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Introduction 

Brazil’s potential for cogeneration is large but poorly understood.  There have been few systematic studies of potential.  The only nation-wide general analysis - prepared by the power sector’s traditional actors - is seriously flawed, especially in relation to the non-traditional host sectors and smaller scale plants.

This short report reviews cogeneration potential in general, but the emphasis is on non-traditional, smaller scale cogeneration.  This market strongly overlaps with the key segments of private sector consumers for ESCO services, which in terms of electricity tariffs can be roughly defined as: A4, A3(3a), and the commercial/industrial B3 tariff categories.
  Between them, they represent at least 40% of the electricity market in both physical and financial terms.

Table 1 :  Electricity Consumption by Voltage of Supply and Sector 

	Sector
	Total
	Low Voltage
	High Voltage
	
	
	
	
	

	
	
	Total
	Total
	A1
	A2
	A3
	A3a
	A4

	Residential
	
	100%
	0%
	0%
	0%
	0%
	0%
	0%

	Industrial
	
	4%
	96%
	23%
	34%
	7%
	2%
	30%

	Commercial/Services
	
	57%
	43%
	0%
	1%
	1%
	4%
	37%

	Rural
	
	63%
	37%
	0%
	0%
	2%
	3%
	31%

	Other (incl Public)
	
	51%
	49%
	1%
	10%
	2%
	2%
	34%

	Total  Consumption
	100%
	45%
	55%
	10%
	16%
	3%
	2%
	23%

	Total  Billings
	100%
	62%
	38%
	5%
	9%
	2%
	1%
	21%


Of course, electricity consumption is not a good indicator by itself of cogeneration potential.  This is more related to the fuel consumption in a sector.  Each sector has very different ratios of electricity to fuel use.  At the same time:

· Many ultimately “thermal loads”, which are the basis for cogeneration, are supplied today by electricity.  The most important examples are air conditioning and industrial refrigeration.  There are also heating loads resulting from the national “eletrotermia” program twenty years ago.

· In Brazil’s historical and existing circumstances, commercial cogeneration capacity is generally “inside the fence” due to low prices for sale of excess power to the grid (see below).  Thus, unfortunately, electricity consumption often becomes an upper “market” or  “financially viable” limit on a site’s cogeneration potential.

· The sample here is very broad, covering all kinds of industries and services.

The point here is merely to illustrate that this smaller scale non-traditional market is not a small “niche” in principle for financial agents.  

Estimating the potential for cogeneration is a tricky business, even at the level of “technical” potential.  Much depends on assumptions regarding the technology used.  A given thermal load can be the basis for widely different levels of cogenerated electricity, as illustrated in Table 2 for a process steam load of 8-10 atmospheres.  One could have hot water or hot air thermal loads, other pressures of process steam or cooling loads.  

Table 2: Electricity Generation Associated with the Production of 12 t/h of Steam *

	Technology
	Electricity Generated (MWelectric)

	Gás engine
	15-25

	Gás turbine
	~5,0

	Steam turbine – inlet pressure  850 psig
	~1,6

	                         - inlet pressure 400 psig
	~0,9


      *  Saturated steam at 115-150 psig (175-185( C) equivalent to ~9,5 MWthermal; operation in conditions of “thermal parity”.
The most economic technology at a particular site will not necessarily be that which generates most power.  Much depends on the fuel used (for some fuels, steam turbines are the only feasible technology today), the characteristics of the thermal load(s) and so on.  If the assumed price for sale of any electricity in excess of on-site needs is low (as it is in Brazil), this will have a dramatic effect on the dimensioning of plants in many cases.

The concept of “technical” potential is thus not without an economic component.  However, a true estimate of economic potential involves a more rigorous review of costs and benefits sector by sector.  To be useful, it will include sensitivity analyses and will generally result in a range of values.

Finally, there is “market” or “financially viable” potential, which is more restrictive.  It is highly sensitive to changes in the cost of capital, the age of the stock of relevant equipment and the regulatory and policy context.

