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BULGARIAN CLEAN COAL UTILIZATION TECHNOLOGY OPTIONS HANDBOOK 

EXECUTIVE SUMMARY 

INTRODUCTION 

The nations of East Central Europe regained their political and economic freedom in 1989, 
ending nearly half a century of centrally planned economies under the hegemony of the former 
Soviet Union (FSU). These nations are now emerging from economic conditions marked by price 
distortions, a focus on heavy industry, isolation from world markets, and a lack of occupational 
health and environmental safeguards. Economic recovery, environmental restoration, and political 
stability, as well as eventual entrance into the European Community (EC), require a reordering of 
policies and priorities, including those bearing on energy and environment. 

Focusing on these needs, the Energy & Environmental Research Center (EERC) is leading a 
project funded by the U. S. Department of Energy (DOE). The primary goal of this project is to 
introduce the Bulgarian energy sector to technologies required to make better use of its indigenous 
lignite for least-cost electric power generation while reducing emissions. Specific objectives were 
to evaluate the clean coal technology options for Bobov Dol, Sofia, and Maritsa East lignite-based 
power generation and domestic heating fuel production and to facilitate the transfer of U.S. 
technologies to meet Bulgaria's need for power generation, domestic solid fuel, and reduced 
emissions at minimum cost. The emphasis of this study was placed on identifying opportunities for 
integrating near-term options into the long-term development of Bulgaria's lignite resources. This 
study was meant to supplement the very extensive review of the Bulgarian power sector performed 
by Overseas Bechtel, Inc., TOTEMA, and Energoproekt in 1993. 

The EERC worked in close cooperation with the Bulgarian energy firms Energoproekt and 
TOTEMA. Their assistance was essential in identifying the needs of the Bulgarian power industry, 
in assessing the current conditions of equipment and fuel in Bulgaria, and in selecting and 
prioritizing the final technological areas for the study. The most urgent problems facing the 
Bulgarian energy sector are the low reliability and availability of their thermal power plants, 
stemming from age, poor boiler maintenance, low-quality coal, and interruption of coal supply. 
Another major problem relates to high emissions of SO,, NO,, and particulates and how to bring 
plants into compliance with environmental standards at reasonable cost. 

The steps taken in evaluating these problems and formulating recommendations included 
1) reviewing the current condition of power plant equipment and characteristics of fuels, 
2) evaluating potential remedial options, 3) selecting and contacting vendors, 4) writing a 
technology options handbook, and 5) hosting a workshop to introduce representatives of the 
Bulgarian power sector to U.S. vendors. The following technological areas are considered in this 
report, listed by priority as determined by the Bulgarian energy firms: 

Particulate control 
Rehabilitation and life extension of existing units 
Fuel switching 
Advanced power systems 
Retrofit with circulating fluidized-bed combustors 
Flue gas desulfurization 



Coal beneficiation 
NO, control 

This study is based on the EERC's extensive experience and understanding of the impact of 
coal properties on all aspects of the power production cycle. It should be noted, however, that the 
analysis and conclusions are somewhat limited by the summary nature of tho information available 
on the configuration and condition of the thermal power plants. Therefore, the primary objective 
was to describe a range of technology upgrade options and identify U.S. companies that have 
demonstrated experience and are interested in pursuing projects in Bulgaria. Ultimately, any 
detailed station or unit rehabilitation andlor retrofit plans must be based on a more thorough and 
detailed technical evaluation combined with consideration of the social and economic constraints 
specific to Bulgaria. The major conclusions and recommendations in each of the topical areas are 
presented in the following summaries. 

COAL BENEFICIATION 

The EERC has demonstrated that low-ash, low-sulfur, high-heating-value fuels can be 
produced from some low-rank coals by employing beneficiation techniques that include physical 
and chemical cleaning, hydrothermal treatment, and aggregation. Three Bulgarian lignites were 
characterized by chemical analysis, and one was identified as a possible candidate for gravity 
cleaning. This sample was crushed and screened and then physically cleaned in heavy media to 
reduce the concentration of undesired mineral constituents. Cleaning at 1.3 specific gravity (s.g.) 
resulted in a 64 % reduction in ash content (dry basis [db]), but the theoretical SO, emission in 
lb SO,/MMBtu (or g/GJ) was reduced by only 18% at an energy recovery of 72 % . Cleaning at a 
higher s.g. of 1.6 achieved an energy recovery of 94.5 %, but the SO, emission was reduced by 
only 13 % relative to the cleaned (screened) fraction and by 0% in relation to the parent coal 
sample before screening. The conclusion drawn was that gravity cleaning could be technically 
justified on the basis of ash reduction but not for sulfur removal. A preliminary estimate of 
cleaning cost for the Maritsa East lignite, based on related data for U.S. lignite, is $USlOlton. 
Based on the poor cleaning efficiencies and the high cost, coal cleaning is not recommended for 
Maritsa East lignite. 

BOILER REHABILITATION AND FUEL SWITCHING 

Fuel switching to imported subbituminous coal has been recommended for the thermal power 
plants at Bobov Do1 and Varna because of the lack of reliable fuel supply to each plant and a 
general decline in quality of the coals currently fired. These plants represent 40% of the coal-fired 
electrical generating capacity (24% of total capacity) in Bulgaria. The main objectives of the fuel 
switch are to secure a stable fuel supply that will allow these units to be operated at rated capacity; 
to lower the specific ash content, reducing erosion effects on unit equipment and reducing the load 
placed on the electrostatic precipitators (ESPs); and to lower sulfur emissions, mainly at Bobov 
Dol. The study by Overseas Bechtel, Inc., and others provides an excellent description of the 
rehabilitation issues required to extend the life of these units. Powder River Basin [PRB] coals 
from the United States are considered in this study, although coals from Indonesia and South 
Africa are also candidates. 

Since the generating units at Bobov Do1 are nearing the end of their useful life and have 
many wear-related equipment issues, it has been determined that a number of boiler rehabilitation 
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issues must be addressed to adequately fire any fuel source over an extended period. Since the 
Bobov Do1 units were designed for subbituminous coal, there should be no noticeable detrimental 
effect of firing an imported subbituminous coal. In fact, with the possible exception of reduced 
boiler efficiency that generally accompanies a switch to a higher-moisture coal, the expected coal 
quality of the PRB fuels would greatly improve boiler performance in nearly every area. Because 
of socioeconomic concerns, it has been determined that blending of the current fuel supply with 
imported subbituminous coal may provide the best approach to meeting the stated objectives. To 
accommodate a blended fuel, existing fuel-handling and preparation facilities must be upgraded. 
Once this has occurred, the switch to subbituminous coal could be implemented immediately, 
followed by a stepwise approach to address equipment-related issues required to sustain and 
improve operation over an extended period. Priority should be given to upgrading existing 
electrostatic precipitator (ESP) capacity, followed by replacing the induced-draft (ID) fan, 
reconstructing or replacing milling equipment, replacing burners, and installing a new ID fan. 

The generating units at Varna require extensive rehabilitation before any change in fuel 
choice may be considered, particularly in the case of a switch to subbituminous coal. Designed to 
indirectly fire prepulverized anthracite coal from the Ukraine, which has limited supply, these units 
would be unable to meet rated capacity without major modifications. The higher moisture content 
and lower heat content of the subbituminous coal would dramatically alter the distribution of heat 
in these boilers. Inadequate surface area in the furnace proper and convective pass would result in 
difficult control of steam temperatures and a significant reduction in boiler efficiency. Site and 
boiler modifications required to fire an imported subbituminous coal include the following: 

Modification of the harbor at Varna to allow receipt of larger coal transport vessels 

Upgrade of existing coal-handling facilities at the harbor and at the plant 

Conversion of the boilers from wet-bottom to dry-bottom firing mode (including 
replacement of mills, burners, and auxiliary equipment) 

Installation of a membrane wall in the boiler 

Rearrangement and addition of convective pass heating surfaces 

Replacement of ID fans 

Upgrade of ESP 

Upgrade of ash-handling system 

Although the boiler rehabilitation project at Varna is quite extensive, these modifications 
have been determined to be more cost-effective than installing new capacity. Since the boiler 
rehabilitation is expected to accommodate a switch to subbituminous coal, .the impact of fuel 
quality is expected to be minimized. One possibility not currently considered by Overseas Bechtel, 
Inc., for the six units at Varna is repowering with circulating fluidized-bed combustion (CFBC). 
In light of the extensive modifications under consideration and the size of these units, it is 
recommended that some consideration be given to this alternative. The CFBC option may be 
economically competitive while offering greater flexibility to utilize the lower-quality fuels. 



EMISSION CONTROL 

Controlling emissions of particulate, sulfur dioxide (SO,), and nitrogen oxide species (NO,) 
from coal-fired power plants is necessary in order to ensure health and quality of life throughout 
the world. The key to improving the quality of life in many parts of the world is to increase the 
availability of clean and affordable energy. The use of various grades of lignite to produce 
electricity currently plays a significant role in meeting worldwide energy demands but also 
adversely impacts the environment in some regions. The utilization of coal and lignite resources is 
expected to increase dramatically as economically developing countries modernize and expand their 
electrical generating capacity to meet the growing demand. It is essential that efficient emission 
controls be included on new plants and retrofitted on older plants continuing to operate. 

Emission control regulations in Bulgaria have become more restrictive since Bulgaria has 
moved towards a market-based economy. Current regulations restrict the emission of particulate, 
SO,, and NO, for units with a capacity of > 50 MWth. Particulate emissions are limited to 
200 mg/Nm3 (0.15 IbIMMBtu) for units built prior to 1995 firing domestic fuels and 150 mg/Nm3 
(0.11 lb/MMBtu) for imported fuels. New units are limited to particulate emissiors of 
100 mg/Nm3 (0.074 IblMMBtu) and 80 mg/Nm3 (0.059 IbIMMBtu), respectively, for domestic 
and imported fuels. Sulfur dioxide emissions are limited to 3500 mg/Nm3 (2.59 lb/MMBtu) for 
units built prior to 1995 firing domestic fuels and 2000 mg/Nm3 (1.48 lb/MMBtu) for imported 
fuels. New units are limited to SO, emissions of 650 mg/Nm3 (0.48 1bIMMBtu) whether firing 
domestic or imported fuels. Although the control of particulate and SO, emissions has higher 
priority, limits have also been placed on the emission of nitrogen oxides. For units built prior to 
1995, the NO, emission limits are 1000 mg/Nm3 (0.74 IblMMBtu) and 1300 mg/Nm3 
(0,96lb/MMBtu) for domestic and imported fuels, respectively. New units are limited to 
600 mg/Nm3 (0.44 lb/MMBtu), regardless of the fuel source. 

Information on current emissions and control measures was obtained from Bulgarian sources 
for six Bulgarian power stations: Bobov Dol, Varna, Maritsa 3, Maritsa East 1, Maritsa East 2, 
and Maritsa East 3, representing 4840 MW of gross electrical capacity. Retrofit SO, and NO, 
control options were only considered for units at four of the six stations identified: Bobov Dol, 
Varna, Maritsa East 2, and Maritsa East 3. Generating units at Maritsa East 1 and Maritsa 3 are 
all more than 30-40 years of age and have been recommended for decommissioning in the study 
completed by Overseas Bechtel, Inc., in 1993. In the event either or both stations were repowered 
using CFB technology, a pulse-jet fabric filter (PJFF) is recommended as the least-cost particulate 
control option; SO, control would be accomplished in the CFB, and the inherent NO, emissions 
from the CFB would be expected to meet the post-1995 limit. 

Commercially available technologies, such as ESPs, fabric filters, spray dryer absorbers 
(SDAs), wet limestone scrubbers (WLS), overfire air staging (OFA), low-NO, burners (LNB), 
selective noncatalytic reduction (SNCR), and selective catalytic reduction (SCR), have 
demonstrated their ability to control emissions for a variety of fuels (bituminous and subbituminous 
coal and lignite) and boiler types around the world. Based on U.S. experience, both ESPs and 
fabric filters are appropriate technology options for meeting the Bulgarian particulate emissions 
limits; SDA and WLS are appropriate technology options for meeting the Bulgarian SO, emission 
limits; and OFA and LNB should be appropriate technology options for meeting the Bulgarian NO, 
emission limits in most cases. One key to successfully retrofitting cost-effective equipment or 
procedural changes to meet emission limits will be to evaluate emission control upgrade options in 
combination with any other changes that are planned. For example, plans for fuel switching and 
boiler upgrades should be factored into the emission control evaluation process. For new units, 
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subject to stricter emission limits, the selection of emission control equipment should be factored 
into the bid process from the viewpoint of overall economics, performance, and reliability. 

Particulate Control 

Available information indicates that current particulate emissions from the various units range 
from 290 to 600 mg/Nm3 (0.22 to 0.45 lb/MMBtu). These current particulate emissions must be 
reduced by 3 1 %-66.7 % in order to meet the pre-1995 200 mg/Nm3 (0.15 lb/MMBtu) standard for 
domestic fuels. Since ESP technology has been extensively applied in Bulgarian power stations to 
control particulate emissions, the first step must be to evaluate options for upgrading the existing 
ESPs, prior to considering the application of alternative technologies. Units at the Bobov Dol, 
Varna, Maritsa East 2, and Maritsa East 3 stations all have operating ESPs that do not meet the 
pre-1995 200 mg/Nm3 (0.15 IblMMBtu) limit for domestic fuels. In these cases, ESP upgrades 
should be adequate to meet the emission limit objective. However, final discussions on the fuel 
source and boiler rehabilitation options are necessary prior to selecting ESP upgrade options. 
Specifically recommended ESP upgrades include the replacement of ESP internals using U . S . - 
designed plates and electrodes, an increase in collection area with greater sectionalization, the 
installation of new flue gas flow control devices to improve gas distribution, and the installation of 
new transformers, rapping systems, and controls. In some cases, existing ESPs can be upgraded 
for about half the cost of installing new ESPs. Flue gas conditioning is also recommended as a 
low-cost option for improving ESP performance for some units considering low-sulfur coal 
options. In cases where ESP upgrades alone are not adequate to meet emission control 
requirements, an economical alternative would involve adding a high-face-velocity pulse-jet 
baghouse downstream of the ESP using the compact hybrid particulate collector (COHPAC) 
concept. 

Input from a U.S. vendor indicated that the ESPs at the Bobov Dol, Varna, Maritsa East 2, 
and Maritsa East 3 stations could be upgraded to meet the Bulgarian particulate emission limits. 
The specific approach for the Bobov Do1 Station, based on rehabilitation projects completed in 
Poland, would be to add 30%-40% more collection area into the existing casing without changing 
the plan area or ID fan. This would be accomplished by reducing the spacing between fields and 
increasing the height of the ESP but allowing for the reuse of existing support steel, ash hoppers, 
and handling system. In addition to meeting particulate emission limits, the degree of ESP 
upgrades required will also depend on the quality of fuel used and the particulate loading 
requirements in downstream processes. For example, fly ash constituents may have to be limited 
to avoid scrubber chemistry problems or to meet specifications for by-products intended for 
utilization rather than disposal. 

Sulfur Dioxide Control 

Because of the high sulfur content in the coals used in the Bulgarian power industry, WLSs 
are generally more applicable than SDAs in most applications. Low-capital-cost retrofit 
technology options, such as furnace sorbent injection or duct injection, are not appropriate options 
even as short-term mitigation measures where limited financial resources must be focused to meet 
high levels of SO, control. Available financial resources should instead be invested in highly 
efficient technology options that meet long-term objectives and minimize the cost of SO, control on 
a $/ton and levelized-cost basis. In addition, implementation of an emission trading system would 
minimize the overall system cost of compliance. 



Available information indicates that SO, emissions from various generating units range from 
4100 to 13,000 mg/Nm3 (3.03 to 9.62 lb/MMBtu), all exceeding the 3500-mg/Nm3 
(2.59-lb/MMBtu) emission limit established for pre-1995 units firing domestic fuel. Current SO, 
emissions must be reduced by 15 %-73 % to meet the 3500 mg/Nm3 (2.59 IblMMBtu) standard or 
by 84%-95% to meet the post-1995 limit of 650 mg/Nm3 (0.48 IblMMBtu). Since SO, control 
technology has not been applied previously in any Bulgarian power station, the first step should be 
to establish the viable technology retrofit options at each plant prior to addressing detailed 
evaluations. Various SO, control options identified in this report include fuel switching, 
conventional WLS and SDA, an ammonium sulfate process, and a circulating fluid-bed scrubber. 
Because fuel shortages are a key issue for both the Bobov Do1 and Varna stations and fuel 
switching is likely, the use of a low-sulfur fuel or fuel blend would appear to be the least-cost 
option for reducing SO, emissions at these stations. Implementing a low-sulfur fuel blend at the 
Bobov Do1 and Varna stations would make WLS and SDA technologies unattractive economically. 
If SO, emission trading were an option on a systemwide basis, it would be more cost-effective to 
overcontrol SO, emissions at a station with higher uncontrolled SO, emissions. The EERC would 
strongly recommend that emissions trading be used as a component of the overall approach to 
reducing SO, emissions and meeting current and future standards. 

