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EXECUTIVE SUMMARY

LPG Markets in Mexico is an independent study of a critical component of Mexico’s energy sector. It follows work
performed at the University of Houston since 1991 on natural gas supply, consumption, cross-border trade and issues
associated with natural gas market developments in Mexico and a major study on North American natural gas and
electricity integration and policy coordination. LPG is an important fuel for domestic and small commercial usein Mexico.
Indeed, it accounts for 40 percent of residential energy use while residential customers make up 90 percent of LPG
consumption. Mexico imports around 31,000 barrels per day (b/d) of LPG, all of which is used in the northern states.
Thus, the LPG market is of some interest to those engaged in commercial LPG sales to Mexico, or who provide goods and
services associated with gas processing in Mexico given the importance of the domestic market. However, of greater
interest is the development of natural gas markets in Mexico and the role that LPG may play in fuel competition. In order
for natural gas demand to increase, it must compete successfully with and have a comparative advantage over LPG,
especially with respect to residential consumption and the policy decisions associated with building residential natural gas
distribution infrastructure. Thus, it is critical to have some reasonable understanding of L PG supply and demand patterns if
we are to have any comprehension of the direction and pace of change in Mexico’s natural gas sector and how Mexico fits
into the bigger picture of North American natural gas balances.

Our approach to the task at hand is to first provide an overview of the LPG sector and its place in Mexico's overall energy
picture. In doing so, we raise several issues about how LPG is priced. In short, LPG prices have historically been
established by negotiation and not by market forces. As a consequence, price has not been an effective rationing
mechanism for LPG consumption. A shift toward reliance on market-base pricing, which is underway, should begin to
rationalize markets assuming that nontechnical losses are minimized. However, given the consumer behavior that has been
in place for so long, it will be difficult to predict the shape of the LPG sector in the future or, for that matter, demand for
natural gasrelativeto LPG.

We then tackle a series of questions. Thefirst is, at what price and cost structure will natural gas be competitive with LPG
at the household burnertip in Mexico? The level of information detail required for this analysis is difficult to obtain, so we
rely on published data and industry standards with respect to natural gas distribution costs in the U.S. In spite of these
constraints, we must question the prospect of increased natural gas use for residential cooking and heating in Mexico given
household income levels, the current low household cost for LPG (by our estimate, an average monthly bill of $6.50) and
comparatively high unit costs of installing new natural gas distribution systems. We must conclude that residential demand
for natural gasin Mexico will grow very slowly unless there is an unanticipated change in Mexico’s economic performance
and per capitaincome.

Apart from fuel competition, another issue related to the development of natural gas markets in Mexico is adequacy of
domestic supply. Given the potential, at least, for displacement of LPG with natural gas and the extensive use of natura
gas in Mexico's petrochemicals processes industries, the second question we ask is, are there opportunities to displace
natural gas with LPG or other inputs for petrochemicals production in order to increase natural gas supply? We address
this issue by building a “scenario” of petrochemical processes using 1993 data. We conclude that some natural gas could
be freed up with energy conservation improvements, but that the nature of Mexico’s petrochemicals industries is such that
natural gas will remain an attractive fuel and feedstock, and that Mexico would have more to gain by exporting LPG that is
displaced by natural gas in other end uses rather than use that LPG for petrochemicals feedstock.

Air quality isalarge issue in Mexico's urban areas, and some attention has become focused on the role that LPG may play
in air contamination. Thus, our third question is, does LPG consumption contribute to diminished air quality in Mexico?
Our cursory analysis suggests that there is merit to recent research that suggests LPG is a significant factor in urban air
contamination in Mexico. The principal issue appears to be inadequate infrastructure — poorly sealed rooftop tanks, for
instance. The substitution of natural gas for LPG would solve these problems but, again, the price and cost structure of
natural gas delivered to households is a consideration.

Finally, we ask the question, how does Mexico's LPG sector compare with other important markets? The issue of natura
gas and LPG fuel competition is an important one also in Brazil, India and China, three countries that offer tantalizing
prospects for rapid growth in energy consumption including a critical role for natural gas. We find many similarities with
respect to the key issue of fuel competition and price structures between Mexico and Brazil. India and China are
significantly different in that LPG is principally an imported fuel, and so, at least in China, conversion to natural gas might
generate cost savings. Y et, these countries lag Mexico and Brazil in the development of natural gas policies and markets.



Because L PG infrastructure can be more quickly deployed, and because LPG will be an improvement over wood and coal,
that fuel market will remain of considerable interest for foreign private investment in India and China.

The goa of this white paper isto make a contribution toward strategic and policy interests with respect to more competitive
energy markets. On the strategic side, there is good reason for companies to continue to focus on LPG, both as a constraint
to development of natural gas opportunities and as a viable commercial market. On the policy side, the long role of
government in managing LPG markets in Mexico and our comparative countries of Brazil, India and China points to the
difficulty and complexity associated with restructuring these energy sectors.