For financial agents and potential investors, the “economic” potential is of interest for medium term strategies and the “market” potential for shorter term strategies.  Unfortunately, it is not possible today to give investors a decent estimate of “economic” cogeneration potential, much less “market” potential or a map towards the best prospects.  Hopefully this article can alert stakeholders and the government to the need to develop this sort of analysisrs for a largely virgin market.

Official Estimates of Cogeneration Potential 

The analysis of cogeneration potential in Brazil is recent, incomplete and has progressed only slowly.  The only purportedly overall analyses were those prepared by the Permanent Commission for Cogeneration Studies (CESC, 1998), whose results were summarized by the Coordinating Group for Electrical System Planning in the Plano Decenal de Expansão 1999-2008 (GCPS, 1999) and adjusted in the Plano Decenal de Expansão 2000-2009 (GCPS, 2000).
  We are not aware of any subsequent updates in these estimates.

Table 3 reproduceses the estimates published the Plano Decenal de Expansão 2000-2009 (GCPS, 2000).:

· Cogeneration capacity in 1999, broken down for some large relatively energy-intensive industrial sectors and for services.

· Estimates of potential at three levels: “thermodynamic”, “technical” and short-term “market” potential (4-years) – all expressed in terms of MW of electricity generation capacity.

The “thermodynamic” potential is only the result of applying crude coefficients of electricity generation to a sector’s fuel consumption.  The “conventional” value implies the use of steam turbines, while the “efficient” value implies gás turbines.  In various of the sectors considered, gas turbines are the conventional option. 
Table 3: Official Estimate of Cogeneration Potentials in Brazil

	Sector
	Present
	Thermodynamic Potential
	Technical Potential 
	Market Potential - 2004

	
	1999
	Conventional
	Efficient
	
	Selproduct
	IPP
	Total Growth

	Food and Beverages
	995
	6573
	28660
	4020
	1175
	25
	205

	Chemical 
	389
	3452
	12542
	1581
	1141
	440
	1192

	Oil Refining
	171
	----
	----
	4283
	428
	3855
	4112

	Iron and Steel
	341
	7101
	25801
	875
	695
	0
	354

	Pulp and Paper
	718
	2694
	8389
	1740
	1189
	0
	471

	Cement
	nd
	1385
	5030
	nd
	nd
	nd
	nd

	Textile
	nd
	258
	1123
	nd
	nd
	nd
	nd

	Industry Total 
	2614
	21463
	81545
	12499
	4628
	4320
	6334

	Services
	250
	nd
	nd
	nd
	1400
	0
	1150

	Total
	2864
	21463
	81545
	12499
	6028
	4320
	7484


Source:  GCPS, Plano Decenal: 2000-2009

The “technical potential” of 12.5 GW, the most cited number from this study, would represent an increase of  about 9.5 GW from installed capacity in 1999, the base year for the estimates of cogeneration potential – though it should be remembered that information regarding existing self-production, including cogeneration, is not very reliable.  Unfortunately, the study did not provide an estimate of electricity generation in GWh.

The potential of 12.5 GW can be compared to the total public service generation capacity in 1999, which was 65 GW (excluding ½ of the Itaipú dam, of which in practice Brazil’s use is ~6 GW).  Total electricity consumption was 314 TWh, of which 293 TWh were supplied by utilities.  Thus “technical potential” was estimated to represent, at most, 18% of capacity at the time.  It is appropriate to compare capacity at the time with the potential, since as the economy grows so does cogeneration potential.  

From 1999 until now the demand for public service electricity has barely grown.  This is due to low economic growth and the repercussions of the electricity supply crisis, with serious rationing from July 2001 thru February 2002. 

Comments on the Official Estimates

In general, the methodology adopted in these official analyses was confused and superficial. The published values for potetnials are not a reliable basis for developing policy or planning investment strategies.  Among the estimates in Table 3, that for “technical” potential is probably the most important from a policy point of view today.  “Thermodynamic” potential is much too rarified and nothing would be lost by simply eliminating it the way it is currently calculated.
 