Reducing SO, emissions at the Maritsa East 2 station has the highest priority among 
environmental upgrades in the Bulgarian power industry, where current emissions of 
12,000-13,000 mg/Nm3 (8.88 to 9.62 IbIMMBtu) are reported in the 1993 Overseas Bechtel, Inc., 
study. Continued use of the locally available lignite is anticipated; therefore, fuel switching 
and/or blending is not an option for reducing SO, emissions. Although the pre-1995 standard 
would possibly permit the use of an SDA, WLS or some variation will be required to meet the 
post- 1995 standard. One U. S. company recommended wet-scrubbing technology on the older 
Maritsa East 2 Units 1-4 to meet the post-1995 standard. Raytheon Engineers & Constructors, 
Inc., and the Environmental Elements Corporation (EEC) recommended an SDA as a lower- 
capital-cost option, and a low-cost circulating fluid-bed scrubber was also mentioned. Fabric 
filters have typically been the technology choice for particulate control in combination with SDA 
and circulating fluid-bed SO, scrubbers because of their ability to effectively handle high-mass 
loadings and high-resistivity solids and their contribution to overall SO, control and sorbent 
utilization. Therefore, ESP upgrades would not be necessary if either of these lower-capital-cost 
options (SDA or circulating fluid-bed scrubber) were selected. 

For the newer Maritsa East 2 Units 5-8, Raytheon Engineers & Constructors, Inc., and the 
EEC recommended wet scrubbing as the best technical and economic choice for meeting the post- 
1995 SO, emission standard. Since these Maritsa East 2 units are the newest units in the Bulgarian 
power industry, they have the longest remaining life and are better suited to installation of high- 
capital-cost/low-operating-cost technology options. Also, Raytheon Engineers & Constructors, 
Inc., specifically recommended that consideration be given to the installation of a wet ammonium 
sulfate process. These units would be well suited to the production of by-product ammonium 
sulfate because of the high flue gas SO, concentration, long-remaining plant life, and presumed 
higher-capacity factor. The primary attraction of the process is the production of salable 
ammonium sulfate, valued in the United States at about US$lOO/ton, resulting in a positive annual 
operating revenue stream rather than an operating cost. The ammonium sulfate by-product could 
potentially be used in Bulgaria and also exported. Concept disadvantages that must be considered 
include the risk associated with a newer process, the higher capital cost when compared to other 
technology options, and the higher reagent cost (the cost of ammonia in the United States has been 
reported to be six times that of limestone). If the current plant layout permits, a single 420-MWe 
module could be installed to treat flue gas generated by Units 5 and 6 with a second 420-MWe 
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module for Units 7 and 8. This approach would minimize capital cost by limiting the number of 
required modules. Although the ammonium sulfate process has not seen commercial use in the 
United States to date, a 300-MW equivalent unit has been selected as the least-cost option for 
controlling SO, emissions at Dakota Gasification Company's Great Plains Synfuels Plant near 
Beulah, North Dakota. GE Environmental Services, Inc., is marketing the ammonium sulfate 
process to U.S. utilities as a retrofit technology option for meeting the Phase I1 SO2 emission 
reductions mandated by the Clean Air Act Amendments of 1990 as well as for new plant 
installations. 

Reducing SO, emissions at the Maritsa East 3 station has the second highest priority among 
environmental upgrades in the Bulgarian power industry. Emissions of 12,000- 13,000 mg/Nm3 
(8.88-9.62 IbIMMBtu) are again reported in the 1993 Overseas Bechtel, Inc., study. Continued 
use of the locally available lignite is anticipated; therefore, fuel switching and/or blending is not an 
option for reducing SO, emissions. WLS or some variation will be required to meet the post-1995 
SO, standards. If SDA or CFB scrubbers were considered, their downstream particulate control 
requirements would eliminate the need for ESP upgrades unless the SO, control system were placed 
upstream of the existing ESPs. 

Control of Nitrogen Species 

NO, emissions are a lower priority than particulate and SO, emissions for the Bulgarian fossil 
fuel-fired electrical generating systems. Available information indicates that NO, emissions from 
the various units range from 605 to 2000 mg/Nm3 (0.45 to 1.48 IbIMMBtu), with most units 
exceeding the 1000-mg/Nm3 (0.74-lb/MMBtu) emission limit established for pre-1995 units firing 
domestic fuel. Current NO, emissions must be reduced by 10%-50% for most units to meet the 
pre- 1995 1 000-mg/Nm3 (0.74-lb/MMBtu) standard and by 45 % -70 % to meet the post- 1995 
600-mg/Nm3 (0.44-lb/MMBtu) standard. Since NO, control technology has not been applied 
previously in Bulgarian power stations, the first step must be to establish viable technology retrofit 
options at each plant prior to addressing detailed evaluations of the alternative technologies. 
Various technology options considered in this study included OFA, LNB, natural gas reburning 
(NGR), SNCR, and SCR. The use of combustion controls (CC), OFA and LNB, would be the 
least-cost option for reducing emissions and should be evaluated prior to considering 
postcombustion options for the Bulgarian power industry. Another option identified would involve 
switching to a subbituminous fuel in order to improve the potential for combustion modifications 
alone to meet the 600-mg/Nm3 (0.44-lb/MMBtu) NO, limit. If emission trading is permitted, over 
control of NO, emissions on certain units could be used to minimize the overall cost of reducing 
NO, emissions systemwide. The EERC would strongly recommend that emissions trading be used 
as a component of the overall approach to reducing NO, emissions and meeting current and future 
standards. Postcombustion technologies, such as SNCR or SCR, may be technically appropriate 
for some units, but their use should only be considered if economic incentives exist to do so and/or 
emission trading options are not permitted. 

Current NO, emissions at the Bobov Do1 Station were reported to be 605-620 mg/Nm3 
(0.45 to 0.46 IbIMMBtu), currently meeting the pre-1995 standard of 1000 mg/Nm3 
(0.741bIMMBtu). In the event that this station were required to meet the post-1995 standard of 
600 mg/Nm3 (0.44 IbIMMBtu), the combination of equipment upgrades (mills, burners, etc.), 
firing system tuning, and large furnace volume should be adequate, even though switching to or 
blending higher-quality fuels at this station would be expected to result in increased NO, emissions. 
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Current NO, emissions at the Varna Station are reported to be 1880-2000 mg/Nm3 
(1.39-1.48 IbIMMBtu), exceeding the pre- 1995 standard of 1000 mg/Nm3 (0.74 IbIMMBtu). 
Switching to a low-sulfur, higher-moisture fuel will reduce NO, emissions somewhat. In addition, 
air staging, burner upgrades, and operational tuning will also be necessary. However, the 
combination of fuel switching and equipment upgrades alone will probably not be sufficient to meet 
the post-1995 NO, standard. 

Current NO, emissions at the Maritsa East 2 and Maritsa East 3 Stations are reported to be 
1 100- 1300 mg/Nm3 (0.8 1-0.96 lb/MMBtu) and, therefore, exceed the pre-1995 standard of 
1000 mg/Nm3 (0.74 IbIMMBtu). Burner upgrades and operational tuning should adequately 
reduce NO, emissions to meet the pre-1995 limit. In the event these stations are required to meet 
the post-1995 standard of 600 mg/Nm3 (0.44 IbIMMBtu), combustion system upgrades (OFA and 
LNB) and boiler tuning may be adequate. If the use of postcombustion technologies is required, 
SNCR is likely a better choice than SCR. However, the performance of SNCR technology is very 
sensitive to flue gas temperature and flow distribution in the furnace. Therefore, a thorough 
physical evaluation of each boiler will be required along with modeling of boiler heat-transfer 
characteristics. 

Integrated Emission Control Systems 

A number of integrated concepts for controlling emissions (particulate, SO,, and NO,) from 
coal-fired systems are at various stages of evaluation and/or demonstration. While some are 
intended to simultaneously control SO, and nitrogen oxide species (NO and NO,), a few target 
simultaneous control of particulate and nitrogen oxides, and still others are intended to control 
particulate, SO,, and nitrogen oxides simultaneously. The DOE Clean Coal Technology 
Demonstration Program is supporting several integrated concepts for simultaneous emission 
control: the NOXSO process, the Copper Oxide Process, the ABB Environmental Systems SNOX 
process, and the Babcock & Wilcox (B&W) "SO,-NO,-RO, Box. " 

Although these integrated emission control concepts show promise for future commercial 
applications, their high capital costs and lack of commercial experience make them poor choices at 
this time for meeting the near-term requirements of the Bulgarian power industry. However, the 
new coal-fired power stations constructed throughout the world in the next century are expected to 
make use of highly efficient integrated emission control technologies such as these to produce 
salable by-products rather than waste products requiring disposal. 

ADVANCED POWER SYSTEMS 

Emerging power systems, including advanced CFBC, pressurized fluidized-bed combustion 
(PFBC), and integrated gasification combined-cycle (IGCC) being demonstrated under the DOE 
Clean Coal Technology Program and other technologies at earlier stages of development, will, 
over time, present opportunities for achieving generating efficiencies of 50% or higher with 
stringent control of SO,, NO,, and particulate emissions. At their present stage of development 
and demonstration, these coal-fired technologies offer superior environmental performance for 
repowering, cogeneration, and greenfield projects at costs that are comparable to pulverized fuel 
firing with full stack gas cleaning, but at considerably higher technical and financial risk. Certain 
technologies are identified in the current assessment to be most suitable for Bulgarian lignites 
containing high levels of moisture, ash, and sulfur. However, the optimum design choices for 
low-quality lignite will change as progress is made in developing more advanced gas turbines, hot- 
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gas cleaning methods, and other technology improvements. Considering the present adequacy of 
Bulgaria's installed electrical generating capacity, after it has been rehabilitated to acceptable levels 
of availability, the time horizon for a baseload lignite-fired advanced power system will likely be 
delayed until these technical improvements have been fully developed and demonstrated to present 
an acceptable level of risk. However, guidance received from Bulgarian sources indicates that 
advanced technologies could possibly be considered sooner for 1) cogeneration at the Maritsa 
East 1 Station supplying steam to the briquetting factory and 2) installation of natural gas-fired 
peaking turbines that would later be converted to IGCC operation. 

Three advanced combustion technologies can be identified as offering unique advantages for 
a Maritsa East 1 cogeneration unit: 

CFBC offers the lowest risk and greatest flexibility for burning low-quality, high-ash, 
high-sulfur lignite with good turndown capability, high levels of sulfur and NO, control, 
and high sorbent utilization. 

A PFBC combined-cycle system operating on Bulgarian lignite is predicted to generate 
more than half of its power in the gas turbine, owing to the low level of in-bed heat 
transfer and high mass flow associated with high moisture. A simple and relatively low- 
cost PFBC system could be designed to generate limited amounts of power from high- 
moisture lignite using only a gas turbine without the steam turbine, sending all steam 
production to the briquetting plant. Interest in this approach depends on the relative 
power and steam load requirements and the economics of the simplified system. 

The MW Kellogg Company developed a transport reactor (a pressurized, circulating, fast 
fluidized bed capable of operating in both combustion and gasification modes) that it 
recommends for firing a gas turbine on Bulgarian lignite, with supplementary firing on 
natural gas. Supplemental firing would raise the turbine inlet temperature and provide a 
high incremental efficiency for the natural gas burned. Also, with somewhat narrow 
limits, the division of energy flow between power generation and steam for the 
briquetting plant could be adjusted by tempering with additional moisture in the transport 
combustor. The combination of tempering and supplemental firing represents a 
possibility for designing a system that would offer some flexibility to respond to both 
surge needs for electrical generation and changes in demand for steam at the briquetting 
plant. 

The installation of natural gas-fired turbine-peaking capacity, suitable for later conversion to 
IGCC, raises important design and cost questions that need to be considered when initially 
selecting the gas turbine; these concerns are summarized in the text of this handbook. A 
preliminary choice of gasifier and related gas-cleaning equipment should be made at the time the 
gas turbine is selected to ensure compatibility. Gasifier choice may depend on the planned time of 
IGCC conversion, assuming that hot-gas cleaning methods will be perfected for later conversion 
scenarios. The choice is probably restricted to oxygen-blown gasifiers in order to supply a suitably 
high heating value in the gas delivered to the turbine. For nearer-term conversion, an oxygen- 
blown, dry-feed, high-temperature gasifier, such as the Shell entrained-flow unit coupled with 
cold-gas cleaning, would provide assurance of meeting all requirements, including feeding the 
lignite, achieving high carbon conversions, providing stringent sulfur control, producing a benign 
disposable waste (slag), and providing a very clean medium-Btu gas (MBG) fully suitable for gas 
turbine combustion. Slurry feed gasifiers such as the Destec or Texaco designs are not 
recommended for the very high-moisture, high-ash Bulgarian lignites unless coal moisture has first 
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been irreversibly reduced by.drying at moderately high temperatures (240"-300°C) in steam or hot 
water. Dry-feed systems based on fluidized-bed gasifiers such as the Tarnpella/Institute of Gas 
Technology (IGT), Kellogg Rust Westinghouse (KRW), or high-temperature Winkler (HTW) units 
or on a Lurgi-type moving (fixed)-bed gasifier could also be designed using cold-gas cleaning, 
subject to fuel property requirements. For IGCC conversion at a somewhat later time, hot-gas 
cleaning methods could be used to advantage with either fluidized-bed or moving-bed gasifiers, 
based on a suitable combination of gas-cleaning methods, including tar cracking (for moving-bed 
gasifiers), in-bed and/or mixed-metal oxide sulfur control, alkali vapor capture, and porous 
ceramic particulate filtration to provide moderately clean MBG at potentially lower cost and higher 
efficiency. However, hot-gas cleaning also introduces complexities, as for example, where in-bed 
sulfur capture requires an auxiliary combustion unit to convert calcium sulfide to a disposable 
sulfate waste and where mixed-metal oxide or cracking catalysts require regeneration. 

In the more distant future, IGCC and PFBC technologies can be considered for baseload 
power generation fueled on Bulgarian lignite. The type of future IGCC system that will offer 
superior performance at low cost may be an air-blown fluidized-bed gasifier (using air from the gas 
turbine compressor) coupled with hot-gas cleaning. Other investigators have proposed a simplified 
air-blown moving-bed gasifier system as the basis for an optimum low-cost system. PFBC with 
hot-gas particulate filtration can be used along with auxiliary firing on either natural gas or coal 
carbonization gas, as developed by Foster Wheeler Energy Corporation (FWEC), to provide 
similarly high efficiency and emission control. 

REPOWERING WITH CIRCULATING WUIDIZED-BED COMBUSTION 

CFBC is a direct alternative to flue gas desulfurization (FGD) for new plants and a potential 
repowering technology option for the old. In the study performed by Overseas Bechtel, Inc., and 
others, it was determined that the boilers powering the Maritsa East 1 facility were past their useful 
life and needed replacement. Replacement with fluid-bed technology is a logical approach. Fluid- 
bed retrofits have been demonstrated to be technically and economically effective methods of 
extending plant life and regaining or expanding the capacity of the original boiler. Additionally, 
CFBCs have been successfully operated on a wide variety of fuels, some of even poorer quality 
than that of the Maritsa lignites. 

Vendor response indicated that a CFBC could be used to generate the electricity, steam, and 
hot water required to replace the Maritsa East 1 operating unit. A calcium-to-sulfur ratio of 3.0, 
equivalent of 0.6 pounds limestone per pound of coal, was recommended to meet the post-1995 
SO, emission standard. NO, would be controlled within the 1995 limits with no special control 
devices because of the inherently low NO, emissions from CFBCs. Particulate control would need 
to be accomplished using a baghouse or ESP. 

Based on the analysis of the Maritsa East 1 lignite and the experience of the EERC with 
similar fuels, it is believed that the SO, emissions could be achieved at a calcium-to-sulfur ratio 
lower than 3.0. Since high limestone feed rates impact both the capital costs of feed- and ash- 
handling systems and operating costs for reagent and ash disposal, pilot-scale testing of the Maritsa 
fuel is recommended as the basis for performing a detailed cost estimate for a CFBC system. A 
relatively inexpensive pilot test could save millions of dollars in unnecessary capital and operating 
expense. 
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BULGARIAN CLEAN COAL UTILIZATION 
TECHNOLOGY OPTIONS HANDBOOK 

1.0 INTRODUCTION 

The Energy & Environmental Research Center (EERC) is currently involved in a project 
funded by the U.S. Department of Energy (DOE) to introduce the Bulgarian energy sector to new 
clean coal technologies necessary to make use of indigenous lignite for least-cost electric power 
generation, briquette production, and reduced emissions. This handbook reviews the overall 
project objectives and discusses the original scope of work and the approach taken by the EERC in 
meeting the project objectives. The bulk of the handbook presents a review of technologies 
currently offered by U.S. vendors and the applicability of the technologies to Bulgarian fuels. A 
workshop hosted by the EERC will be the final step in transferring this information to the 
Bulgarian power sector. 

1.1 Project Objectives 

The two objectives of the project are as follows: 

To evaluate the clean coal technology options for Bobov Dol, Sofia, and Maritsa East 
lignite-based power generation and domestic heating fuel production (as impacted by 
operation of the Maritsa East 1 power plant and briquetting factory). Priorities for study, 
determined in consultation with Bulgarian energy agencies, emphasized near-term 
technical solutions applicable to existing lignite-fired plants. Technologies considered for 
the near term include coal cleaning, briquetting, and flue gas desulfurization (FGD) 
methods. Consideration was given to advanced power generation technologies, which 
were evaluated for the purpose of identifying opportunities for integrating near-term 
options into the long-term development of Bulgaria's lignite resource. 

To facilitate the transfer of U.S. clean coal technologies to meet Bulgaria's needs for 
power generation, domestic solid fuel, and reduced emissions at minimum cost. 

To accomplish these objectives, a scope of work was agreed upon by the EERC and DOE, 
based on input from Bulgaria. The main action items as outlined in the original scope of work are 
highlighted here. 

Acquire, review, and assess the various recent reports on Bobov Dol, Sofia, and Maritsa 
East lignites; power plant rehabilitation; and environmental strategies. 