We wish to acknowledge the funding support for this study provided by the University of Houston and ITESM, and the
Corporate Members of the CBA Energy Ingtitute. We aso wish to thank al of those individuals and organizations who
supplied information for this report, and who reviewed and critiqued our findings. In addition to the authors, a great deal of
background research for this study was conducted by Ms. Maria Teresa Gorena-Garcia, a student research associate at
CEE/ITESM. Our hopeis that we have made a significant contribution toward understanding an important set of questions
for North America's energy future.

Michelle Michot Foss, Ph.D.
Director, CBA Energy Institute



TABLE OF CONTENTS

EXECUTIVE SUMMARY ..ottt sttt sttt b e st b e bt e be bt s heahe et e sb e s heeaeesbesbesbeensesbesbesaeenesrens 2
ABOUT THE AUTHORS ...ttt ettt bttt bbbt b e e ae e st e s b e sb e e aeesbesbesbeembesbesbesbeenneneees 4
TABLE OF CONTENTS. ...ttt sttt ettt sttt ettt be et b e s he et sbesb e h e e b e eb e eb e e st e s b e ab e e he e e e ebeebeeaeenbesbesbeenneneees 6
LIST OF TABLES.......e oottt sttt t e b e bt skt b e bt s bt ekt e b e e Rt s h e e he e b e sb e s bt e ae e e besbesheenbesbesbesaeenneseens 7
LIST OF FIGURES.......c.ot ittt sttt sttt sttt b e b ekt b e bt bt e he e b e e bt s b e e he e beeh e s bt e ae e e besbesbeensesbesbesaeenneneens 8
LPG MARKETS IN MEXICO ...ttt sttt b e bbbt s be e e e be s b e sbe e s e sbesbesaeena e 9
INTRODUCTION ...ttt sttt e bt b et be s be e e saesb e s he e b e s b e ebeeae e beebeshe e s e ebeebeeaeebesbesbeennenrees 9
OVERVIEW OF LPG IN MEXICO... .ot iieiiitiiie ettt sttt a bbb b st sie et b saesneesne e 10
LPG SUPPLY CHARACTERISTICS AND DEVELOPMENT .....ccoviiiiiiieie et 10
REGIONAL LPG PRODUGCTION .....ciittiuieiisttste ettt sttt st see st sbesaeesesbesbesseesesbesbesasensasaesaesssenseseas 11
THE ROLE AND GEOGRAPHIC DISTRIBUTION OF LPG SALES. ..ot 11
LPG REGIONAL DISTRIBUTION ...ttt sttt sttt e et st sesbe b sae et st sbesaeensesbesaesseeneesnas 12
TRANSPORTATION, STORAGE AND LPG DISTRIBUTION. ....cccuiiiiiiieie et 13
REGULATORY RULES. ... .ottt bttt bbb b e bt ae et e b sbeeae b nnas 14
LPG IMPORTS TO COMPLEMENT DEMAND.......coot ittt sttt s 14
DEIMAND ...ttt ettt bttt b e bt h et e e b e e b e e ae e b e eb e SR £ e Re e AR e AR e SR £ e R R e ARt AR e eRE e R e e Rt eheeRe e b e nRenaeennenrenras 15
LOCAL DEMAND. ... .ottt ettt sttt sttt st b et b e bt e e e b e eb e s he e s e sbesb e ehe e b e e besbeeme et e sbesbeennenbenras 15
PRICES. ...ttt bttt bt bt h et e b e e b e e ae e b e eh e SR £ e Re e e b e e b e SR e e a b e eEeeb e e he e b e e b e eb e eae et e nbenbe e e e b nras 17
QUESTION 1: WHAT ISTHE NATURAL GAS/LPG TRADE OFF?.......oiiiiiiiiiieeiee e 19
QUESTION 2: CAN LPG SUBSTITUTE FOR NATURAL GAS
AS A PETROCHEMICAL FUEL AND FEEDSTOCK?......ccoiiiiittiieeie ettt sre e sne s 21
WHY THIS STRATEGY COULD BE CONSIDERED...........cccoiieiiitiiiiniieiesie et see 21
ANALY SIS OF ENERGY UTILIZATION:
THE MEXICAN PETROCHEMICAL INDUSTRY ....ooiiitiiieiiinie ettt st bbb e e 21
Fg1u 0o [0 ('] o (U RSP ROTR 21
Sector 1 -- Natural Gas as Fuel to the Chemical INAUSETY...........ooiiiiiiiiieeeee e 25
Sector 2 -- Natural Gas and Ethane as Feedstock to the Chemicals INAUSELIES.........coooeeeiieiiieciien e 25
Sector 3 -- LPG Consuming APPIICALIONS. ........ueiiiiiiiiie ettt sae e s sae e sb e e 28
Sector 4 -- Other Applications (Ethane Reinjection and Pentanes Plus EXPOrtS).........cocoveeieciieniiienene 29
QUESTION 3: ARE AIR QUALITY CONCERNS FOR LPG VALID?.....oit ittt 29
QUESTION 4: HOW DOES MEXICO’S LPG MARKET COMPARE
TO OTHER COUNTRIES?..... .ottt sttt sttt bbb e s bt b e she e b e sbesbeshe et e sbesbeebe e b e sbesbesneeneneens 30
INTRODUGCTION ...ttt sttt sttt sttt bbb b et et e bt sbeese e s beeb e she e s s e ebeabeebeensesbesbesaeenbesbesbesneenbentans 31
= v | DTSR 31
101111 0= T PRSP 32
o [ U RSP OTR 33
CONCLUSION ...ttt sttt bttt b et b e b e s ae et e sbe s b £ 2 ae e e b e eb e e he e ab e e Eeebeehe et e ebesb e eaeebesbesbeennenreee 33
APPENDIX A:
STATESIN MEXICO THAT CONFORM TO GEOGRAPHIC ZONES FOR LPG .......ccccooiiieiiieiesieieie 34
APPENDIX B:
TERMINOLOGY USED IN PETROCHEMICAL ANALYSIS... .ottt 35