It is at the “technical” potential level of analysis that distinctions between “conventional” and “efficient (or new)” technologies should be made.  This would provide a better basis for analyzing “economic” potentials – a level of analysis which does not even appear (though there seem to be economic benchmarks built into the “technical” potential).  The short-term “market potential” is closer to a list of intentions in some traditional sectors (most unrealized).  It is no substitute for an analysis of the “economic” potential. 

The analysis of the “technical” potential (CESC, 1998) suffers from several problems.  In only two sectors – pulp and sugarcane (maybe) – is there an analysis which explicitly takes into account the thermal base.  In the others, the “analysis” is restricted to summing projects planned by firms in the sector.  While this approach may be useful for reaching values for the “market” potential and can help calibrate a technical analysis it should not substitute the technical analysis.  In fact, some large plants were without immediate plans to implement cogeneration projects and simply disappear, while some indicated projects have capacities that probably exceed their thermal base – i.e. they are probably what in the US would have been callled  “PURPA machines” (see the comments on oil refineries below).

A practical consequence of all this is that the estimated value for the so-called “technical potential” (12.5 GW total) is far too low.  

The potential also needs to be better defined.  As an example, take the category Food and Beverages.  The technical potential was reckoned to be 4020 MW, with existing industrial capacity in 1999 (it is important to remember that as the economy and industrial capacity grow, so does cogeneration potential).  

This estimate for Food and Beverages is very low, considering the fact that that this category includes the sugarcane processing industry, which by itself could generate this amount or substantially more, depending on the technology. Indeed, the value is only for the sugarcane sector.
  However, there are also many other agro-industries with residues and thermal loads, as well as beverage industries (such as beer and soft drinks) that are already beginning to adopt cogeneration as natural gas availability increases.  

While official estimates of technical potential are generally unreliable, they are simply unavailable for untraditional sectors, where the scale of plants is also usually smaller.  It is exactly with smaller plants where the greatest advances have been made in reducing costs, especially for controls and the interface with the grid.  These were once a serious cost barrier.  

Of the feasible so-called “four year market potential”, 65% is attributed to cogeneration in refineries. The available information suggests that some of these plants are planned with electricity generation capacity much above “thermal parity” (see Annex A).  This means that just part of the capacity may really be cogeneration.  It is curious that there is no estimate of the “thermodynamic” potential for cogeneration in the oil refining sector, since this is obviously the most studied of all sectors.

Annex A shows the official estimates for individual plants in three large traditional sectors – oil refining, chemicals and integrated steel plants using coke.  It is interesting to observe that the estimate for the Petroflex petrochemical plant in Pernambuco is 12 MW.  The author knows this plant personally, with gas turbines the potential of the plant in a regime of thermal parity would be more than 70 MW.  This kind of elementary error does not inspire confidence.

For almost all industrial and services sectors, the Plano Decenal argues that generation will be almost all “self-production” for internal use.  Significant sales to the grid were projected only in the refining and chemical sectors  (see the column for IPP in table 2).  Not even the sugarcane sector was forecast to have significant sales to the grid, though reality has shown a sharp increase.

It is true that sales to the grid today are generally unviable, especially for smaller plants, given the poor terms offered by the utilities.  However, a study which underlies policies should evaluate what is at stake.  In many sectors, limiting the project to supplying internal use means a large loss of potential.  Annex B shows an example, for shopping centers – which is a key pioneer example for “non-traditional”  sectors.  

Non-traditional host sectors

The treatment of the services sector in the official analysis is strange and very superficial.  The estimate of capacity in 1999 is much too high.  The authors of the study probably inadvertently included “other industrial” sectors, of which there are many with potential outside those specified in the official analysis.  The short-term projection for the services sector is relatively optimistic (growth of ~250 MW per year), but there is no estimate of either “thermodymic” or “technical” potential.  There was only a so-called “four year market” estimate.  