Ascertain the current Bulgarian perspective on energy and environmental issues in relation 
to past studies. 

Assess and rank the various clean coal technologies for Bulgarian low-rank coals (LRC) 
in accordance with project objectives. 

Plan and implement a 2-day seminar/workshop to be attended by a small team of 
Bulgarian energy experts along with representatives from U.S. firms offering clean coal 
technologies or services. 



Prepare a working document for the U.S. Agency for International Development (AID) 
team containing an assessment of viable, near-term clean coal technology projects for the 
least-cost investment plan for Bulgaria. 

1.2 Approach 

The approach taken for this study included 1) reviewing the current condition of equipment 
and fuel in Bulgaria; 2) evaluating potential options; 3) selecting and contacting vendors; 
4) writing a draft report; 5) responding to issues from reviews by TOTEMA, Energoproekt, and 
DOE; and 6) hosting a workshop. The intent of this study was to constructively extend rather than 
duplicate the studies already performed, including the extensive study recently completed by 
Overseas Bechtel, Inc., TOTEMA, and Energoproekt in October 1993 (1). This handbook covers 
a large number of topics for the purpose of providing AID with a reasonably comprehensive action 
plan for future technical assistance and, in addition, provides a more detailed technical evaluation 
of selected topics. This work was performed in close cooperation with the Bulgarian firms 
TOTEMA and Energoproekt and DOE. 

A critical part of this study was the assessment of the current conditions of equipment and 
fuel in Bulgaria. This was performed by reviewing reports from sources such as the Trade and 
Development Agency (TDA), AID, World Bank (WB), and the Phare Program Project, as well as 
documents obtained directly from Bulgarian sources. A listing of those documents reviewed as a 
part of this project is provided in Appendix A. In addition to these documents, a letter was sent to 
both TOTEMA and Energoproekt requesting previous study reports applicable to the components 
of this study. Based on this information, an assessment of the general needs of the Bulgarian 
power industry as a whole and the specific needs of each power plant was generated. 

Evaluation of the technology options and vendor contacts were performed sirnultaneously. 
The EERC evaluated the following technology areas: 

Flue gas desulfurization 
Coal beneficiation 
Rehabilitation and life extension for existing boilers 
Particulate control 
NO, control 
Retrofit circulating fluidized-bed combustion (CFBC) 
Advanced power systems 
Fuel switching 

The approach was to evaluate the issues generic to any given technology, based upon the 
properties of the Bulgarian lignite. Based upon this generic evaluation, certain technologies were 
determined to be not applicable to the Bulgarian coal. Vendor contacts were made, and each 
vendor supplied information on technologies offered that may be applicable to the Bulgarian coals. 
The EERC utilized the information provided by the vendors, in addition to information available 
from other sources such as DOE or Electric Power Research Institute (EPRI) publications, to 
evaluate specific vendor technologies. This approach, going from generic to specific, is intended 
to help the Bulgarian energy planners understand the implications of using both a class of 
technology and individual differences between variations offered by various vendors. The specific 
approach taken for each technology option is provided in the section that discusses the technology. 



The selection of technologies for evaluation was based upon the initial generic assessment 
and input from the Bulgarians. The principal criteria used in selecting technologies were their low 
cost and feasibility for implementation. Advanced technologies such as integrated gasification 
combined cycle (IGCC) and pressurized fluidized-bed combustion (PFBC) were included at the 
request of the Bulgarians. These advanced power options are considered crucial in Bulgaria's 
long-term assessment of its energy needs. 

This final report for the project may be best described as a "Technology Options Handbook." 
The report provides a matrix of methods and problems relating to each of the technical areas 
previously identified. These methods are specifically discussed as they relate to the Bulgarian 
lignites, with the focus being the Maritsa East mine, which is the only low-cost source of 
indigenous Bulgarian coal. Those clean coal technologies that best meet the needs of the 
Bulgarians were identified. Additionally, the study deliberately avoided all-or-nothing approaches 
to meeting environmental regulations that reject technologies offering less than the approximately 
98 % sulfur removal efficiency required to meet international standards. 

In addition to the technical evaluation provided by the EERC, appendices containing vendor 
qualifications, technical information, and points of contact are supplied. The intent of these 
appendices are to provide the Bulgarians with a "buyer's guide" to U. S. technologies. 

1.3 References 

1. Overseas Bechtel, Inc. "Volume 1 : Power Complex Rehabilitation in Bulgaria, " final report; 
Committee of Energy: Bulgaria, TDA#9 1-735B-02, 1993. 
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2.0 BULGARIAN NATIONAL ENERGY PERSPECTIVE 

The nations of East Central Europe regained their political and economic freedom in 1989, 
ending nearly a half century of centrally planned economies under the hegemony of the former 
Soviet Union (FSU). These nations are now emerging from economic conditions marked by price 
distortions and a focus on heavy industry, isolation from world markets, and a lack of occupational 
health and environmental safeguards. Economic recovery, environmental restoration, and political 
stability, as well as eventual entrance into the European Community (EC), require a reordering of 
policies and priorities, including those bearing on energy and the environment. 

While in transition to democratic political structures and free markets, Bulgaria is emerging 
from postindependence recessions. The current gross domestic product (GDP) is US$2 1.4 billion 
and has declined 5.6% in 1992 and 2% in 1993. The embargo of Yugoslavia is a major factor in 
the GDP decline. Bulgaria's private sector share of GDP is 10%. Inflation continues to be high, 
more than 80% in Bulgaria in 1992. Unemployment also remains high, at nearly 16%. Per capita 
foreign debt is US$1366 for a total foreign debt of US$12.1 billion. 

2.1 Resources and Energy Supply 

The economy of Bulgaria is highly energy-intensive, with total energy use of 1.06 tons of oil 
equivalent (toe) per US$1000 GDP, compared to 0.3 tons for Organization for Economic 
Cooperation and Development (OECD) countries as a whole. Bulgaria is a net energy importer 
with very limited domestic resources of oil and gas, which were formerly supplied by the Union of 
Soviet Socialist Republics (USSR). Total energy consumption in Bulgaria is 0.95 exajoules (El). 
Energy use is down throughout the region since the peak in the late 1980s. The energy mix for 
electrical generation in Bulgaria is divided among thermal (52 %), nuclear (32 %), and hydro 
(16%). 

Political and economic reforms have changed the focus of energy policy from one of 
interdependence within the sphere of the FSU to self-reliance and movement toward integration 
into the EC. Subsidies and barter agreements among the East Central European nations have been 
largely discontinued. Demand for transportation fuel, in particular, is projected to increase, 
whereas energy demands for electricity, space heating, and heavy equipment are expected to 
remain level or show modest increases. Oil and gas imports from the FSU are troubled by political 
and economic uncertainty, declining production, and the aging production and transportation 
infrastructure. Upgrading and maintaining the oil and gas infrastructure and continuing 
exploration in the FSU will require a massive investment, mainly from foreign sources, estimated 
at more than US$10 billion dollars in the near term. An important overall policy goal of Bulgaria 
is to ensure a stable supply of oil and gas by diversification of sources, accelerated development of 
domestic resources, and upgraded infrastructure, including pipelines and processing and refinery 
units. Other high-priority goals include energy conservation, upgrading or decommissioning of 
facilities (particularly older nuclear and coal-fired power plants), and retrofitting of environmental 
control methods for remediating air, soil, and water pollution. 

East Central European governments, including Bulgaria, have moved to support joint 
ventures with foreign investors in sectors requiring significant capital investment, such as 
upgrading or expanding existing facilities, including those for transportation fuels and service, as 
well as for high-risk enterprises such as oil and gas exploration and production. Governments have 
retained control over energy supplies in matters such as pipelines, electrical generation and 
transmission, and import agreements. Private domestic ownership has included mining 



cooperatives, marketing and service businesses (including vehicle service stations), and support 
industries. 

2.2 Quality of Coal Resources 

In Bulgaria, proven reserves include 30 MM tons of higher-rank coal (mainly bituminous), 
which accounts for less than 1 % of annual production. LRC reserves stand at 3700 MM tons, of 
which two-thirds are available for surface mining. Half of the Bulgarian LRC reserves and three- 
quarters of the 35.3 million tons of LRC (mainly lignite) produced in 1988 are accounted for by 
the Maritsa East lignite deposit. The Maritsa East lignite bed, varying from 3 to 25 m in 
thickness, is high in moisture (49%-57 %), ash (30%-45 %), and sulfur (2.8 %-4.1% dry) and has 
a low heating value (LHV) (5-7 MJ/kg). The characteristics of the Maritsa lignite deposits are 
shown in Tables 2-1 and 2-2. In addition to the properties of the coal, the reduction levels of the 
major pollutants required to meet current and proposed standards are listed. Other mines of 
interest are those that serve the Bobov Do1 and the Sofia Stations. The properties of the coals from 
these two mines are presented in Tables 2-3 and 2-4. 

2.3 Electrical Generation 

Organization of the energy sector in Bulgaria prior to a November 1991 energy policy decree 
involved two vertically integrated government agencies for 1) oil and gas and 2) coal, heat, and 
electricity (the Committee on Energy [COE]). Since then, a number of government-owned - 

companies, including the National Electric Company (NEK), have been established. NEK is 
responsible for the generation, transmission, and distribution of electricity throughout Bulgaria. 

Bulgaria's demand for electricity decreased by 22 % between the peak year of 1988 and 
1992, reflecting a drop in industrial output, price increases, and capacity constraints. The installed 
generation capacity of 12,074 MW as of 1992 (52 % thermal, 32 % nuclear, and 16 % hydro) - 

should, in theory, provide a safe margin of excess capacity. However, the low operating reliability 
of coal-fired and nuclear plants and the reduced availability of hydropower in recent dry years have 
limited maximum load to about 60% of installed capacity, which is below the level of peak demand 
and has resulted in power outages. 

The only nuclear plant, located at Kozloduy, consists of four 440-MW units, commissioned 
between 1974 and 1980, and two 1000-MW units, commissioned in 1988 and 1991. All units have 
pressurized light-water reactors operating on slightly enriched uranium. The four older units do 
not meet International Atomic Energy Agency (IAEA) standards because of their lack of redundant 
cooling and containment, and they are slated for closure when alternative-power-generating 
capacity becomes available. The newer 1000-MW units meet international standards but require 
improvements in instrumentation and control. Necessary improvements in the Kozloduy plant are 
being funded by the European Bank for Reconstruction and Development (EBRD). 

Bulgaria has four major coal-fired generating plants at Maritsa East (2780 MW), Bobov Do1 
(630 MW), Varna (1260 MW), and Russe (340 MW). The Maritsa East complex operates on - 

large economic deposits of low-grade lignite containing very high levels of sulfur and ash. The 
Maritsa complex also produces briquettes for domestic heating that are somewhat fragile and 
subject to breakage and contain high percentages of sulfur. Bobov Do1 operates on low-quality 
subbituminous coal from uneconomic mines that are slated for eventual closure. Varna and Russe 

I operate on uncertain supplies of low-volatility anthracite coal imported from the Ukraine. Over 
60% of the coal-fired units have operated for more than 20 years and are candidates for 
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decommissioning or life extension. Coal supplies are limited in respect to both availability and 
quality. Uncontrolled sulfur emissions from plants burning high-sulfur lignite can reach levels of 
18 grams of SO,/Mcal (20 lb of SO,/MMBtu) or higher, requiring up to 98 % control to reach post- 
1995 requirements. The priority placed on sulfur control in the past has been low owing to the use 
of tall stacks for dispersion and the lack of local health effects. Plants at present have no provision 
for controlling NO,. Large boilers are equipped with electrostatic precipitators (ESPs) for 
particulate control, but significant improvements are needed to meet emission standards. The study 
on thermal power plant rehabilitation by Overseas Bechtel, Inc., Energoproekt, and TOTEMA 
completed in October 1993 under sponsorship of the TDA placed a high priority on improving unit 
reliability, selectively retrofitting units with advanced, wet FGD or spray dryer methods for sulfur 
control, enhancing particulate control by electrostatic precipitator (ESP) modifications or gas 
conditioning, constructing a circulating fluid bed (CFB) cogeneration boiler to supply steam for 
briquetting, and switching some units to higher-quality U.S. or Indonesian coals. 

Major hydropower plants are located at Chaira (735 MW), Rhodope (380 MW), and Arda 
(274 MW), with 84 smaller plants making up the remaining 580 MW of hydroelectric capacity. 
An additional 400 MW of capacity at Chaira is at or near commissioning. The availability of 
hydropower is estimated to be 1.9 terawatt hours (TWh) in dry years and 4.5 TWh in years with 
average precipitation, which represent only 11 % and 26%, respectively, of the annualized capacity 
(installed capacity x 8760 hours/year). The economically exploitable hydropower potential in 
Bulgaria is estimated to be 10-12 TWh. 

Electrical transmission in Bulgaria consists of a 200- and 400-kV grid, interconnected with 
the Ukraine by 750- and 400-kV lines and with Romania, Turkey, Greece, and Serbia by 400-kV 
lines. The largest interconnection, a 3150-MW capacity line with the Ukraine, carries relatively 
high-cost power (5.1CIkWh in 1991) both to Bulgaria and subsequently to Romania. Peaking 
power of up to 400 MW is imported from a gas turbine, combined-cycle plant in Turkey. Power 
exchanges with Greece and Serbia are more limited because of differences in electrical standards 
for frequency and voltage regulation that disallow synchronization between the West European 
Power Grid (UCPTE) system and the East European Power Grid (IPS) system, requiring power 
exchanges to operate on an "isolated island" principle. 

Hot water for heating is supplied to significant portions of urban populations in Bulgaria by 
central facilities that include cogeneration plants, central heating plants, and industrial heat 
sources. District heating accounts for 4120 million tons oil equivalent in Bulgaria (divided among 
coal, oil, and gas fuel sources). Significant energy losses occur because of heat radiation and 
leakage, excess fluid temperature, inadequate metering, and distorted fee structures. Where coal is 
used, district heating plants are a major source of particulate and gaseous emissions, which are of 
particular concern in urban settings. 

Policy goals include evaluation of district heating systems, elimination of subsidies, 
encouragement of individual heating systems, substitution of oil or gas for coal, and facility and 
infrastructure upgrading. Installation of cogeneration facilities based on advanced technologies are 
under way with the support of western governments and private industry. 

Briquettes made from LRCs are mainly a source of energy for domestic use. The Maritsa 
plant, east of Sofia, has a monopoly on production in Bulgaria with 1.5 million tons of briquettes 
produced from the high-sulfur lignite of the Maritsa East field. Briquettes are consumed 
domestically for household heating. Activities are under way to set environmental criteria for 
future production. 



TABLE 2-1 

Design Coal Analysis for Bulgarian Maritsa East 1 and 2 Lignite 
Coal Properties, "guaranteed values" As-Burned, % Moisture-Free, % Moisture- and Ash-Free, % 
Moisture 56.00-56.77 --- --- 
Ash 14.96-15.17 35.08 --- 
Lower Heating Value, kcallkg (Btullb) 1420 (2556) --- 
Higher Heating Value, kcallkg (Btullb) 1820 (3275) 4135 (7444) 6266 (1 1,279) 
Carbon 18.62-18.88 43.67 67.27 
Hydrogen 1.54-1.56 3.61 5.56 
Oxygen 5.56-5.64 13.04 20.09 
Nitrogen 0.33-0.33 0.77 1.19 
Sulfur 1.63-1.65 3.82 5.89 
Totals 98.64-100.00 100.00 100.00 
Emission Parameters - Standards for Plants > 50 MW SO, % Control NO, Ash Particulate % Control 
Uncontrolled Emission (assuming 100% emitted), IbIMMBtu (HHV)* 10.09 46.31 
Emission Standard for New Plants after 1992, IbIMMBtu (HHV) 0.48 95.2 0.45 0.15 99.68 
Standard for Old Plants on Bulgarian Coal, IblMMBtu (HHV) 2.60 74.2 0.74 0.07 99.84 

4 Standard for Old Plants on Imported Coal, IbIMMBtu (HHV) 1.48 85.3 0.97 0.06 99.87 
Ash Properties Analysis Median 
Composition, % ash 

Si02 35-50 42.5 
A1203 16-32 24.0 
Fez03 7-20 13.5 
CaO 2.5-5 3.8 
MgO 1.5-3.5 2.5 
Na20 0.2-0.4 0.3 
K2O 0.2-0.6 0.4 
so3 2.5-15 8.8 

Ash Fusion, Leitz in Oxidizing Atmosphere, "C (OF) 
Initial Deformation 1220- 1300 (2228-2372) 
Start of Melting 1260- 1300 (2300-2372) 
Start of Flowing 1280- 1300 (2336-2372) 

Ash Fusion, Bunte-Baum in Reducing Atmosphere, "C (OF) 
Initial Deformation 1050-1150 (1922-2102) 
Start of Melting 1 150- 1300 (2 102-2372) 
Start of Flowing 1200- 1400 (2 192-2552) 

* High heating value. 