APPENDIX C:
ADDITIONAL FIGURES. .......cooiieii e ssre e ar e nnee s 37



LIST OF TABLES

Table 1. LPG Production and Mexican Economy Average Annual Growth Rates............cccooceeveiiieniineeninnn. 10
Table2. LPG Production SITESTN IMEXICO........ciuuiieiiiiiiiisiieiee sttt 11
Table 3. LPG and Natural Gas Internal Sales Sharein Total Internal Oil and Gas Sales...........cccoccvveeecieenenne 11
Table 4. Distribution Centersand their Sharein PEMEX’sInternal LPG SalesS.........ccovcvviiiieice s 13
Table 5. LPG PIipeliNeSiN IMEXICO. ....cccueiiiiiiieiie ettt ettt ettt ettt sa et e st e e sbe e sate e sabeesabeeebeeesnneas 13
Table 6. LPG Imports Share per IMPOIt POINT..........oooiiiiie ettt eee e seee s 14
Table 7. LPG Demand Share per SECLOr, 1995..... ..o ettt ettt sbe e saee e sabe e b e s ae e saee s 15
Table 8. Regional Sharesin LPG Consumption GroWEh. ............c.ooiiiiiiiiii e 17
Table 9. Effects of Income and Real LPG Price over LPG Apparent ConsumMpPtion..........cccoveeevieerieeeenieeesennnn 18
Table 10. U.S.-MeXiCO Price COMPAITSONS.......ccoiueeiieeiieiaitieesiteesteeasteeestee e saeeesabeesbeeasbee e saseesnbeesbeeanseeesaeeas 20
Table 11. Estimated Hydrocarbon Requirements for the Mexican Petrochemical Industry ...........ccococoeeeeeeee. 22
Table 12. Mexican Natural Gas BalanCe, 1993 ..ottt 24
Table 13. Major Sectors of ENergy UtHZatiON.........ccocueiiiiiiie et 25

Table 14. Comparison of LPG Composition and Ozone Potential from LPG:
MEXICO D.F. VS. LOS ANQEIES. ...ttt ettt ettt h ettt ettt ekt e s he e e sab e e st e e e be e e abee e snbe e sabeasnbeeenees 29



LIST OF FIGURES

Figure 1. MEXiCO' S ENEIQY SECLOT .......eiiiiiiieiie ittt ettt ettt e e sae e st e e st e e et e e e sbee e sabe e sabeeenbeeabeeesnneas 9
Figure 2. Residential Sector ENergy CONSUMIPLION.........eiiiueieiieerieeaiteeesteeesteeesebeesbeessbeeesseeessseesabessbeeasseessaneas 9
Figure 3. Total Energy ConSUMPLION DY SECLOK ........coiiiiiiiiieiiee ettt ettt e st e sbe e saee s 9
Figure 4. LPG Production and EConomic ACIVItY (GDP) .....cc.uiiiiiiiiie ittt 10
Figure 5. INternational LPG TIaOe........cooeiiiiieiieeiiee ettt ettt rb et raee e e st e et e e e sbe e e smte e sabeasbeeenees 14
Figure 6. Level and Growth in Apparent Consumption Of LPG ...t 15
Figure 7. Forecast of Apparent Consumption Of LPG........c.cooiiiiiiiiiiie e 15
Figure 8. State LPG Sales share of Total LPG Internal Sales, 1995........ccuiiiiiiiiiiiee e 16
Figure 9. Level of Economic Activity and Real LPG PriCe ........couiiiiiiiiiieie e 18
Figure 10. LPG Apparent Demand and Real PriCe.........cooiiiiiiiiii e 18
Figure 11. U.S. Natural Gas and Propane PrICES.........ocui ittt st 19
Figure 12. Mexican Natural Gas and LPG PriCES.........cuiiiiiiiieiiee ettt 20
Figure 13. Steam Cracker Comparisons for New Systems: Propane Cracking VS.........ccceeeeeereeenieerienssieeeens 27
Ethane Cracking (numbersin parentheses refer to explanatory NOLES) ........coceieiieerieiiiii e 27
Figure 14. Brazilian Residential Energy Demand ...........oooeioiiioiieiiiie ettt 31

Figure 15. China S ENEIQY SECLON ........eiiiiiieii ettt sttt rb et aee et e st e e et e e e sbe e e sabe e snbeaenbeeenees 32