As discussed in the introduction, there is a large potential market for plants in non-traditional sectors - both those using residues (e.g sawmills, agro-industries besides sugarcane and urban refuse) and others using natural gas as its geographic availability increases.  These plants tend to be substantially smaller than plants in the traditional sectors – with most ranging from a few hundred kW to 10 MW.

A pivotal non-traditional market for natural gas-based cogeneration is for air conditioning and industrial refrigeration.  Implementation of these systems would result not only in new generation capacity, but in the removal of chillers’ electricity demand, which increasingly overlaps with the system peak.  

In an analysis of shopping centers in Brazil (Annex B), all their demand for electricity (about 450 MW in 1999) could be provided by cogeneration plants supplying the steam for absorption chillers (electrical chiller systems currently consume about 35-40% of shopping centers´ electricity).  

Indeed, even more could be produced for “export” were it not for the fact that most Brazilian utilties are pathologically adverse to cogeneration in their franchise area.  This is not surprising.  A profitable 450 MW segment of consumers might be converted into one selling 250 MW of surplus power, and maybe much more if new technologies such as fuel cells were to take hold.  This can be seen as an opportunity or a threat.  Cogenerators in utilities’ franchise areas could be profitable for them.
  However, given utilities’ overall business and regulatory environment, they have chosen to treat it as a threat, especially in the short-term (which is all most people think about).  

All shopping center plants so far built in Brazil have been dimensioned to supply less than their total electricity demand.   This way they can take advantage of the “Green” tariff schedule to provide backup power when there are plant outages.  The “Green” tariff schedule has very low demand (kW) charges, but very high consumption (kWh) charges, especially during peak demand.  However, since outages (planned and unplanned) at a well installed plant should not exceed a small percent of annual operating hours, this arrangement is much better than formally contracting back-up power from the utility.  

Another non-traditional cogeneration sector whose technical potential has been examined in Brazil is hospitals (Tolmasquim et alii, 2003b).  It is estimated that there are approximately 500 MW of potential in this sector, similar to that in shopping centers.  The published study, though it has detailed the characteristics of the diverse segments of the hospital sector does not allow an estimate of what is current electricity demand, nor how much that demand would be reduced by the substitution of the electrical chillers.

Smaller scale cogeneration plants have higher capital costs per kW of capacity than large thermal electric plants and, if they use natural gas, their fuel cost per m3 of gas is also substantially higher.  On the otherhand, the price of the electricity substituted is also much higher than the price received by large generators or paid by large consumers.  The high price of the electricity substituted can make these projects viable.  Selling significant amounts of electricity beyond on-site needs is another matter.  The economics deteriorate and there has been a general “cultural” hostility of Brazilian utilities to buying such power even when it makes economic sense for them to do so.
  In fact, almost all cogeneration in Brazil has been “inside the fence” whether the projects are large or small.  Recent initiatives with the sugarcane sector are the main exception.  Serious regulatory issues are involved (Poole & Guimarães, 2003).

As already observed, smaller cogeneration projects are options for many of the potential clients of ESCOs.  The financing of these projects also involves many of the same issues as that of typical ESCO projects.  Though they are larger and generally have longer paybacks than typical ESCO projects in Brazil (for which simple paybacks of viable projects are unlikely to exceed two years), they are closer to these projects than to large cogeneration facilities (say >30 MW).  

Combining cogeneration with other energy efficiency measures can be a good package.  It increases the size of the ESCO project.  This can be helpful for aggregators.  The other ESCO measures typically will increase the rate of return compared to a cogeneration plant alone.  This kind of hybrid project can also diversify risks.  For example, having generation capacity is better insurance against rationing – which has re-emerged as a possible threat if sustained economic growth returns.  It is useful to emphasize this possible synergy because it is often forgotten, indeed it has even been alleged that investment in cogeneration competes against investment in other energy efficiency measures.
  