TABLE 2-2 

Design Coal Analysis for Bulgarian Maritsa East 3 Lignite 
Coal Properties, "guaranteed values" As-Burned, % Moisture-Free, % Moisture- and Ash-Free 
Moisture 38.00-38.42 --- --- 
Ash 31.00-31.34 50.90 --- 
Lower Heating Value, kcallkg (Btullb) 1565 (2817) 
Higher Heating Value, kcallkg (Btullb) 1870 (3366) 3016 (5429) 6032 (10,857) 
Carbon 20.70-20.93 33.99 69.23 
Hydrogen 1.70-1.72 2.79 5.69 
Oxygen 3.30-3.34 5.42 1 1.04 
Nitrogen 0.50-0.51 0.82 1.67 
Sulfur 3.70-3.74 6.08 12.37 
Totals 98.90-100.00 100.00 100.00 
Emission Parameters - Standards for Plants > 50 MW SO, % Control NO, Ash Particulate % Control 
Uncontrolled Emission (assuming 100% emitted), IbIMMBtu (HHV)* 22.23 93.13 
Emission Standard for New Plants after 1992, lblMMBtu (HHV) 0.48 97.8 0.45 0.15 99.84 
Standard for Old Plants on Bulgarian Coal, IbIMMBtu (HHV) 2.60 88.3 0.74 0.07 99.92 
Standard for Old Plants on Imported Coal, IbIMMBtu (HHV) 1.48 93.3 0.97 0.06 99.94 
Ash Properties Analysis Median 
Composition, % Ash 

Si02 
A1203 
Fe203 

CaO 
MgO 
Na20 
K2O 
co3 

Ash Fusion, Leitz in Oxidizing Atmosphere, "C (OF) 
Initial Deformation 
Start of Melting 
Start of Flowing 

Ash Fusion, Bunte-Baum in Reducing Atmosphere, OC (OF) 
Initial Deformation 
Start of Melting 
Start of Flowine NA 

* High heating value. 
** Not available. 



TABLE 2-3 

Design Coal Analysis for Bobov Do1 Coal Mines 
Coal Properties, "guaranteed values" As-Burned, % Moisture-Free, % Moisture- and Ash-Free, % 
Moisture 
Ash 
Lower Heating Value, kcallkg (Btullb) 
Higher Heating Value, kcallkg (Btullb 
Carbon 
Hydrogen 
Oxygen 
Nitrogen 
Sulfur 
Totals 96.80-100.00 100.00 100.00 
Emission Parameters - Standards for Plants >50 MW SO, % Control NO, Ash Particulate % Control 
Uncontrolled Emission (assuming 100% emitted), IbIMMBtu (HHV)* 6.69 79.30 
Emission Standard for New Plants after 1992, IbIMMBtu (HHV) 0.48 92.8 0.45 0.15 99.81 
Standard for Old Plants on Bulgarian Coal, IbIMMBtu (HHV) 2.60 61.2 0.74 0.07 99.91 

\o Standard for Old Plants on Imported Coal, IbIMMBtu (HHV) 1.48 77.8 0.97 0.06 99.93 
Ash Properties Analysis Median 
Composition, % Ash 50-60 55.0 

Si02 23-30 26.5 
A1203 9-18 13.5 
Fe203 1-3 2.0 
CaO 1-4.5 2.8 
MgO NA** NA 
Na20 NA NA 
K20 0.8-3.5 2.2 
so3 

Ash Fusion, Leitz in Oxidizing Atmosphere, OC (OF) 
Initial Deformation NA 
Start of Melting NA 
Start of Flowing NA 

Ash Fusion, Bunte-Baum in Reducing Atmosphere, OC (OF) 
Initial Deformation 950- 1 150 (1742-2 102) 
Start of Melting 1 10- 1400 (20 12-2552) 
Start of Flowing 1400-1800 (2552-3272) 

* High heating value. 
** Not available. 



TABLE 2-4 

Design Coal Analysis for Sofia Coal Mines 
Coal Properties, "guaranteed values" As-Burned, % Moisture-Free, % Moisture- and Ash-Free, % 
Moisture 49.00-51.09 --- --- 
Ash 
Lower Heating Value, kcallkg (Btullb) 
Higher Heating Value, kcallkg (Btullb) 
Carbon 
Hydrogen 
Oxygen 
Nitrogen 
Sulfur 
Totals 95.90-100.00 100.00 100.00 
Emission Parameters - Standards for Plants > 50 MW SO, % Control NO, Ash Particulate % Control 
Uncontrolled Emission (assuming 100% emitted), 1bIMMBtu (HHV)* 8.42 
Emission Standard for New Plants after 1992, 1bIMMBtu (HHV) 0.48 94.3 
Standard for Old Plants on Bulgarian Coal, IbIMMBtu (HHV) 2.60 69.1 
Standard for Old Plants on Imported Coal, IbIMMBtu (HHV) 1.48 82.4 0.97 0.06 99.90 
Ash Properties Analysis Median - 

0 Composition, % Ash 
Si02 15-35 25.0 
A1203 8-12 10.0 
Fe203 5-12 8.5 
CaO 15-60 37.5 

MgO 1-3 2.0 
Na,O NA** NA 

K2O NA N A 
so3 10-20 15.0 

Ash Fusion, Leitz in Oxidizing Atmosphere, "C (OF) 
Initial Deformation NA 
Start of Melting NA 
Start of Flowing NA 

Ash Fusion, Bunte-Baum in Reducing Atmosphere, "C ( O F )  

Initial Deformation 1050- 1200 (1922-2192) 
Start of Melting 1100- 1400 (2012-2552) 
Start of Flowing 1400-1800 (2552-3272) 
* High heating value. 



Five major coal-fired power complexes exist in Bulgaria, with a total gross capacity of 
4840 MW. A summary of current conditions of each of these power plants and the current needs 
are reviewed in Section 2.5. The technology options presented in the remainder of this report is 
presented based on the needs identified in this section. The information compiled in this section 
was obtained from the study done by Overseas Bechtel, Inc., and from information supplied by 
Energoproekt and TOTEMA. 

2.4 Environmental Issues and Standards 

Past disregard for environmental protection under the centrally planned economies of East 
Central Europe prior to 1989 resulted in very severe pollution of air, soil, and water caused by 
energy extraction and processing, power generation, district heating, heavy industry, and 
transportation. Many of these problems are related to the use of fossil and nuclear fuels, 
particularly the use of coal. 

Bulgaria is a signatory to the.United Nations Economic Commission for Europe (UNECE) 
1979 framework convention for long-range reduction of transboundary air pollution and is a 
member of the related European Monitoring and Evaluation Program, which monitors emissions 
and transport of sulfur and nitrogen oxides, ammonia, volatile organic compounds, and 
photochemical oxidants. In addition, Bulgaria has moved toward much stricter source emission 
standards, similar to those in western Europe, in order to form a basis for affiliation with the EC. 

Emission standards vary considerably depending on the size of the source and whether the 
facility is new or existing or burning domestic or imported fuel. The standards given in Table 2-5 
are the lowest published levels found for large coal-fired boilers. The standards for SO, and NO, 
for new units are similar to those required by the EC, while the Bulgarian standards for plants 
existing before 1992 are less restrictive. Particulate standards are less stringent, owing perhaps to 
the high level of ash in the coals being burned. 

The coal-mining and power generation industries are endeavoring to improve their handling 
of land reclamation after open-pit mining, acid mine drainage, and disposal of coal preparation 
residues, combustion ash, and future FGD by-products. Problems of safety in nuclear power 
plants are being addressed under the IAEA guidance, but problems of interim storage and 
permanent disposal of nuclear waste remain largely unresolved. In addition, municipalities and 
heavy industry are beginning to address sources of inadequately treated sewage and chemical or 
heavy metal wastes that are polluting many rivers and some agricultural lands. 

The urgent need to remediate environmental problems is having to be balanced with other 
social and economic goals, including unemployment, energy supply, and privatization. 

2.5 Summary of the Condition of Bulgarian Power Plants 

Based on information provided by Energoproekt and TOTEMA and from the Power Complex 
Rehabilitation Project in Bulgaria report by Overseas Bechtel, Inc. (I) ,  the current status and needs 
of the power plants in Bulgaria have been identified. This information is summarized in this 
section and was used as the basis for the subsequent analyses. 



TABLE 2-5 

Environmental Regulations* 

EC** Bulgaria 

Pollutant mg/m3 g/GJ IbIMMBtu Coal Source New Units Existing Before 1992 

so2 400 114 0.30 Domestic 650 234 0.48 3500 1260 2.59 

Imported 650 234 0.48 2000 1260 1.48 

NO2 650 234 0.48 Domestic 600 216 0.44 1000 360 0.74 

Imported 600 216 0.44 1300 468 0.96 

Particulate 50 18 0.037 Domestic 100 36 0.074 200 72 0.15 

Imported 80 29 0.059 150 48 0.11 
+ 
w * For > 50-MW plants. 

** European Community. 



2.5.1 Bobov Do1 

Power Plant Name: Bobov Do1 

Gross Plant Capacity: 630 MW 

Number of Units: 3 front wall-fired, wet-bottom 

Gross Unit Capacity: 210 MW 

Years Commissioned: 1973, 1974, and 1975 

Current Fuel Source: Bobov Dol, subbituminous, 50% moisture- and ash-free (maf) 
volatile matter, 8800- 1 1,700 kJ/kg (3783-5030 Btullb) LHV, 
38%-46% ash, 16%-19% moisture, 1.6% sulfur 

Current Emissions: 8400 mg/Nm3 SO, 
605-620 mg/Nm3 NO2 

The most significant factor affecting plant operations is fuel shortages. Local coals are high 
in ash and sulfur and costly to mine. Other factors include air inleakage, induced-draft (ID) fan 
ash erosion, and boiler slagging. A recent study by Overseas Bechtel, Inc., has recommended that 
some combination of international bituminous steam coal or low-sulfur subbituminous coals from 
the Powder River Basin (PRB) of the United States or from Indonesia be imported to achieve full 
generation from the units at the Bobov Do1 Station. During the near term, at least, the imported 
coals would be blended with those from the local mines to maintain the existing job base. 
Achieving the capability for fuel flexibility and adequate blend quality is expected to require an 
upgrading of the existing coal receiving, storage, and handling facilities. The projected upgrade 
includes new equipment such as a rotary wheel stackerlreclaimer, feeders, scales, conveyors, and 
an on-line ash and sulfur analyzer. In addition, it has been recommended that boiler rehabilitation 
be performed on each unit at Bobov Dol, to include ID fans, flue gas recirculation (FGR) fans, 

I 
pulverizers, coal feeders, burners, instrumentation, control systems (CS), and ESP upgrading. The 
capability for good control of blend quality would allow a transition to higher proportions of 
imported coals as the boiler rehabilitation program progressed. 

All of the units at the Bobov Do1 Station are currently equipped with ESPs. The collection - 

efficiencies of these ESPs have been reported to be very low, ranging from 86.3 % to 97.8%, 
depending on operating conditions. Based upon the preliminary evaluation of the fuels under 
consideration for import, coal blending in even minor proportions could reduce particulate 
emissions below the maximum permissible limits using the existing equipment. Refurbishment 
would be required in order to ensure long-term reliability while achieving the 1995 standards. The 

I 
particulate emission limits will be 100 mg/Nm3 (dry and 6% 0,) for local coals and 80 mg/Nm3 for 
imported coals. In addition to the improvements in energization, rapping characteristics, and flue 
gas flow distribution, the ESPs at Bobov Do1 are expected to require the addition of another 

I 
electric field. Flue gas conditioning is also seen as a means of maintaining ESP performance for 
those instances where ash characteristics are especially troublesome. ! 



To meet the pre-1995 .SO, emission limit of 3500 mg/Nm3, it will be necessary to reduce 
current SO, emissions by nearly 60%. One option for reducing SO, emissions would be to blend 
the current fuel with a low-sulfur fuel such as those previously mentioned. Alternatives could 
include retrofit technologies such as furnace or duct injection or installation of conventional spray- 
drying or wet-scrubbing technology if emission trading/allocation options resulted in an economic 
incentive to do so. 

In order for new or substantially rehabilitated units to meet the post-1995 SO, emission limit 
of 650 mg/Nm3, it will be necessary to reduce current SO, emissions by roughly 93 %. One option 
would be to use a low-sulfur coal. However, there is socioeconomic pressure to continue using 
indigenous fuels. In this case, technology options are most likely limited to conventional wet- 
scrubbing technology. Alternative technology options may be considered where a salable by- 
product is produced, rather than a solid waste requiring disposal. 

The plant meets the pre-1995 NO, emission limit of 1000 mg/Nm3. However, a marginal 
reduction in NO, emissions would be required to meet the post-1995 NO, emission limit of 
600mg/Nm3. The reduction in NO, emissions required to meet the post-1995 emission limit is 
small and would most likely be met with burner upgrades and operational tuning. The use of NO, 
control technologies such as selective noncatalytic reduction (SNCR) and selective catalytic 
reduction (SCR) would only be considered if emission trading/allocation options resulted in an 
economic incentive to do so. Reducing NO, emissions is a lower priority than reducing SO, 
emissions. 

The following list includes all of the major items identified as those required to implement a 
complete rehabilitation of the boilers at the Bobov Do1 Station. The items are grouped by 
categories as identified in the recent Overseas Bechtel, Inc., study. 

Coal-handling systems: upgrade rotary wheel stacker/reclaimer, feeders, scales, 
conveyors, and related equipment 

On-line coal analysis: install on-line ashlsulfur analyzer 

Add metal detectors and separators, along with related equipment: replace current 
systems 

Boilers and Steam Flow 

Boilers and auxiliary equipment: upgrade ID fans and install new coal FGR fans 

Modify mills and burners: modifications to mills, classifiers, and burners and 
installation of new coal feeders 

Fuel oil systems: upgrade fuel oil flow and pressure measurement and control 



Ash and slag removal systems: complete systems required, with ESP hopper-level 
indicators selected for particular emphasis in the Overseas Bechtel, Inc., study 

Turbines and Feedwater Svstems 

Low-pressure cylinders: redesign and replacement required : 

Condenser: air inleakage testing and monitoring capabilities, fine screen for cooling 
water, and Taprogge (cleaning) systems required 

Feedwater chemistry control: complete system required 

Condensate polishing unit: complete system required 

Cooling towers: replacement of dewing equipment 

Boiler feed pumps: replacement of drives with hydraulics 

Makeup water system: total system upgrade 

Control Svsterns 

CS: complete system upgrade required, with automatic load change, fuel and air flow, 
steam and furnace pressure, mill temperature and pressure, reheat steam temperature, 
drum level, air heater temperatures, flame detection and safety equipment, and state- 
of-the-art event recorders selected for particular emphasis by the Overseas Bechtel, 
Inc . , study. 

Continuous emission monitor (CEM) and opacity monitors: complete systems required 

Electrical Svstems 

Generator temperature control: stator cooling packs required 

Voltage and frequency regulation: state-of-the-art automatic frequency and load CS 
required 

Outdated switchgear: state-of-the-art switchgear required 

Emergency power supply: backup diesel generators required 

Accumulator batteries: "dryfit" type and seismic supports required 

Switch yard: replacement of compressors, disconnection of switches, and 220-kV 
circuit breakers required 



Test ECIui~ment and Testing 

Generators: ultrasonic diagnostic system for synchronous generators 

Transformers: transformer oil analysis and cleaning equipment and testing of six 
transformers 

Condensers: leak detection equipment 

2.5.2 Varna 

Power Plant Name: Varna 

Gross Plant Capacity: 1260 MW 

Number of Units: 6 front wall-fired, wet-bottom 

Gross Unit Capacity: 2 10 MW 

Years Commissioned: 3 (1968-1969), 3 (1977-1979) 

Current Fuel Source: Ukranian anthracite, dry ball mills with subsequent fuel storage 
29,300 kJ/kg (12,597 Btu/lb) LHV, 12%-16% ash, 6%-8% 
moisture, < 0.5 % sulfur, 12%- 14 % volatile matter, ash fusion 
temperature of 1200 "C (2 192 " F) 

Current Emissions: 4100 mg/Nm3 SO, 
1880 to 2000 mg/Nm3 NO, 
290 mg/Nm3 particulate 

The most significant factor affecting plant operations is fuel shortages. Coal shipments are 
irregular and the quality is deteriorating. Other factors include superheater (SH) failures and ash 
erosion. The recent study by Overseas Bechtel, Inc., has recommended a major overhaul of the 
boilers at Varna. The suggested changes include conversion from a stored to a direct-fired system, 
conversion from wet- to dry-bottom furnaces, and upgrading ESPs. All of these rehabilitation 
activities would be geared toward allowing these units to accommodate a variety of low-sulfur 
imported coals, including international bituminous steam coals, Indonesian subbituminous coals, 
and PRB subbituminous coals from the United States. The study envisions the existing boilers 
operating on the current coal supply and the rehabilitated units using the new imported coals as 
they resume generation. 

All of the units at Varna Station are currently equipped with ESPs. Some of the ESPs have 
been in service for over 20 years, and all must be refurbished in order to meet the 1995 standards. 
These particulate emission limits will be 100 mg/Nm3 (dry and 6% 0,) for local coals and 
80mg/Nm3 for imported coals. Current thought indicates that the existing ESPs can be upgraded to 
meet the 1995 standards, while supporting the fuel flexibility advantages envisioned by the 
rehabilitation of the Varna boilers. Improvements in energization, rapping characteristics, and flue 



gas flow distribution are believed to represent adequate measures for these units. Flue gas 
conditioning is also seen as a means of maintaining ESP performance for those instances where ash 
characteristics are especially troublesome. 

To meet the pre-1995 SO, emission limit of 3500 mg/Nm3, it will be necessary to reduce 
current SO, emissions by nearly 15 %. One option for reducing SO, emissions would be to blend 
the current fuel with a low-sulfur fuel. Alternatives could include retrofit technologies such as 
furnace or duct injection. The installation of conventional spray-drying or wet-scrubbing 
technology may be appropriate if emission tradinglallocation options resulted in an economic 
incentive to do so. 

Current SO, emissions would need to be reduced by roughly 85 % to meet the post-1995 SO, 
emission limit of 650 mg/Nm3 for new and substantially rehabilitated units. One option would be 
to switch to a low-sulfur coal. Technology options are probably limited to conventional spray- 
drying or wet-scrubbing technology with continued use of the current fuel. Alternative technology 
options may be considered to produce a salable by-product rather than a solid waste requiring 
disposal. 

