire capacity (eveahiff large)
would find enough buyers to secure its economisibeéidy.

Simulation shows that when adjustment depends erptbfit factor only, capacity cycles are possilfls.
Figure 4(a) shows, if investors assign a weight td profits, capacity under operation grows witbyalical
trend. As in the previous scenario, capacity thas wtarted to be built before 2011 enters betwééd and
2016 (see Figure 3(a)). Installed capacity, howeigeldarger than the demand expected within sixrsea
because investors do not take into account futuwét@xpectations. Firms also continue investiregduse
prices are high. By 2014 there is no perceived mdazhpacity, but previous investments are comgleted
new capacity keeps entering to the market. Howewdnile this happens, the stock of projects under
construction decreases (see Figure 4(b)), whictislea fewer capacity units entering to operatiorthie
forthcoming years, resulting in new increases efdhpply/demand gap.

The lack of immediate responses from investorsthadong delays of the industry, lead to accumalatr
withdrawal of projects under construction for lapariods. Although by 2023 the difference betwegnre
expected demand and current capacity becomesttitjtate in the other years, it is still positive.this case,
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capacity does not overpass the future demand, vidiekplained by the behavior of the entry of pctggsee
Figure 4(c)). The amplitude of cycles in this vAteaseems to decrease as simulation advancesisTiigre
evident in the capacity under construction in Fegdr(b), which shows an increasing trend with cyclehis
happens because investors continue adjustingitiveistment even when prices are high.

As it was explained in Section 3, cycles have b&tedied in electricity systems [27], [28], [29].64 and
other industries such as oil tankers [31]. Accogdin Green [47], in the electricity industry, inBcient
coordination causes investors to overreact to pigte signals, ignoring the actions of other playérhis
increases the margin between capacity and demaddaoavers prices. Prices begin to rise again when
capacity is retired or demand increases, which teviiee capacity/demand margin. On the other hdrl, t
mechanism proposed by [31] to explain the periddsnder capacity and overcapacity of oil fleet tarskis
the ‘market sentiment’, which is related to exp#otes of short run profits.

The model we present includes similar mechanismgestors assess future capacity needs and adgist th
investment according to their short run expectation profits (price signals). However, the low nembf
LNG producers and the magnitude of investments ncakedination easier than in electricity industriasd
we model this by adding a long-run adjustment basedhe number of projects under construction.him t
model we present, investors are able to foresegefltompetition and to adjust their decision acicwlg.
Cycles observed ifrigure 4a-d) result from using only a short-run mechanfemadjusting investment. As
the actual behavior of the industry is closer t@atik observed in Figure 3, one can conclude thegstors on
liquefaction of natural adjust their behavior adting to their perception of future market satunatio

MMtons MMtons
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50 t t t
01 de ene de 2012 01 de ene de 2022 01deenede2012  01deenede2017 01 de ene de 2022 01 de ene de 2027

(a) Capacity under operation (red) surpasses forecast (b) Fluctuations of capacity under construction
of future demand (green)
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(c) Investment adjustment induce cyclicality to pragjettat enter to planning stage (blue), which imntimduces
cycles to Capacity needed (red). Cycles induce saomd busts in, projects that start operation (gree
Figure 4.Simulation results assuming investor only take atoount the current profits of the industry when
adjusting their investments.

As it is important to ensure the robustness ofrtioelel and to make it trustable, several validatests were
applied to the model. Tests correspond to thoseepted by Sterman [39] and seek to validate model's
structure and behavior separately. The behavidh@fmodel when its boundaries and structure westede
was consistent, and results were correct when regtreonditions were applied to the model. In additibe
model does not present significant changes whes $tiep and integration method are varied.

Nonetheless, we will perform a further sensitiiggts to assess the robustness of the model. Weesitl
calibrated parameters,(h, m, a, b@&ndbl) and other assumptions such as weights of thecéaqpen factor,
costs, life time of capacity (for obsolescencejemence profitability and growth rate (for futurerdand),
using the Risk Assessment Tool from Powersim St8dio

8.3. Extreme price scenarios
The price for the base scenario is a weighted geeod USA (Henry Hub) and Japan price, which isehetl
to oil prices. Considering that oil price is volatiand depends on several exogenous variables asich

geopolitical issues and economic growth, we catewlapan LNG prices for high and low oil-price sarérs
given by[38] asFigure 5shows.
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Figure 5. Japan LNG prices forecast under three scenario®fioprices.