Considerations on Next Steps

Official support for the development of estimates of potential for cogeneration appears to have stopped since  the year 2000.   This may not have been all that unfortunate.  The “Permanent Committee for Cogeneration Studies (Comissão Permanente de Estudos sobre Cogeração) does not appear to have been designed to be serious.  The Committee was composed essentially of utilities.  Considering their historic posture on the theme, this composition raises issues of representativity, conflict of interest and simple competence.  Also, while Eletronuclear (the Brazilian state company for nuclear plant construction and fuel-cycle management) has good engineering capabilities, its neutrality and competence to oversee coordination the study and to analyze cogeneration are questionable, especially regarding the evaluation of the market.

A new systematic initiative is needed to analyze and estimate cogeneration potentials.  Such an initiative would need government financing, but the study should be organized in such a way that utilities do not dominate the work and that analysis is done by consultants with experience in cogeneration.  In addition, the analysis should be done with the active participation of professionals from each sector in question.

This should be part of a broader effort to have a better understanding of energy efficiency potentials in general.  One  near term opportunity appears to have been lost.  The UNDP is tendering an evaluation of the potential for electricity conservation to be performed for PROCEL.  Unfortunately, it is restricted to electricity end-uses only.  This restricted focus was maintained despite the fact that the resources are ultimately from the GEF (Global Environment Facility) whose justification is the reduction of CO2 emissions.  In many industrial cases, consumers’  fuel use will be much more significant from this perspective than their electricity use.  

Hopefully, other opportunities can be found soon for government support.  It will be important to go beyond estimates of “technical” potential to providing well-calibrated estimates of economic potential. “Calibration” means making clear the technical and financial assumptions.  Steps in this direction have been taken in the studies recently published by the Federal University of Rio de Janeiro/UFRJ (Tolmasquim et alii, 2003a & 2003b). 

Besides formal quantitative analysis, the survey should take account of both qualitative and non-energy project considerations that may influence strategic energy choices at the level of the firm.  Examples are: competitive pressures to reduce costs; the need for reliable and quality eelctricity supply; the use of a non-energy by-products such as CO2 for soft drink bottling plants; the environmental benefits from using an effluent for clean energy use.  These factors may be very different in different sectors and they are usually best understood by professionals from that sector – which re-emphasizes the importance of their active participation in analyses.

This survey should not even try to make formal estimates of the “market” or “financial” potential.  It should provide the basic information that does not change so fast, in abundant databases and annexes, which will help market agents to make their own analyses in the future.

Market assessments can change drastically with changes in the relative prices of equipment and energy vectors, interest rates or the regulatory context.  For example, the recent announcement of a giant field of natural gas in the coastal waters of southeastern Brazil
 (near the biggest energy consuming centers in Brazil) will have a big impact on energy energy choices and planning in general, not to mention natural gas prices and pricing.  More specific changes in the market environment for cogeneration would occur if, for example, there were: financial guarantees given equivalent to those already conceded to large fossil fuel plants entering in operation; or a regulatory decision regarding norms for the interconnection of distributed generating plants in consumers’ installations with the grid.

In Brazil, there can be no doubt that if the government does not take a clear position to “level the playing field” for cogeneration in its various guises, this option will continue to be limited only to a few consumers and will be marginal to the expansion of the grid.  To consolidate this potential market as a serious factor in the future supply of energy in Brazil, which could bring many advantages to Brazil’s economy and to consumers, does not require money subsidies.  It requires a posture of regulatory support to remove monopolistic obstacles, of providing information and (initially at least) well structured financial guarantees.  These points have been covered in another paper prepared for this project (Poole & Guimarães, 2003).
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Annexes

Annex A: Estimates for Individual Plants in Some Traditional Sectors

Source: CESC, 1998: Refers to potential expansion over the fours years from 1999 to 2003

Petroleum Refineries: Current and Projected Cogeneration Capacity

	Refinary
	State
	Capacity 1998
	Capacity 2003
	Internal Demand
	Excess for Sale

	
	