The current plant NO, emissions exceed the pre- and post-1995 NO, emission limits of 1000 
and 600 mg/Nm3, respectively. A 50% reduction in current NO, emissions is necessary to meet 
the pre-1995 limit, and a 70% reduction would be necessary to meet the post-1995 NO, emission 
limit. Switching to a low-sulfur, higher-moisture fuel should reduce NO, emissions. However, 
burner upgrades and operational tuning will also be necessary to meet NO, emission limits. The 
use of NO, control technologies, such as SNCR or SCR, will be necessary to meet NO, emission 
limits if anthracite continues to be the primary fuel fired in these boilers. The use of these NO, 
control technologies would only be considered if emission tradinglallocation options resulted in an 
economic incentive to do so. Reducing NO, emissions is a lower priority than reducing SO, 
emissions. 

The following list includes all of the major items identified as those required to implement a 
complete rehabilitation of the boilers at the Varna Station. The items are grouped by categories as 
identified in the recent Overseas Bechtel, Inc., study. 

Fuel Pre~aration and Handling 

Coal-handling systems: upgrade two unloading cranes and auxiliary equipment, and 
refurbish the conveyor 

On-line coal analysis: install on-line coal quality analyzer and related systems 

Metal detectors and separators, along with related equipment: replaces current system 

Boilers and Steam Flow 

Upgrade boilers and auxiliary equipment: conversion from wet- to dry-bottom 
furnaces, installation of membrane furnace walls and division wall, and installation of 
bottom ash removal system; removal of 33 % of reheat surface in Units 1-3, with 



addition and relocation of economizer surface required in all six units; modification of 
air preheaters required, along with duct modifications to allow FGR for mill drying. 

Modify mills and burners: conversion from stored to direct firing mode, replacement 
of pulverization system, and conversion to tangential firing 

Replace critical pipe: replacement of high-temperature piping, main steam and hot 
reheat lines, and pipe supports 

Turbines and Feedwater Systems 

Turbines: replacement of turbines on Units 1-3 

Low-pressure cylinders: redesign and replacement required on Units 4-6 

Condenser: air inleakage testing and monitoring capabilities, fine screen for cooling 
water, and Taprogge (cleaning) systems required 

High-pressure feedwater heaters: replacement required 

Boiler feed pumps: replacement of drives with hydraulics 

Demineralizer system: replacement required 

Turbine condensate polishing: new demineralizer for turbine condensate 

Water qualityltreatment: water analysis equipment replacement 

Control Systems 

CS: complete system upgrade required 

CEM and opacity monitors: complete systems required 

Generator temperature control: stator cooling packs required 

Voltage and frequency regulation: state-of-the-art automatic frequency and load CS 
required 

Outdated switchgear: state-of-the-art switchgear required 

Emergency power supply: backup diesel generators recommended 

Accumulator batteries: "dryfit" type and seismic supports required 



Switchyard: replacement of twelve 400-kV, 2000-amp, and six 220-kV, 2000-amp 
circuit breakers required 

Test Eauipment and Testing 

Transformers: transformer oil analysis, cleaning and drying equipment, and testing of 
ten transformers 

Condensers: leak detection equipment 

2.5.3 Maritsa East 1 (briquette f a c t o ~ )  

Power Plant Name: Maritsa East 1 (briquette factory) 

Gross Plant Capacity: 500 MW 

Number of Units: 6 front wall-fired, wet-bottom 

Gross Unit Capacity: 4-50 MW, 2-150 MW 

Years Commissioned: 1958- 1963 

Current Fuel Source: Lignite, Troyanovo 1 

Current Emissions: Identified as high with no other information available. 

The most significant factor affecting plant operations is equipment age. It was recommended 
in the recent study by Overseas Bechtel, Inc., that the existing units be decommissioned and this 
plant repowered with a 150-MW CFB. An alternative to repowering with a CFB would involve 
the use of pulverized coal-fired boilers with wet scrubbers for SO, control and low-NO, burners 
(LNB) for NO, control or a PFBC generating power in the gas turbine and steam for briquetting in 
the heat recovery steam generator (HRSG). 

2.5.4 Maritsa East 2. Older Units 

Power Plant Name: Maritsa East 2, older units (1-4) 

Gross Plant Capacity: 600-MW design, derated to 520 MW 

Number of Units: 4 front wall-fired, wet-bottom 

Gross Unit Capacity: 150-MW design, derated to 130 MW 

Years Commissioned: 1963- 1969 

Current Fuel Source: Lignite, Troyanovo 2, 5530-6710 Mlkg (2377-2882 Btullb), 
12%-23% ash, 52%-58% moisture, 1.7%-2.3% sulfur 



Current Emissions: 12,000- 13,000 mg/ Nm3 SO, 
1 100- 1300 mg/Nm3 NO, 
400-600 mg/Nm3 particulate 

The most significant factor affecting plant operations is fuel quality, specifically the presence 
of high moisture, sulfur, and ash. The high moisture is responsible for the derate indicated. A 
predrying system was originally used to reduce fuel moisture, but that system has been abandoned. 
Other factors include fuel availability because of processing and handling problems, economizer 
erosion, and lower furnace tube failures because of overtemperature. Flue gas from these four 
units is emitted along with flue gas from Units 5 and 6, through a single stack. 

All of the units at Maritsa East 2 Station are currently equipped with ESPs. The ESPs have 
deteriorated over the years and must be refurbished to meet the 1995 standards. These particulate 
emission limits will be 100 mg/Nm3 (dry and 6% 0,) for local coals and 80 mglNm3 for imported 
coals. It is currently believed that the existing ESPs can be upgraded to meet the 1995 standards. 
Improvements in energization, rapping characteristics, and flue gas flow distribution represent 
adequate measures for these units. Particulate control is also expected to be augmented by the 
recommended addition of wet scrubbers or other flue gas SO, control devices. 

To meet the pre-1995 SO, emission limit of 3500 mg/Nm3, it will be necessary to reduce 
current SO, emissions by 70%-75 %. The high levels of SO, control necessary to meet emission 
limits will require the installation of conventional FGD. Options may exist to use a combination of 
conventional spray-drying or wet-scrubbing technology. Alternative technology options may be 
considered where a salable by-product is produced rather than a solid waste requiring disposal. If 
emission tradinglallocation options exist, they may also play a role in the decision process. In 
order to meet the post-1995 SO, emission limit of 650 mg/Nm3, it would be necessary to reduce 
current SO, emissions by 95 % . Reducing SO, emissions at this plant has the highest priority. 

Current plant NO, emissions exceed the pre-1995 NO, emission limit of 1000 mg/Nm3. A 
10%-30 % reduction in current NO, emissions is necessary to meet the pre-1995 limit. Burner 
upgrades and operational tuning should adequately reduce NO, emissions to meet the pre- 1995 
limit of 1000 mg/Nm3. The use of NO, control technologies SNCR or SCR would be necessary to 
meet the post-1995 NO, emission limit of 600 mg/Nm3. Reducing NO, emissions is a lower 
priority than reducing SO, emissions. 

The following list includes all of the major items identified as those required to implement a 
complete rehabilitation of Units 1-4 at the.Maritsa East 2 Station. The items are grouped by 
categories as identified in the recent Overseas Bechtel, Inc., study. 

Addition of on-line coal analysis: on-line elemental analyzer and associated systems 

Replacement of metal separators 



Boilers and Steam Flow 

Upgrade boilers and auxiliary equipment: replace lower furnace waterwalls with high- 
temperature materials 

Modify mills and burners: increase mill capacity and upgrade .associated equipment 

Upgrade fuel oil systems 

Turbines and Feedwater Systems 

.Condenser: air inleakage detection equipment, new circulating water pumps, and ball 
tube cleaning system required 

Feedwater chemistry control: complete system required 

Condensate polishing unit: complete system required 

Boiler feed pumps: new condensate pumps and replacement of drives with hydraulics 
required 

CS: complete system upgrade required 

CEM and opacity monitors: complete systems required 

Electrical Svstems 

Generator temperature control: modification for forced cooling of front stator winding 
packs 

Voltage and frequency regulation: state-of-the-art automatic frequency and load CS 
required 

Ground fault protection: 100% rotor-stator ground fault protection system required 

Electrical fault recorder: replacement required 

2.5.5 Maritsa East 2. Newer Units 

Power Plant Name: Maritsa East 2, newer units (5-8) 

Gross Plant Capacity: 840 MW 

Number of Units: 4 front wall-fired, wet-bottom 



Gross Unit Capacity: 210 MW 

Years Commissioned: 1985-1990, Units 5-7 
Unit 8 is under construction 

Current Fuel Source: Lignite, Troyanovo 2 
5530-67 10 kJ/kg (2377-2882 Btullb), 
12 %-23 % ash, 52 %-58% moisture, 
1.7%-2.3% sulfur 

Current Emissions: 12,000- 13,000 mg/Nm3 SO, 
1 100- 1300 mg/Nm3 NO, 
400-600 mg/Nm3 

The most significant factor affecting plant operations is fuel quality, specifically the presence 
of high moisture, sulfur, and ash. Other factors include fuel availability because of fuel-handling 
and processing problems, economizer erosion, burner area ash erosion, and limited turndown 
capability (140 MW). Flue gas from Units 5 and 6 is emitted through a single stack along with 
flue gas from Units 1-4. Flue gas from Units 7 and 8 is emitted through a second stack. 

All of the units at the Maritsa East 2 Station are currently equipped with ESPs. The ESPs 
have deteriorated over the years and must be refurbished to meet the 1995 standards. These 
particulate emission limits will be 100 mg/Nm3 (dry and 6% 0,) for local coals and 80 mg/Nm3 for 
imported coals. It is currently believed that the existing ESPs can be upgraded to meet the 1995 
standards. Improvements in energization, rapping characteristics, and flue gas flow distribution 
represent adequate measures for these units. Particulate control is also expected to be augmented 
by the recommended addition of wet scrubbers or other flue gas SO, control devices. 

B 
In order to meet the pre-1995 SO, emission limit of 3500 mg/Nm3, it will be necessary to 

I reduce current SO, emissions by 70%-75%. The high levels of SO, control necessary to meet 
emission limits will require the installation of conventional FGD. Options include the use of 
conventional spray-drying or wet-scrubbing technology. Alternative technology options may be 
considered to produce a salable by-product rather than a solid waste requiring disposal. If 
emission tradinglallocation options exist, they may also play a role in the decision process. To 

- 

-- 
meet the post-1995 SO, emission limit of 650 mg/Nm3, it would be necessary to reduce current 
SO, emissions by 95 %. Reducing SO, emissions at this plant has the highest priority. 

The current plant NO, emissions exceed the pre-1995 NO, emission limit of 1000 mg/Nm3. 

I A 10%-30% reduction in current NO, emissions is necessary to meet the pre-1995 limit. Burner 
upgrades and operational tuning should adequately reduce NO, emissions to meet the pre-1995 
limit of 1000 mg/Nm3. The use of NO, control technologies SNCR or SCR would be necessary to 

I meet the post-1995 NO, emission limit of 600 mg/Nm3. Reducing NO, emissions is a lower 
priority than reducing SO, emissions. 

I The following list includes all of the major items identified as those required to implement a 
complete rehabilitation of Units 5-8 at the Maritsa East 2 Station. The items are grouped by 
categories as identified in the recent Overseas Bechtel, Inc., study. 



Fuel Pre~aration and Handling 

On-line coal analysis: on-line elemental analyzer and associated systems 

Metal separators: replacement required 

Boilers and Steam Flow 

Upgrade boilers and auxiliary equipment: replace economizer 

Mills and burners: upgrade of coal feed systems, mill performance, and associated 
equipment 

Furnace wall blowers: installation of water-medium wall blowers recommended 

Upgrade fuel oil systems 

Turbines and Feedwater Systems 

Turbines: replacement of existing speedlfrequency control system with modern digital 
electrohydraulic equipment 

Condenser: addition of fine screening for cooling water, addition of new tube cleaning 
system, and upgrade of existing equipment 

Feedwater chemistry control: complete system required 

Water quality: complete treatment facilities required 

Control Systems 

CS: complete system upgrade required 

CEM and opacity monitors: complete systems required 

Electrical Systems 

Generator temperature control: stator cooling packs required 

Voltage and frequency regulation: state-of-the-art automatic frequency and load CS 
required 

Test Eauiument and Testirg 

Generators: metal strap ring examination required 

Transformers: transformer testing required 



Condensers: leak detection equipment required 

Electric motor repair: VPI and related equipment required 

Other test equipment: equipment to test electrical machines and boiler tube weld 
quality test equipment required 

2.5.6 Maritsa East 3 

Power Plant Name: Maritsa East 3 

Gross Plant Capacity: 840 MW 

Number of Units: 4 front wall-fired, wet-bottom 

Gross Unit Capacity: 2 10 MW 

Years Commissioned: 1978-198 1 

Current Fuel Source: Lignite, Troyanovo 3, 5945 kJ/kg (2556 Btullb) LHV, 15% ash, 
56% moisture, 1.6%-2.4% sulfur 

Current Emissions: 12,000- 13,000 mg/Nm3 SO, 
1 100- 1300 mg/Nm3 NO, 
400-600 mg/Nm3 particulate 

The most significant factor affecting plant operations is fuel quality, specifically moisture, 
sulfur, and ash characteristic or parameters. Other factors include economizer erosion, SH and 
reheater (RH) overheating, furnace wall damage because of high ash loading and flame 
impingement, furnace slagging, and high furnace exit gas temperatures. 

All of the units at the Maritsa East 3 Station are currently equipped with ESPs. The ESPs 
must be refurbished in order to meet the 1995 standards. These particulate emission limits will be 
100mg/Nm3 (dry and 6% 0,) for local coals and 80 mg/Nm3 for imported coals. It is currently 
believed that the existing ESPs can be upgraded to meet the 1995 standards. Improvements in 
energization, rapping characteristics, and flue gas flow distribution represent adequate measures for 
these units. Particulate control is also expected to be augmented by the recommended addition of 
wet scrubbers or other flue gas SO, control devices. 

In order to meet the pre-1995 SO, emission limit of 3500 mg/Nm3, it will be necessary to 
reduce current SO, emissions by 70%-75 %. The high levels of SO, control necessary to meet 
emission limits will require the installation of conventional FGD. Options include using 
conventional spray-drying or wet-scrubbing technology. Alternative technology options may be 
considered to produce a salable by-product rather than a solid waste. If emission trading/allocation 
options exist, they may also play a role in the decision process. To meet the post-1995 SO, 
emission limit of 650mg/Nm3, it will be necessary to reduce current SO, emissions by 95 %. 



Reducing emissions at this plant has a high priority, but is secondary to reducing SO, emissions at 
Maritsa East 2. 

The current plant NO, emissions exceed the pre-1995 and post-1995 NO, emission limits of 
1000 and 600 mg/Nm3, respectively. A 10%-30 % reduction in current NO, emissions is necessary 
to meet the pre-1995 limit, and a 45%-55 % reduction would be necessary to meet the post-1995 
NO, emission limit. Burner upgrades and operational tuning should adequately reduce NO, 
emissions to meet the pre-1995 limit of 1000 mg/Nm3. The use of NO, control technologies, such 
as SNCR or SCR, would be necessary to meet the post-1995 NO, emission limit of 600rng/Nm3. 
Reducing NO, emissions is a lower priority than reducing SO, emissions. 

The following list includes all of the major items identified as required to implement a 
complete rehabilitation of the boilers at the Maritsa East 3 Station. The items are grouped by 
categories as identified in the recent Overseas Bechtel, Inc., study. 

Fuel Preparation and Handling 

Upgrade coal-handling systems: upgrade of conveyor system 

Modify on-line coal analysis: on-line coal quality analyzer and associated systems 

Replace coal-crushing equipment 

Replace metal separators 

Boilers and Steam Flow 

Upgrade boilers and auxiliary equipment: study and perform the replacement or 
modification of SH surface, redesign and replace economizer, study unit air inleakage, 
and modify air heater flow. 

Modify mills and burners: replacement of coal feeder and conveyor motors, upgrade 
of mill performance, and improvement of burner design 

Replace critical pipe: replacement of hot reheat and final feedwater piping and valves 

Furnace wall blowers: installation of water-medium wall blowers recommended 

Upgrade fuel oil systems 

Turbines and Feedwater Svstems 

Turbines: replacement of existing speedlfrequency control system with modern digital 
electrohydraulic equipment 

Condenser: recommission existing microsieves, upgrade water treatment, and repair 
condenser air leaks 



Feedwater chemistry control: complete system required 

Boiler feed pumps: replacement of drives with hydraulics and upgrade of associated 
equipment 

Control Svstems 

CS: complete system upgrade required, with flame detection, adjustment and safety 
equipment, mill biasing, mill temperature control, air-heater temperature and pressure 
control, and study of the existing air damper system selected for particular emphasis 
by the Overseas Bechtel, Inc., study. 

CEM and opacity monitors: complete systems required 

Electrical Svstems 

Generator temperature control: modification for forced cooling of front stator winding 
packs 

Voltage and frequency regulation: state-of-the-art automatic frequency and load CS 
required 

Test Equipment and test in^ 

Other test equipment: acquisition of nondestructive examination equipment 

2.5.7 Maritsa 3 

Power Plant Name: Maritsa 3 

Gross Plant Capacity: 170 MW 

Number of Units: 2 front wall-fired wet-bottom, 1 tangentially fired 

Gross Unit Capacity: 2-25 MW, 1-120 MW 

Years Commissioned: 25-MW units, 1954 
120-MW unit, 1971 

Current Fuel Source: Lignite, Mambas 

Current Emissions: 12,000- 13,000 mg/Nm3 SO, 
1 100- 1 300 mg/Nm3 NO, 

The most significant factors affecting plant operations are the age and condition of the units 
and the fuel quality. It has been recommended that the existing 25-MW units be decommissioned. 