Figure 6 shows that capacity built in the high oil-priceesario is similar to the capacity built in the mefiece
scenario. Although there is little difference betweboth scenarios, capacity grows more rapidhhenttigh
price scenario than in the low price scenario. Whapacity in the reference and high scenariosasags 570
mmtpy in 2030, in the low scenario it is about 38B1itpy by then. The model seems to be more sensdive
low prices than high prices.

In the reference scenario high oil prices keep Lpi@es high, LNG costs are recovered and total LNG
supply grows.LNG supplies decrease under a lowrite scenario and because of low LNG prices inglust
profits and incentives for entering decrease toieB for both the reference (base) and high-g@narios,
lead to similar supplies. The S-shaped curve snsabth adjustment of new projects when profitabibtyery
high. Even when a market is growing rapidly, invesits are not proportional to market profitabibgcause
firms know that excess of investment can creatalible that would eventually burst. Also, if thesenio gap

to meet, firms do not invest in new capacity asfttlew future demand expectations.
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Figure 6. Simulation results: Capacity under operation untteee oil prices scenarios.
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9. CONCLUDING REMARKS

Capacity additions in the LNG industry are larged dess frequent than in other industries. Thelrésia
complex decision making process in which it is seaey to understand the dynamic of capacity expansi
especially in the liquefaction segment. The model propose is a first approach to explain how the
investments are made and what factors encouradis@yurage them.

The results validate our hypothesis that invesagesess capacity needs depending on future expeéeteaind
and the current projects under operation. Then, ttherket sentiment” amplifies or reduces the amanint
projects needed before they begin to be built. Rdasentiment’ is increased by profitability andlecreased
by projects under construction as investors wound $tronger competition for allocate its suppbading to
lower profits because of low prices or low capaaitjization.

Results suggest that capacity cycles appear (evem \there are no price cycles) when investor biasie t
decision on market profitability only. Cycles resinbm the myopic view of investors, who try to néeure
demand without taking into account delays and acdation of projects under construction that arisem
them. As long as the gap between the future expgetgenand and current capacity decreases, firmeaser
their investment but projects keep entering torttagket as they correspond to previous commitmd8rits
result, however, contradicts the evidence of LN@ustry in which historical data show no presence of
cycles, suggesting that LNG investors are modehatkeed, actual behavior is more consistent witlegtors
balancing their price expectations with their extpons regarding the possible saturation of theketan the
near future.

Although results are consistent with our dynamipdtiesis, it is necessary to make further assessesns
and to calibrate functions regarding the investbehavior. Further work should include expansioh NG
shipping and the presence of substitutes. Alsig itecessary to study if this model could fit otleapital
intensive industries such as petrochemical, putpaper, agriculture chemicals and steel.

10. APPENDIX

As it was explained, we assessed LNG price usiognabination of USA and Japan LNG import prices. As
there was not forecast for both prices, we usedyHenb and oil price forecast for estimating thetence,
following regressions were done: Henry Hub vs. €4€US LNG imports and Oil price vs. Japan LNG cif

Data from Japan LNG import price belongs to 1984t rm and was taken from B#8]. Other data was
taken from[38]. In the case of US data, regression was madedaiih from 1989 to 2010. All data is annual

and was transformed to 2010 USD using CPI from W84 Japari49], as it corresponds. We supposed a
linear regression as follows.

Py =B+a* P (19)

substitute

WherePgpsitutelS the oil price for Japan regression and the jétub price for USA regression awgl g are
estimation parameters. Results and validation essented imable 3
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Table 3. Regressions’ parameters for USA and Japan pricésN@ imports.

Param.| Estimate] Pr* R
Japan | B 0,63477 | 0,087 0,8879
o 0,10737 2,20e-13
USA § 1.03853 0.00264 0,9137
o 0.86141 4.19e-12

*Pr is P-value of a null hypothesis. In this casell hypothesis refers whethparameter= @nd Pr’s lower
than 0,05 meansarametefOwith a 95% confidence.
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