	MW (em 1999)
	MW
	MW (em 2003)
	MW

	FAFEN
	BA
	0
	25
	15 (25)
	0

	RLAM
	BA
	11 (13,5)
	460
	19 (50)
	410

	REDUC
	RJ
	40  (30)
	850
	45 (50)
	800

	REVAP
	SP
	23 (30)
	400
	32 (15)
	385

	RPBC
	SP
	11 (24,5)
	400
	28 (50)
	350

	REPAR
	PR
	19 (32)
	400
	19 (20)
	380

	REFAP
	RS
	16 (18)
	200
	16 (22)
	178

	REGAP
	MG
	0
	600
	30 (80)
	520

	Polo Guamaré
	RN
	1 (0)
	150
	35 (45)
	105

	REPLAN
	SP
	22 (22,5)
	600
	26 (50)
	550

	SIX
	PR
	0
	100
	18 (20)
	80

	Total
	…
	143 (171)
	4185
	283 (427)
	3758


Integrated Iron and Steel Plants using Coke: Current and Projected Cogeneration Capacity 

	Firm
	State
	Capacity 1998
	Capacity 2003
	Internal Demand
	Excess for Sale

	
	
	MW (em 1999)
	MW
	MW (em 2003)
	MW

	CSN
	RJ
	20
	230
	230
	0

	CST
	ES
	205
	205
	205
	0

	Cosipa
	SP
	23
	150
	150
	0

	Usiminas
	MG
	48
	48
	48
	0

	Açominas
	MG
	45
	62
	62
	0

	Total
	…
	341
	695
	695
	0


Chemicals : Current and Projected Cogeneration Capacity

	Sector/Firm
	State
	Capacity 1998
	Capacity 2003
	Internal Demand
	Excess for Sale

	
	
	MW (em 1999)
	MW
	MW (em 2003)
	MW

	Grupo Cogera (mix of sectors)
	SP
	0
	619
	244
	375

	Rhodia
	SP
	0
	169
	52
	117

	Carbocloro (Alkalis)
	SP
	0
	237
	110
	127

	Solvay (Alkalis)
	SP
	0
	213
	82
	131

	Petrochemical
	…
	214
	480
	415
	65

	Copene
	BA
	194
	258
	258
	0

	Copesul
	RS
	20
	30
	30
	0

	PQU
	SP
	0
	180
	115
	65

	Petroflex
	PE
	0
	12
	12
	0

	Alkalis
	…
	24
	286
	286
	0

	Dow
	BA
	0
	40
	40
	0

	Trikem
	AL
	0
	40
	40
	0

	Rio Cell
	RS
	5
	10
	10
	0

	Outras SP
	SP
	12
	187
	187
	0

	Outras RS
	RS
	5
	5
	5
	0

	Outras PA
	PA
	2
	4
	4
	0

	Gás/chemical pole
	RJ
	0
	49
	49
	0

	Other cemicals (25 empresas)
	SP
	131
	131 or 147
	131 or 147
	0


Annex B: Estimates of Technical Potential for Brazilian Shopping Centers

The estimates of technical potential shown here are from a study by INEE of cogeneration potential in Brazilian shopping centers (Poole, Freitas & Poole, 2000).  It consider two types of prime movers (natural gas engines and gas turbines).  The potential assumes only the thermal base provided by the absorption chillers.  To the extent that other thermal loads in the complex (usually hot water) are included, the technical potential would increase.  

An absorption chiller transforms heat into cold, employing a cycle of phase changes.  It is possible to have more than one cycle or “stage”.  Absorption chillers with one stage use very low pressure steam or pressurized hot water.  Chillers with two stages use higher pressure steam and have a higher coefficient of performance (COP).  This means that in order to produce the same quantity of chilled water (TR or tons of refrigeration), the latter use less steam.  This implies a smaller cogeneration system.  Table B-1 summarizes some parameters.  Only absorption chillers with one and two stages were considered.

Table B-1 : Summary of Parameters for Systems of Absorption

	Chiller Absorption
	Steam Conditions
	COP
	Steam Used*

	Stages
	Temp ((C)
	Pressure (psig)
	
	(kWt / 100 TR)

	1 stage
	110-120
	5-15
	0,6 - 0,7 (0,65)
	538

	2 stages
	160-185
	65-145
	0,9 – 1,2 (1,05)
	333

	3 stages
	215
	305
	(1,55)
	226


*  Value assumes the COP in parenthesis; 1 TR = 3,5 kW(thermal).