Repowering options considered have included CFB and gas-fired boilers. The preference at this 
time appears to be gas-fired boilers because of poor fuel quality. 

In order for the 120-MW unit to meet the pre-1995 SO, emission limit of 3500 mg/Nm3, it 
will be necessary to reduce current SO, emissions by 70% to 75 %. The high levels of SO, control 
necessary to meet emission limits will require the installation of conventional FGD. Options 
include using a combination of conventional spraydrying or wet-scrubbing technology. 
Alternative technology options may be considered where a salable or usable by-product is 
produced, rather than a solid waste requiring disposal. If emission trading/allocation options exist, 
they may also play a role in the decision process. To meet the post-1995 SO, emission limit of 650 
mg/Nm3, it is necessary to reduce current SO, emissions by 95 %. 

The current plant NO, emissions exceed the pre-1995 NO, emission limit of 1000 mg/Nm3. 
A 10%-30% reduction in current NO, emissions is necessary to meet the pre-1995 limit. Burner 
upgrades and operational tuning should adequately reduce NO, emissions to meet the pre-1995 
limit of 1000 mg/Nm3. The use of NO, control technologies (such as SNCR or SCR) would be 
necessary to meet the post-1995 NO, emission limit of 600 mg/Nm3. Reducing NO, emissions is a 
lower priority than reducing SO, emissions. 

2.6 References 
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Committee of Energy: Bulgaria, TDA#9 1 -735B-02, 1993. 
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3.0 TECHNOLOGY SUMMARY 

A topical evaluation of available technologies was performed to constructively extend rather 
than duplicate the studies already performed, including the extensive study recently completed by 
Overseas Bechtel, Inc., TOTEMA, and Energoproekt in October 1993. These evaluations were 
divided into the following topical areas: 

Coal beneficiation 
Fuel switching and rehabilitation 
Emission control 
- FGD 
- Particulate control 
- NO, control 
Advanced power systems 
Repowering with CFBC 

In each topical area, available technologies were discussed in relation to their applicability to 
the current power situation in Bulgaria. A brief description of the logic used in gathering and 
preparing the information in each of the following sections is discussed in this section. The 
detailed discussion of each topical area follows in Sections 4.0 through 8.0. 

3.1 Coal Beneficiation 

The scope of this evaluation was limited to simple, low-cost conventional methods of 
crushing, screening, blending, and cleaning. Advanced methods of coal cleaning that involve more 
equipment and much higher costs are not believed to be applicable to Bulgarian coals, particularly 
lignites. The limited objective of this evaluation was to identify those methods that can provide 
significant incremental cost savings per reduction in sulfur and ash contents at high product yields 
as compared to other sulfur removal techniques. 

The EERC evaluated both the previous study reports and additional laboratory data to reach 
conclusions on the types of equipment and methods that could be used to implement cost-effective 
cleaning. Economic benefits determined by the EERC are based on avoided costs for sulfur 
control and the increased boiler availability and reduced maintenance estimated from the Bulgarian 
experience. 

3.2 Fuel Switching and Rehabilitation 

Previous study reports have recommended importing low-sulfur coal for use in some boilers 
burning high-cost Bobov Do1 subbituminous coal. Implementation is understood to depend on 
mitigating the social and economic impacts on miners in this region. The 1993 Bulgarian Power 
Complex Rehabilitation project reports a favorable cost-benefit analysis for coal imports, including 
coals from Indonesia and the U.S. PRB as leading candidates. This study reviewed the technical 
aspects of this cost-benefit analysis. 

The 1993 Bulgarian Power Complex Rehabilitation Project report (1) provides a detailed 
evaluation of the types of modification needed to improve the efficiency and availability of 



particular boilers throughout the Bulgarian coal-fired generating system. The current evaluation 
was limited to reviewing the findings from that report and soliciting information on relevant 
equipment and services from U. S. vendors. 

3.3 Emission Control 

3.3.1 Flue Gas Desulfurization 

The environmental impact of sulfur emissions in Bulgaria appears to be less than in most 
other countries in East Central Europe, in spite of the burning of lignites that have the highest 
sulfur levels in relation to heating value found anywhere in the world. The recommendations on 
FGD in past studies have been mixed, perhaps because regulatory requirements are still being 
defined and further because of the customary use of tall stacks, the lack of evident public health 
effects, and the many other urgent needs competing with FGD for scarce capital. The current 
evaluation reassesses in some detail the technical options offered by U.S. clean coal technologies 
against the background of Bulgarian coal properties (high sulfur and ash levels) and proposes a 
realistic scenario on phased implementation of sulfur controls. The assessment deliberately avoids 
an all-or-nothing approach that rejects technologies offering less than the approximately 98 % SO, 
removal efficiency needed to achieve international regulatory levels. 

3.3.2 Particulate Control 

Most boilers in Bulgaria are equipped with ESPs designed for high removal efficiencies, but 
actual performance typically falls below design specifications. Given the high ash content of the 
coals used, failure to meet design specifications can result in very large particulate emissions. The 
current study identifies remediation methods that can reliably ensure high removal efficiencies for 
the ESP designs represented. Performance data on operating temperature, collection efficiency, 
sparking, and back corona along with ash analysis and resistivity can be evaluated to determine the 
cause of below-design performance. Relevant upgrades may involve modifications to power 
supplies and related controls and possibly electrode design and spacing. Gas conditioning with SO, 
would not be anticipated to provide significant benefits for the high-sulfur coals being used, but 
dual conditioning with SO, and ammonia and other novel conditioning methods was surveyed. 
Higher-cost enhancements, such as precharging, are reviewed but are not expected to be required 
to meet the needs of the Bulgarian power industry. 

3.3.3 NO, Control 

The evaluation of NO, control technology assumed that combustion controls (CC) can be 
used to adequately meet near-term regulatory requirements. Because of the unique design of most 
Bulgarian boilers, it was assumed that standard U.S. low-NO, burner designs could not be installed 
without modification for use on Bulgarian boilers. Such modification would require additional 
investment and investigation by vendors and should not be considered prior to the tuning of various 
operating parameters; boiler tuning should be considered first. Additionally, boiler designs and 
operating methods for low-quality Bulgarian lignites have been optimized over time to achieve 
flame stability, carbon burnout, and ash deposition control, and changes made to achieve NO, 
control can be anticipated to impact these operating requirements. For units burning high-moisture 
lignite without predrying, the experience of RWE in Germany in burning relatively low-ash brown 



coal may provide some guidance for tuning Bulgaria's lignite boilers, but it is not expected that 
German experience will be directly transferable because of the differences in coal properties. In 
this evaluation, U.S. and European combustion control technologies were surveyed to identify the 
combustion control parameters that appear to be applicable to Bulgarian coals and particularly to 
Maritsa East lignite. Combustion control measures specifically applicable to the Bulgarian boilers 
were recommended. 

3.4 Repowering with Circulating Fluidized-Bed Combustion 

CFBC has been identified as a technology of choice for retrofit applications using high-ash, 
high-sulfur coals, such as the aging boilers at the Maritsa East 1 plant. The current evaluation 
reviews the impacts of fuel properties on performance and presented conceptual design 
specification for a CFBC designed to operate on Maritsa East lignite. 

3.5 Advanced Power Systems 

The future contribution of advanced coal-fired power technologies to the Bulgarian power 
industry was considered in the context of using turbine combined-cycle systems fired with imported 
natural gas to meet near-term requirements for low-emissions generating capacity obtainable at a 
relatively low capital cost. Later addition of coal gasifiers would be considered for converting to 
an IGCC system when the capital and operating costs favor such conversion. PFBC was also 
included in the current evaluation. 

The objective of the current evaluation was to identify the unique process requirements 
involved in gasifying Bulgarian coals, particularly Maritsa East lignites characterized by very high 
levels of moisture, ash, and sulfur. Very little test data are available on the gasification, by any 
method, of this extremely low-quality coal. Problems can be envisioned in every type of 
commercial gasifier, including entrained-flow, fluidized-bed, and fixed-bed designs. The potential 
problems carry forward from the gasifier into sulfur recovery and particulate CS, whether they 
involve hot-gas- or cold-gas-cleaning methods. 

The approach in this evaluation was first to lay out a matrix of the potentially applicable 
methods and the anticipated problems and then to survey vendors to assess the capabilities of 
currently available commercial equipment to address these problems. 

3.6 Vendor Contacts 

To enhance the usefulness of this Technology Options Handbook, the EERC solicited 
relevant information from U.S. equipment vendors and energy firms that supplied goods or 
services in each of the major topical areas. Each vendor was contacted by phone to determine the 
company's level of interest. If a company expressed interest in participating in this study, the 
company was sent a letter detailing the current energy situation in Bulgaria. These letters also 
outlined specific information that would be useful to this study. The information received was then 
incorporated into the appropriate section of this report. Table 3-1 lists the vendors contacted in 
each of the topic areas and whether they responded with information. 



TABLE 3-1 

Bulgarian Clean Coal Utilization Project - Vendor Information 
Information 

Not Interested Received 

Deutsche Babcock Riley International, Inc. 

Combustion Power Company 

ABB-CE 

Foster Wheeler Energy Corporation 

Pyropower Corporation 

Tampella Power 

DESTEC Engineering, Inc. 

Texaco 

Institute of Gas Technology 

Lurgi Corporation 

Uhde GmbH 

ABB Combustion Engineering, Inc. 

Shell International Petroleum Company 

MW Kellogg Company 

Dakota Gasification Co. 

ARC0 Coal Company 

Caballo Rojo, Inc. 
Westmoreland Resources, Inc . 
Cyprus Coal Company 

Kennecott Energy Company 

Overseas Bechtel, Inc., Corporation d 
Knox Broom 

Morrison JSnudsen Corporation J 
Stone & Webster Engineering Corporation 

Applied Power Associates, Inc. 

Bibb and Associates, Inc. 

Black & Veatch 

Bums & McDonnell 

Gilbert/Commonwealth, Inc. 

HDR, Inc. 

ICF Kaiser Engineers J 
Parsons Brinckerhoff, Inc. J 



TABLE 3- 1 (continued) 

Information 
Not Interested Received 

m c m m  & m G m G  l!mM.s (cantintlt!tX) 
Parsons Main, Inc. 

Raytheon Engineers & Constructors, Inc. J 
Sargent & Lundy 

STVISanders & Thomas 

Tippett & Gee, Inc. 

ElWEROMMEmAL CQNT3ROL SYSTEMS 
ABB Environmental Systems, Inc. 

ABB Combustion Engineering, Inc. 

Burns & McDomell 

Raytheon Engineers & Constructors, Inc. 

Pure Air 

Wheelabrator Air Pollution Control 

Environmental Elements Corporation 

Black & Veatch 

Stone & Webster Engineering Corporation 

Sargent & Lundy Engineers 

GE Environmental Services, Inc. 

Research Cottrell 

Babcock & Wilcox Company 

UpG.RA.DE COAL-HANDLXNG SYSTEM , 

CLI Corporation J 
Brechbuhler Scales, Inc. 

FMC Corporation 

T. J. Gundlach Machine Company 

Hey1 & Patterson, Inc. 

Interstate Equipment Corporation 

McNally Wellman 

Montague Systems, Inc. 

Pennsylvania Crusher Corporation 
Roberts & Schaefer Company 

TAMS Consultants, Lnc. 

ON-LINE COAL AnTA3LYSIS EQUXPMEMT 
Garnma-Metrics J 
Process Technology, Inc. 

Science Applications International Corp. J 



TABLE 3- 1 (continued) 

Not Interested Received 
* 

UPGRADE BQlUB§ AND AXKIUARY EQWMEm 
ABB Combustion Engineering Systems J 
Babcock & Wilcox J 
Barron Industries, Inc. 

Foster Wheeler Corporation 
Riley Stoker Corporation 

VPGRBZTE MILLS BZTRNERS SYSTEMS 
Peabody Engineering Company 

Stock Equipment Company 

Fuller-MPD 

ABB Raymond 

Diamond Power Specialty Company 

Carnot 
Hays Republic Corporation 

Honeywell Incorporated 

Honeywell Incorporated 

Datatest 

Anarad, Inc. 

Land Combustion 

GAR International Corporation 

Western Branch Diesel, Inc. 

SSR Engineers, Inc. J 
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4.0 COAL BENEFICIATION 

4.1 Introduction 

The primary goal of coal cleaning is improvement in environmental performance. Reduction 
in ash content can also benefit boiler tube life and cleanliness by reducing erosion and deposition. 
Coal sulfur that is not removed before utilization reacts with oxygen to form sulfur oxides 
(primarily SO,) or, when gasified, to form hydrogen sulfide (H,S). Without emission controls, 
both are ultimately emitted to the atmosphere as SO,. 

Coal, in general, contains two major forms of sulfur: pyritic and organic. The mode of 
association of the sulfur within the coal structure controls the method or mechanism of sulfur 
removal. Organic sulfur is chemically bound within the carbon matrix and is amenable to 
liberation by thermal (such as pyrolysis), chemical, or bacteriological treatment. Pyritic sulfur, on 
the other hand, is dispersed as a discrete mineral (pyrite). Physical cleaning methods which rely 
on density or surface property differences are effective for separating pyrite from the carbonaceous 
matter in the coal. Depending upon the degree of liberation, or more exactly, the size of the pyrite 
in the coal, physical cleaning may be performed more or less efficiently and economically (1-3). 

Preliminary steps to be followed in determining if a coal would benefit from cleaning are as 
follows: 

Determine product specifications and acceptable ranges specifically for ash, heating value, 
sulfur content, total moisture, and top particle size 

Determine approximate, effective separating gravities necessary to achieve desired 
product quality 

Perform preliminary economic comparison for the most attractive alternatives 

Evaluate data and consider operating factors, such as ease of operation and maintenance, 
level of sophistication, potential plant availability, and operator acceptance 

The most common coal-cleaning criterion is related to the difference between the ash content 
of the feed to the cleaning plant and the desired ash content of the product. If the difference is 
negative; i.e., the raw coal is already below the clean coal ash specification, no cleaning will be 
required. It should be remembered that economics will favor cleaning the minimum amount of 
coal. Yield losses start as soon as coal is wetted and/or allowed to pass through any kind of 
separator. 

The EERC has demonstrated that low-ash, low-sulfur, high-heating value fuels can be 
produced from LRCs by employing beneficiation techniques that include physical and chemical 
cleaning, hydrothermal treatment, and aggregation. Using laboratory-scale physical cleaning 
techniques, three Bulgarian lignites were characterized via chemical analysis, and one select lignite 
was subjected to crushing/screening and then physically cleaned to reduce the concentration of 
undesired mineral constituents. 



4.2 Major Separator Selection Criteria 

Commercial gravitydependent coal-separating devices can be categorized into the following 
major groups: dense-media separators, pulsed-water separators, constant-velocity water 
separators, and pneumatic separators. Figure 4-1 shows the coal sizes treated in each of the major 
equipment types. A brief description for each device is given below. In general, most of the 
cleaning devices require a coal particle size larger than 0.2 mm. Coarse coal cleaning can be 
accomplished by using devices such as jigs and dense-media vessels. Intermediate coal sizes can 
be cleaned using jigs, tables, or dense-media-based devices. Fine-coal cleaning is indicated by 
only froth flotation, which is a technique that relies on coal sulfate chemistry rather than gravity 
separation. Other fine-coal-cleaning systems are being researched; however, they have yet to be 
commercialized. 

Commercial coal separators have a definite specific gravity (s.g.) range within which they 
operate most effectively. Most separators can be made to operate outside this range, but 
significant yield losses or unacceptable increases in operating costs are the rule when this occurs. 
Figure 4-2 shows that water-only processes such as jigs, tables, and spirals are most efficient at 
effective separating gravities above 1.55. Alternatively, dense-media vessels are rarely operated 
above 1.70 s.g. because of higher magnetite consumptions, increased viscosity effects, and a 
general lack of separable gravity material at gravities of 1.70 and higher. It is difficult to justify 
the added costly dense-media processing at this gravity when there is often no measurable yield 
increase compared with a jig. The EERC has investigated the cleaning of numerous low-rank coals 
by froth flotation with limited success (4). Therefore, this technique is currently viewed as not 
feasible for upgrading the Bulgarian lignite. 

.001 .O1 .I 1 .o 10 100 
Coal Particle Size, mm 

Figure 4-1. Particle size vs. various cleaning devices. 
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Figure 4-2. Specific gravity vs. various cleaning devices. 

Pneumatic separators, such as air tables or jigs, operate best as "deshalers." They tend to 
produce a refuse that includes very little coal at the expense of a clean coal that contains moderate 
amounts of refuse. As a result, they operate best at elevated separating gravities (above 1.80). 

In order to classify the various cleaning procedures further, three levels of cleaning were 
identified according to plant complexity and application (1). Each type of plant includes size 
separation equipment to classify the coal prior to cleaning. The defined levels are as follows: 

Level 1 - Coarse coal (+ 12.7 mm) cleaning using water-based processes. This type of 
plant has no treatment of fine or intermediate-sized (12.7 x 0.15 mm) coal. 

Level 2 - Coarse coal cleaning using heavy media, followed by water-based cleaning of 
finer fractions. 

Level 3 - Coarse and fme fractions cleaned using heavy-media-based devices. In 
addition, material below 0.15 mrn would be cleaned by advanced methods such as froth 
flotation. 

4.3 Results from Washability Studies on Maritsa Lignite 

A short proximate and chemical analysis and sulfur forms analysis were used to characterize 
the three Bulgarian lignites. The short proximate analysis included moisture, ash, sulfur, and 
heating value. Sulfur forms analysis identified the pyritic, organic, and sulfatic sulfur 



concentrations. The results were used to determine which sample would be the most suitable for 
physical cleaning. 

A jaw crusher was used to crush the lignite sample selected for cleaning; this method was 
used to minimize the production of coal fines. The crushed lignite was bottom-sized by dry 
screening prior to physical cleaning. The sized lignite was subjected to static float-sink 
(washability) analysis using Certigrav, which consists of perchlorethylene, aliphatic napathas, and 
toluene true s.g. solutions. The clean coal fractions were washed with ethanol to remove residual 
Certigrav solution and then washed with water to remove the residual ethanol. 

The Bulgarian lignite analyses are presented in Table 4-1. The lignite samples analyzed 
were characterized by their low as-received heating values (3300 to 3800 Btullb), high moisture 
contents (> 50 wt%), high ash contents (28 to 37 wt%, moisture-free), and high theoretical sulfur 
dioxide emissions (8 to 14 lb SO,/MMBtu). The sulfur in the lignite samples occurred 
predominantly in organic form. 

Based on the results of analysis, it was concluded that the Maritsa East Sample No. 3 had the 
best potential to produce a low-sulfur upgraded fuel, assuming that pyritic sulfur would be 
substantially liberated by crushing and separated during physical cleaning. The sulfur in this 
candidate coal was 33.5 wt% pyritic. 

A fraction of the Maritsa East Sample No. 3, sized to -6.35 X 0.84 rnm, was cleaned at 
1.3, 1.4, and 1.6 s.g.. The direct and cumulative washability results, as determined from short 
proximate analysis, are presented in Tables 4-2 and 4-3, respectively. The analysis of the "head" 
(-6.35- x 0.84-mm feed) fraction subjected to cleaning is also included. 

The results indicate that the Maritsa East Sample No. 3 lignite is very amenable to ash 
reduction by wet physical cleaning (see Tables 4-2 and 4-3). However, at a s.g. of 1.3, where the 
BN recovery is 72 %, the sulfur content of this clean fraction is approximately a half percentage 
point higher than that of the starting head fraction (3.9% vs. 3.4%). The cleaned fraction at 1.3 to 
1.6 s.g. contains 65 wt% of the sulfur originally present in the feed coal, compared to 72% energy 
recovery. Normalizing to a heat content basis (see Table 4-3) indicates that the theoretical SO, 
emission levels (IbIMMBtu) for the cleaned fractions are between 10% and 18% lower than the 
value for the head fraction, but only 0% to 6% lower than for the parent coal sample before 
screening (Table 4-1). The conclusion drawn from these results is that gravity cleaning could be 
justified on the basis of ash reduction but not for sulfur removal. 

Based upon the washability results, dense-media treatment could be considered for ash 
reduction. To generate sufficient product yield, 1.4 gravity separation would be required. Dense- 
media separators use a slurry combination of finely ground magnetite (95 % -50 pm) and water as 
the separating medium. The desired s.g. is achieved by adding the magnetite to water. The clean 
coal particles float to the surface, and the reject coal particles sink to the bottom of the vessel. 
These cleaning systems are efficient down to 6-mm coal particles. Below this size, the viscosity 
effects of the medium restrict free settling and thus inhibit the separation. Dense-media cyclones 
were developed to improve the operating range. Higher gravity forces can be achieved by means 
of the cyclone, and the normal bottom size being effectively separated can be expanded to 0.6 mm 
and, in some rare cases, to 0.15 mm or lower. A preliminary economic evaluation using costs 



TABLE 4-1 

Short Proximate, Theoretical SO, Emissions, and 
Sulfur Forms Analysis for ~ u l g a r i h  Lignite Samples 

Maritsa East Maritsa East ' Maritsa East 
Coal Sample Sample No. 1 Sample No. 2 Sample No. 3 

AR1 mf- AR m f AR m f 
Short Proximate 
Moisture, wt% 52.50 -- 56.10 -- 54.10 -- 
Ash, wt% 16.65 35.05 12.31 28.02 17.02 37.06 

Sulfur, wt % 2.60 5.47 2.04 4.63 1.53 3.32 

Heating Value, Btullb 3610 7610 3860 8780 3380 7360 

Theoretical SO, Emissions, 
IblMMBtu 14.0 13.0 7.80 

Sulfur Forms. 
Pyritic 0.85 1.78 0.57 1.29 0.46 1 .O1 

Organic 1.60 3.37 1.47 3.33 1.05 2.28 

Sulfatic 0.08 0.17 0.06 0.14 0.07 0.14 

Total 2.53 5.32 2.10 4.76 1.58 3.43 

As-received. 
Moisture-free. 
Analysis on separate sample by different laboratory. 

TABLE 4-2 

Direct Washability Results for Maritsa East No. 3 
(moisture-free) 

Recovery, % 

Weight Btu Btullb Ash, % Sulfur, % lbSO,/MMBtu 

Float @ 1.3 54.5 72.0 10,460 11.7 3.85 7.36 

Float Q 1.3-1.4 10.9 10.5 7630 34.2 3.39 8.89 

Float @, 1.4-1.6 19.0 12.0 5010 53.2 2.41 9.62 

Sink @, 1.6 15.6 5.5 2770 69.5 2.00 14.4 



TABLE 4-3 

Cumulative Washability Results for Maritsa East No. 3 
(moisture-free) 

Recovery, % 

Weight Btu Btullb Ash, % Sulfur, % lb S0,IMMBtu 

Float @ 1.3 54.5 72.0 10,460 11.7 3.85 7.36 

Float @ 1.4 65.4 82.5 9990 15.4 3.77 7.55 

Float @ 1.6 84.4 94.5 8870 23.9 3.47 7.82 

Total 100 100 7920 31.0 3.24 8.18 

6.35- X 0.84-mm Feed 100 100 7640 32.2 3.43 8.98 

developed for U.S. lignites was performed for a prospective commercial cleaning facility for 
Maritsa East lignite. The plant design included coal receiving, cleaning circuits, coal drying, 
product loadout area, and a coal refuse facility (1). The cleaning cost per ton is estimated to be 
US$lO/ton. Based on cleaning efficiencies and cost, it is doubtful that commercial coal cleaning 
could be justified for the Maritsa East lignite. 

4.4 References 

1. ICF Kaiser Engineers, Inc. "Coal Cleaning Cost Model," final report to Electric Power 
Research Institute for Project 1400-06; EPRI TR 10 1025, March, 1993. 

2. Leonard, J.W., Ed. Coal Preparation, 5th ed.; Society for Mining, Metallurgy, and 
Exploration, Inc. : Littleton, CO, 1991. 

3. An Overview of U. S. Federal Coal Preparation Research; U. S. Department of Energy Office 
of Fossil Energy: Pittsburgh Energy Technology Center, March 1994. 

4. Musich, M. A.; Anderson, C.M. ; DeWall, R. A. "Beneficiation of Low-Rank Coals," final 
technical progress report for the period April 1, 1986, through Dec. 3 1, 1992, for U.S. DOE 
DE-FC2 1 -86MC 10637; EERC Publication, 1992. 



TABLE OF CONTENTS 
Section 5.0 

REHABILITATION AND FUEL SWITCHING 

5.0 REHABILITATION AND FUEL SWITCHING . . . . . . . . . . . . . . . . . . . . . . . . . .  
5.1 Recommendations for Rehabilitation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5.1.1 First Priority . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5.1.2 Second Priority . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.1.3 Third Priority 
5.1.4 Fourth Priority . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5.1.5 Recommended Environmental Projects . . . . . . . . . . . . . . . . . . . . . . .  

5.2 Fuel Switching at Varna and Bobov Do1 . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5.2.1 PRB Coal Analyses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5.2.2 Fuel Switching at Bobov Do1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5.2.3 Fuel Switching at Varna . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



5.0 REHABILITATION .AND E'UEL SWITCHING 

Rehabilitation consists of a wide variety of improvements including improved efficiency, 
increased net capacity, reduction in air emissions, and reduction of forced and planned outages, 
which may or may not extend the life of existing equipment. Measures to extend the physical life 
of existing equipment are often considered a special category of rehabilitation. Power plants that 
were originally designed for 30 years of operation have no absolute limit to their useful life if they 
are properly operated and maintained. 

Some components, such as superheaters, reheaters, and other steam generator components, 
usually have to be replaced more frequently than every 30 years because of severe cycling 
conditions such as reduced flow and overheating during start-ups. In addition, the high ash content 
of the Bulgarian coals indicates that these components are often subjected to ash erosion. Units 
operating at higher pressures and temperatures are also subject to high-temperature creep. The 
combination of all these factors can lead to shorter life and early replacement. 

Turbine components are also subject to damage and wear. Typically, steam path elements 
must be repaired about every 5 years to maintain efficiency and capacity. The effects of 
longer-term stresses, due to steam and metal temperature differentials and rapid rates of cooling 
and heating, can lead to casing cracks and damaged seals. Condensers and feedwater heaters are 
subject to erosion and corrosion and usually require periodic tube replacement. 

During the 1970s and early 1980s, many utilities in the United States were faced with 
financial difficulties that did not allow them to build large, new power plants as they had in the 
past. Many units were reaching the retirement age, but the utilities still needed them. The utilities 
realized that they could refurbish these units to keep them running for an additional 10 to 15 years 
at a fraction of their replacement cost. Many utilities conducted life extension studies to evaluate 
remaining life potential and the components needing to be replaced. 

With rehabilitation, the following issues must be considered: 

Evaluation of the condition of existing equipment is critical to estimating rehabilitation 
costs. 

Rehabilitation choices often involve a multitude of small interrelated improvements. 

The implementation of a rehabilitation program is intimately related to the management of 
plant operations and maintenance. 

These characteristics require that considerable effort be expended in understanding the 
condition of existing equipment based on good performance data and inspection reports. 

Many problems identified may not be solved by a single modification. For example, a 
reduction in waterwall tube failures could require the replacement of damaged tube sections, 
addition or improvement of condensate and feedwater system equipment, improvement of 
condensate and feedwater system monitoring equipment and operating procedures, improvement of 
sootblower maintenance and air supply, and improved boiler operations and controls. Correcting 



one of these items may only temporarily improve unit availability; however, in the long-term, 
failures will begin to reoccur because of the contribution of the other causes that were not corrected 
by the modifications made. 

The EPRI has published guidelines to help utilities use the best and most cost-effective 
methods for rehabilitation efforts. EPRI developed a three-stage approach to life assessment 
studies, proceeding from the least costly to the most costly methods. Level I studies involve 
examination of plant records and simple visual inspections. Level I1 tests involve stress 
calculations and more detailed visual and nondestructive examinations, and Level 111 examinations 
involve removal of metal specimens and samples along with destructive tests to accelerate the aging 
process and verify remaining life. The methodology is very detailed and thorough. However, in 
most cases, it involves techniques that have long been used to determine metal condition, such as 
dye penetrant tests, radiography, and metallographic inspection. Detailed computer programs have 
been developed to analyze the effects of thermal and physical stresses over time and their 
cumulative effects. 

Four major steps are necessary to accomplish a life assessment plan: 

Gather plant data 

- List all major systems in the plant and divide the systems into components 

- Evaluate the historical condition of the unit and its key components and assess the 
present operational characteristics using plant data 

- Investigate other sources of equipment information to supplement plant records when 
required 

Rank equipment 

- Choose an equipment-ranking procedure 
- Perform a systematic ranking 

Prioritize equipment replacement 

- Establish initial equipment priority 

Develop a schedule and estimate costs 

- Establish a schedule and projected costs for refurbishment of the unit 

Energoproekt, TOTEMA, and Overseas Bechtel, Inc., have completed this phase. Detailed 
results are presented in the comprehensive report entitled "Power Complex Rehabilitation Project 
in Bulgaria," published in October 1993. This project reviewed 12 power plants in six locations 
and identified modifications required to rehabilitate the plants. Results from this study are 
summarized in Table 5- 1. 



TABLE 5-1 

List of Major Equipment Rehabilitation Requirements and U.S. Suppliers. 

Power Plant: Bobov Do1 Varna Maritsa East 2 Maritsa East 2 Maritsa East 3 Maritsa East I Maritsa 3 

- - -- 

Design Coal 
-- -- - - -- -- - 

Present Capacity Rating, gross MW 

Number of Units 
- -.  

Unit Rating, MW: 
Gross for Peaking 
Gross with Valves Wide Open 

Year of Commissioning 

3 --- 

3 x 210 
200 

1973, 1974, 1975 

- - - - - - - - - 

Major Problem at this Plant Fuel shortages 

Limitation Results from: 

- . - -- . 

Boiler Rehabilitation 

Air inleakage; 
ID fan ash erosion; 
Slagging . 

Ukrainian 
Anthracite 

(1-4) (5-8) (briquette factory) 
6 4 4 4 

- -- -- - - - - - - -- -- -- -- 

Lignite - 
Troyanovo - --.- 1 

6 3 
- . - -. -- - - --- - - 

-- -- - -- - - -- - - -- -- 

1963- 1969 1985-1990 1978-1981 
(Units 5-7) 

Marbas, 
Lignite 

No.8 under. 
construction. 

- -- - - - 
Lignite - Lignite - 

Troyanovo 2 Troyanovo 2 
- .- -- -- - -- 

130 210 

- - 

Lignite - 
Troyanovo 3 -- - 

overtemperature 
tube failures. 

Superheater (SH) 
failure; 
Ash erosion. 

flame impingement); 
Slagging and high 

Shutdown of fuel Economizer and 
predrying system; burner area ash 
Economizer erosion; 
erosion; Lower Turndown; 
furnace Limit = 140MW. 

recommends that that these units be 
these units be abandoned and 

FEGT. 

coal supply 
- - - - -- - - 

replaced with a steam 
150-MW CFBC. requirements met 

Economizer erosion; 
SH and reheater 
(RH) overheating; 
Furnace wall damage 
(due to high ash and 

- I Age of equipment Coal quality 
(briquette - --- - factory) - - .. - - - 
Study Study recommends 

1 1 1 (by new gas-fired 

Continued . . . 

Age; 
Emissions 

Age; 
Coal quality. 



TABLE 5- 1 (continued) 

3. Coal-Crushing Equipment 
Designation 
VolumelPage No. 
Major Equipment Requirements 

U.S. Vendors 

Power Plant: Bobov Dol Varna Maritsa East 2 Maritsa East 2 Maritsa East 3 Maritsa East 1 Maritsa 3 
(1-4) (5-8) (briquette factory) 

Other Applicable Areas -- -- - - 

ME33-FPH-M-00 1 
316-4 
Replace coal- 
crushing equipment. 
CLI Corporation 
and Pennsylvania 
Crusher, 
ESP upgrade. 
-- - -  

- 

- - - 

- - 

- -. 

ME33-FPH-M-003 
316-5 
Upgrade conveyor 
system. 

Burns & 
McDonnell, Black 
& Veatch, CLI 
Corporation, Heyl 
& Patterson, 
Morrison Knudsen, 
McNally Wellman, 
Raytheon, and 
Sargent & Lundy 

- - . - - . 

ME33-FPH-M-004 
316-6 
On-line coal quality 
analyzer and 
associated systems. 
Gamma-Metrics 
ESP upgrade 

-- - 

Continued . . . 

- -  - 

I 

4. Metal Detectors/ Separators 
Designation 
VolumelPage No. 
Major Equipment Requirements 

U.S. Vendors 

- - .- 

- --- - - - -~ 

See information for 
Units 5-8 

Gamma-Metrics 

-- -- - 

-- 

VRN2-FPH-M-001 
213-5 
Two unloading 
cranes, conveyor 
refurbishment, and 
auxiliary equipment. 
Burns & McDonnell, 
Black & Veatch, 
CLI Corporation, 
Heyl & Patterson, 
Morrison Knudsen, 
McNally Wellman, 
Raytheon, and 
Sargent & Lundy 

Fuel switching 
- - 

VRN2-FPH-M-001 
213-5 
On-line coal quality 
analyzer and related 
systems. 
Gamma-Metrics 
Fuel switching - 
ESP upgrade 
- - - - 

FPH (fuel preparation - ---- and handliig) 
1.-upgrade Coal-Handling Systems 

Designation' 
VolumelPage No.' 
Major Equipment Requirements2 

U.S. Vendors3 

Other Applicable Areas - - - 

2. On-Line Coal Analysis 
Designation 
VolumeIPage No. 
Major Equipment Requirements 

U.S. Vendors 
Other Applicable Areas 

-- - - - - 

- - - -- 

ME26-FPH-CS-001 
315-26 
On-line elemental 
analyzer and 
associated systems. 
Gamma-Metrics 
ESP upgrade 

-- 

BDL2-FPH-M-001 
212-5 
Rotary wheel 
stackerlreclaimer 
feeders, scales, 
and conveyors. 
Burns & 
McDonnell, Black 
& Veatch, CLI 
Corporation, Hey1 
& Patterson, 
Morrison Knudsen, 
McNally Wellman, 
Raytheon, Stock 
Equipment and 
Sargent & Lundy 
Fuel switching 

BDL2-FPH-M-001 
212-5 
On-line ashlsulfur 
analyzer. 