Table B-2 summarizes the technical potentials estimated for different size-classes of shopping center.  The alternative of natural gas internal combustion engines was compared with that of gas turbines.  Gas engines generate more electricity per thermal MW of process heat than do gas turbines: 1,1-1,5 MW(electric) per MW(thermal) compared with a ratio of about 0,45 MW(electric) / MW (thermal) for gas turbines in this size range.

Table B-2: Technical Potential for Cogeneration by Size Class of Shoping Center

	
	Unit
	Range of Gross Leaseable Area – GLA (x 103 m2 )
	Total

	
	
	< 10
	10 à 20
	20 à 30
	30 à 50
	> 50
	

	GLA in the Range
	m2 
	234
	710
	814
	833
	992
	

	Electricity demand
	
	
	
	
	
	
	GW

	For chillers (substituted)
	MWe
	4
	43
	46
	38
	30
	0,16

	Other loads
	MWe
	17
	53
	62
	67
	78
	0,28

	Cogen electricity capacity
	
	
	
	
	
	
	GW

	IC engines
	MWe
	26-38
	266-418
	324-510
	307-483
	353-556
	1,27-2,00

	Gas turbines
	MWe
	7-11
	74-125
	90-153
	86-145
	99-167
	0,36-0,60

	Electricity consumption
	
	
	
	
	
	
	TWh

	For chillers (substituted)
	GWhe
	13
	127
	146
	130
	143
	0,56

	Other loads
	GWhe
	82
	230
	283
	330
	428
	1,35

	Electricity generation
	
	
	
	
	
	
	TWh

	IC engines
	GWhe
	87-138
	792-1246
	1037-1631
	1056-1661
	1672-2630
	3,76-5,92

	Gas turbines
	GWhe
	24-41
	221-374
	289-489
	295-498
	466-789
	1,05-1,77


With single stage absorption chillers, a gás turbine system would generate twice the electricity requirements (on average) of shopping centers’ non-air conditioning .loads – which is their total load after the new cogen/chiller system has been installed.










�   For a summary of the Brazilian electricity tariff structure, see (Poole & Guimarães, 2003).


�  Source: Information of ANEEL published in the  Progress Reports #2 and #3 of the government Committee for the Revitalization of the Model for the Electricity Sector, February and April of 2002.  


�  Between the two versions of the Plano Decenal there was some evolution in the analysis of the role of cogeneration and distributed generation.  Some industrial sectors were added to the evaluation and, for the first time, it approached the services sector.  





�  Besides the crudeness of the coefficients and the incomplete coverage, the methodology completely ignores thermal loads not currently supplied by fuels.


�   The analysis in CESC, 1998 appears to assume a very modest increase in boiler pressure for scheduled retrofits (which most mills need soon), lower in fact than is happening in projects being built now.


�   This would be true even with the changes in the institutional model for the power sector being proposed by the new government, which would not allow distribution utilities to have any generation capacity – today they are allowed to produce up to 30% of their needs.


�  The soap opera of the negotiations for the sale of excess capacity during peak demand hours by a newspaper printing plant of the Rede Globo’s (Brazil’s biggest media group) to the local utility in Rio de Janeiro (Light), in a region subject to blackouts, shows just how hard it has been to sell excess power from smaller non-traditional cogenerators.


�  See the introduction (p11) to: M.T. Tolmasquim, J.B. Soares, R.S. Roggia, R.A. de Souza; Potencial de cogeração a gás natural – Setores industrial e terciário do Rio de Janeiro;  UFRJ/COPPE/Cenergia, Rio de Janeiro, 2003.


�  This refers to a revised estimate of the reserves in the Santos off-shore basin, published in September, 2003.  Natural gas had previously been found and the field was estimated to have 60 billion m3 of reserves.  The estimated reserves were increased to about 400 billion m3.  This increase roughly triples Brazil’s total domestic reserves.
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