Gamma-Metrics 
Fuel switching - 
ESP upgrade - - - 

BDL2-FPH-CS- 
001 212-6 
All related metal 
detectors and 
separators. 
CLI Corporation 

VRN2-FPH-CS-001 
213-6 
All related metal 
detectors and 
separators. 
CLI Corporation 

See information for ME26-FPH-M-001 
Units 5-8 3\5-24 

Replace metal 

ME33-FPH-M-002 
316-5 
Replace metal 
separators. 

I 

CLI Corporation 

I 

separators. 

CLI Corporation ,CLI Corporation 



TABLE 5- 1 (continued) 

Power Plant: Bobov Do1 Varna Maritsa East 2 (1-4) Maritsa East 2 Maritsa East 3 Maritsa East 1 Maritsa 3 

Continued . . . 

P 
P 

U.S. Vendors 

Other Applicable Areas 

(5-8) (briquette factory) 

Burns & 
McDonnell, Black 
& Veatch, 
Morrison Knudsen, 
Raytheon, and 
Sargent & Lundy 

Fuel switching - 
ESP upgrade 

- - -  

Burns & 
McDonnell, Black 
& Veatch, 
Morrison Knudsen, 
McNally Wellman, 
Raytheon, and 
Sargent & Lundy 
Fuel switching - 
ESP upgrade 

- - - - - - - - - 

ME33-BSF-M-001, 
-002, -003 & -004 
316-7, 6-8 & 6-9 
Modify SH 
arrangement and 
study replacement 
of SH surface; 
Redesign and 
replace economizer; 
Study unit air 
inleakage; 
Modify air heater 
flow. 

Burns & Burns & 
McDonnell, Black McDonnell, Black 
& Veatch, Morrison & Veatch, 
Knudsen, Raytheon, Morrison Knudsen. 
and Sargent & Raytheon, and 
Lundy Sargent & Lundy 

None None 

.- - - - - - - 

ME24-BSF-M-002 ME26-BSF-M-001 
315-8 3/5-27 

Replace lower Replace 
furnace waterwalls economizer. 
with high- 
temperature 
materials. 

BSF (boilers and - A steam - - flow) 
A 

5. Upgrade Boilers and Auxiliary 
Equipment 
Designation BDL2-BSF-M-002 
VolumelPage No. 212-8 & TOTEMA 

report 15-26 
Major Equipment Requirements ID fans; 

New cold FG 
recirculation fans. 

Burns & 
McDonnell, Black 
& Veatch, 
Morrison Knudsen, 
Raytheon, and 
Sargent & Lundy 

- - -- -- 

VRN2-BSF-M-005 
213-8 

Convert from wet- 
to dry-bottom 
furnaces; 
Install membrane 
furnace walls; 
Install membrane 
division wall; 
Install bottom ash 
removal system; 
Units 1-3: 33% of 
RH removed; 
All units: 
- Add and relocate 
economizer surface 
- Modify air 
preheater 
- Modify ducts for 
recirculation drying 



TABLE 5- 1 (continued) 

Power Plant: 

6. Mills and Burners 
Designation 
VolumeIPage No. 

Major Equipment Requirements 

U.S. Vendors 

Other Applicable Areas 
- - -- -- - - - - - 

7. Critical Pipe Replacement 
Designation 
VolumeIPage No. 
Major Equipment Requirements 

U.S. Vendors 

Bobov Do1 Va rna 

VRN2-BSF-M-003 
213-8 
Replace high- 
temperature piping, 
main steam and hot 
reheat lines, and 
pipe suppons. 

BDU-BSF-M-002 VRN2-BSF-M-OO6 

Burns & 
McDonnell, Black 
& Veatch, 
Morrison Knudsen, 
Ray theon, and 

212-8 and 
TOTEMA report 
15-26 
Modification of 
mills, classifiers, 
burners, and coal 
feeders. 

Burns & 
McDonnell, Black 
& Veatch, 
Morrison Knudsen, 
Raytheon, Stock 
Equipment, and 
Sargent & Lundy 
Fuel switching - 
ESP upgrade - - 

Maritsa East 2 (1-4) Maritsa East 2 Maritsa East 3 
(5-8) 

213-9 

Convert from store, 
to direct firing 
Replace 
pulverization 
system; 
Convert to 
tangential firing. 
Burns & 
McDomell, Black 
& Veatch, 
Morrison Knudsen, 
Raytheon, Stock 
Equipment, and 
Sargent & Lundy 
Fuel switching - 
ESP upgrade 
.- ----- - - 

Increase mill Upgrade mill 
capacity; performance; 
Upgrade associated Upgrade associated 
equipment. equipment; 

Upgrade fuel feed 
systems. 

ESP --- upgrade - -- ESP - - - -- upgrade -- - ESP - - - upgrade -- -. - 

Replace feeder and 
conveyor motors; 
Upgrade mill 
performance; 
Improve burner 
design. 

Burns & Burns & 
McDonnell, Black McDomell, Black 
& Veatch, Morrison & Veatch, 
Knudsen, Raytheon, Morrison Knudsen, 
Stock Equipment, Raytheon, Stock 
and Sargent & Equipment, and 
Lundy Sargent & Lundy 

ME33-TFW-M-003 
3/6-18 
Replace hot reheat 
and final feedwater 
piping and valves ; 
Acquire 
nondestructive 
exam equipment. 
Burns & 
McDonnell, Black 
& Veatch, 
Morrison Knudsen, 
Raytheon, and 
Sargent & Lundy 

Burns & 
McDonnell, Black 
& Veatch, 
Morrison Knudsen, 
Raytheon, Stock 
Equipment, and 
Sargent & Lundy 

Maritsa East 1 Maritsa 3 
(briquette factory) 

Continued . . . 



TABLE 5- 1 (continued) 

Power Plant: Bobov Dol Varna 

8. Furnace Wall Blowers 
Designation 
Volume/Page No. 
Major Equipment Requirements 

U.S. Vendors 
-- -. . - 

9, Fuel Oil Systems 
Designation 
Volume/Page No. 
Major Equipment Requirements 

U.S. Vendors 

- - - - . - -- - 

1 5  Boiler Control Automation 
Designation 

Maritsa East 2 (1-4) Maritsa East 2 Maritsa East 3 ~ G i t s a  East 1 Maritsa 3 
(5-8) (briquette factory) 

I 

-- --- - - - 

BDL~-BSF-CS-002 
212- 10 
Fuel oil flow and 
pressure 
measurement and 
control. 
Burns & 
McDonnell, Black 
& Veatch, 
Morrison Knudsen, 
Raytheon, and 
Sargent & Lundy 

BDL2-BSF-CS-001 

VolumelPage No. 
Major Equipment Requirements 

Other Applicable Areas 

ME26-BSF-M-003 / ~~33-BSF-M-007  
3/5-28 
Water-medium wall 

212-9 
All related 
equipment for 
automatic load 
change; 
Controls for fuel, 
air flow, steam, 
and furnace 
pressure, mill 
temperature and 
pressure, RH 
steam temperature, 
drum level, and air 
heater temperature. 
Fuel switching - 
NO, control 

blowers. blowers. 
Black & Veatch Black & Veatch -- -. - - - 

Burns & Burns & 

ME24-BSF-M-008 ME26-BSF-M-008 
3/5-10 3/5-30 
Upgrade fuel oil Upgrade fuel oil 
systems. systems. 

ME33-BSF-CS-004 
-005, -006 & -008 
3/6-14, 6-15, 6-16 
Flame adjustment 
and mill biasing; 
Mill temperature 
control; 
Air heater 
temperature and 
pressure control; 
Study combustion 
air damper system. 

ME33-BSF-M-006 
316-1 1 
Upgrade fuel oil 
systems. 

Continued . . . 

No, control I 



TABLE 5-1 (continued) 

Power Plant: Bobov Do1 Varna 

VRN2-BSF-CS-002 
213-1 1 
Complete systems 
required. 
NO, control - ESP 
upgrade. 
Anarad, Black & 
Veatch, Datatest, 
and Rosemount 

11. Flame Detection & Safety 
Equipment 
Designation 
VolumelPage No. 
Major Equipment Requirements 

12. CEM and Opacity Monitors 
Designation 
VolumeIPage No. 
Major Equipment Requirements 

Other Applicable Areas 

U.S. Vendors 

- - - - - - - - - - 

13. Ash and Slag Removal Systems 
Des~gnation 
Volume/Page No. 
Major Equipment Requirements 

Maritsa East 2 (1-4) Maritsa East 2 

1 BDLZ-BSF-CS-003 
212- 10 
Complete systems 
required. - 

BDL2-BSF-CS-04 
212- 1 1 
Complete systems 
required. 
NO, control- ESP 
upgrade. 
Anarad, Black & 
Veatch, Datatest, 
and Rosemount 

- Analytical 
- -  -- 

BDL2-BSF-CS-005 
212- 1 1 
Complete systems 
required and ESP 
hopper-level 
indicators. 

ME26-CS-CS-003 
3/5-36 
Complete systems 
required. 
NO, control - ESP 
upgrade. 

Anarad, Black & Anarad, Black & 
Veatch, Datatest, Veatch, Datatest, 
and Rosemount and Rosemount 

Maritsa East 3 

ME33-BSF-CS-002 
316- 13 
Complete systems 

- 

ME33-CS-CS-004 
3/6-25 
Complete systems 
required. 
NO, control - ESP 
upgrade. 
Anarad, Black & 
Veatch, Datatest, 
and Rosemount 

- --- -- - - -- 

Maritsa East 1 Maritsa 3 
(briquette factory) 

Continued . . . 

---. 

U.S. Vendors 

Other Applicable Areas 

ABB 
Environmental 
Services, Burns & 
McDonnell, Black 
& Veatch, 
Morrison Knudsen, 
McNally Wellman, 
Raytheon, and 
Sargent & Lundy 
ESP upgrade 



TABLE 5- 1 (continued) 

Power Plant: Bobov Do1 Varna 

4. Turbines 
Designation 
Volume/Page No. 
Major Equipment Requirements 

Maritsa East 2 Maritsa East 2 Maritsa East 3 
(1 -4) (5-8) 

VRN2-TFW-M-00 1 
2/3-12 
Units 1-3: Replace 
turbines. 

U.S. Vendors 

- -- - - -- - 

1 5 ~ ~ e ~ l a c e  LP Cylinders 
Designation 
Volume/Page No. 
Major Equipment Requirements 

U.S. Vendors 

Maritsa East 1 Maritsa 3 
(briquette factory) 

ME26-TFW-M-001 
3/5-32 
Replace existing 
speedlfrequency 
control system with 
modern digital 
electrohydraulic 
equipment. 
Burns & 
McDonnell, Black 
& Veatch, 
Morrison Knudsen, 
Raytheon, and 
Sargent & Lundy 

- - - - - 

Burns & 
McDonnell, Black 
& Veatch, 
Morrison Knudsen, 
Raytheon, and 

- 
Sargent & Lundy 

2/2-12 2/3-12 Units 4-6: 
Redesign and Redesign and 
replace LP replace LP 

Continued . . . 

ME33-TFW-M-008 
3/6-22 
Replace existing 
speedlfrequency 
control system with 
modern digital 
electrohydraulic 
equipment 
Burns & 
McDomell, Black 
& Veatch, 
Morrison Knudsen, 
Raytheon, and 
Sargent & Lundy 

- 

cylinders. 
Burns & 
McDomell, Black 
& Veatch, 
Morrison Knudsen, 
Raytheon, and 
Sargent & Lundy 

cylinders. 
Burns & 
McDonnell, Black 
& Veatch, 
Morrison Knudsen, 
Raytheon, and 
Sargent & Lundy 



TABLE 5- 1 (continued) 

Maritsa East 1 Maritsa 3 Power Plant: Bobov Dol Varna Maritsa East 2 Maritsa East 2 Maritsa East 3 

Continued . . . 

ME33-TFW-M-002 
& -004 
3/6-17 & 6-19 
Recommission 
existing microsieves; 
Upgrade water 
treatment; 
Repair condenser air 
leaks. 
Burns & McDonnell, 
Black & Veatch, 
Morrison Knudsen, 
Raytheon, and 
Sargent & Lundy 

.- - . - 

ME33-TFW-M-006 
3/6-20 
Complete system. 
Burns & McDonnell, 
Black & Veatch, 
Morrison Knudsen, 
Raytheon, and 
Sargent & Lundy 

(1 -4) (5-8) 

ME24-TFW-M-004 ME26-TFW-M-003 
315-12 315-33 
New circulating Fine screen for 
water pumps; cooling water; 
Ball tube cleaning New tube cleaning 
system; system; 
Air leak detection Upgrade existing 
equipment. equipment. 

Burns & Burns & 
McDomell, Black McDomell, Black 
& Veatch, & Veatch, 
Morrison Knudsen, Morrison Knudsen, 
Raytheon, and Raytheon, and 
Sargent & Lundy Sargent & Lundy 

- -- - 

ME24-TFW-M-011 ME26-TFW-M-004 
3/5-15 3/5-33 
Complete system. Complete system. 
Burns & Burns & 
McDomell, Black McDomell, Black 
& Veatch, & Veatch, 
Morrison Knudsen, Morrison Knudsen, 
Raytheon, and Raytheon, and 
Sargent & Lundy Sargent & Lundy - - - - - - - - - 

ME24-TFW-M-0 12 
3/5-15 
Complete system. 
Burns & 
McDomell, Black 
& Veatch, 
Morrison Knudsen, 
Raytheon, and 
Sargent & Lundy 

16. Condenser Performance 
Designation 
VolumelPage No. 
Major Equipment Requirements 

U.S. Vendors 

- - -- 
17. ~eedwater  Chemistry Control 

Designation 
VolumeIPage No. 
Major Equipment Requirements 
U.S. Vendors 

- . - 

18. Condensate Polishing Unit 
Designation 
VolumeIPage No. 
Major Equipment Requirements 
U.S. Vendors 

BDLZ-TFW-M-003 
212- 13 
Test and monitor 
air inleakage; 
Fine screen for 
cooling water; 
Taprogge 
(cleaning) system. 

Burns & 
McDonnell, Black 
& Veatch, 
Morrison Knudsen, 
Raytheon, and 
Sargent & Lundy 
-- -- 

BDL2-TFW-M-004 
212- 15 
Complete system. 
Burns & 
McDomell, Black 
& Veatch, 
Morrison Knudsen, 
Raytheon, and 
Sargent & Lundy 

- -- . 

BDL2-TFW-M-005 
212- 15 
Complete system. 
Burns & 
McDomell, Black 
& Veatch, 
Morrison Knudsen. 
Raytheon, and 
Sargent & Lundy 

VRN2-TFW-M-004 
2/3-14 
Test and monitor 
air inleakage; 
Fine screen for 
cooling water; 
Taprogge (cleaning) 
system. 

Burns & 
McDomell, Black 
& Veatch, 
Morrison Knudsen, 
Raytheon, and 
Sargent & Lundy 

- - - - - 



TABLE 5-1 (continued) 

Power Plant: Bobov Do1 Varna 

19. Cooling Towers 
Designation BDL2-TFW-M-006 
VolumelPage No. 212- 16 
Major Equipment Requirements 

equipment 
nozzles. 

U.S. Vendors Burns & 
McDonnell, Black 
& Veatch, 
Morrison Knudsen, 
Raytheon, and 

- - - --- - - - - - 
20. High-Pressure (HP) Feedwater 

Heaters 
Designation 
VolumeIPage No. 
Major Equipment Requirements 

U.S. Vendors 

- -  - -. 

2 1. Boiler Feed Pumps 
Designation 

U.S. Vendors Burns & 
McDonnell, Black 
& Veatch, 
Morrison Knudsen, 
Raytheon, and 

- -- - - -- 

BDL2-TFW-M-007 

Volume/Page No. 
Major Equipment Requirements 

Replace HP 
feedwater heaters. 
Burns & 
McDomell, Black 
& Veatch, 
Morrison Knudsen, 
Raytheon, and 
Sargent & Lundy 

212- 17 
Replace drives 
(hydraulics). 

2/3-16 
Replace drives 
(hydraulics). 

Burns & 
McDonnell, Black 
& Veatch, 
Morrison Knudsen, 
Raytheon, and 
Sargent & Lundy 

Maritsa East 2 Maritsa East 2 Maritsa East 3 
(1-4) (5-8) 

ME24-TFW-M-005 
& -007 
3/5-12, 5-13 
New condensate 
pumps; 
Replace drives 
(hydraulics). 

3/6-19 
Replace drives 
(hydraulics); 
Upgrade associated 
equipment. 

Burns & Burns & McDonnell 
McDonnell, Black Black & Veatch, 
& Veatch, Morrison Knudsen, 
Morrison Knudsen, Raytheon, and 
Raytheon, and Sargent & Lundy 
Sar ent & Lund i 

... - 
Maritsa East 1 

(briquette factory) 
Maritsa 3 

Continued . . . 



TABLE 5- 1 (continued) 

Power Plant: Bobov Dol Varna 

22. Makeup Water System 
Designation 
VolumelPage No. 
Major Equipment Requirements 
U.S. Vendors 

-- -- - - - -- - - - - - - -- 
23. Demineralizer System 

Designation 
VolumelPage No. 
Major Equipment Requirements 

U.S. Vendors 

- 

24. Turbine Condensate Polishing 
Designation 
VolumelPage No. 
Major Equipment Requirements 

U.S. Vendors 

BDL2-TFW-M409B 
212- 18 
System upgrade 
Burns & 
McDomell, Black 
& Veatch, 
Morrison Knudsen, 
Raytheon, and 
Sargent & Lundy I 

VRN2-TFW-M-011 
213- 18 
Replace 
demineralizer 
system. 
Burns & 
McDonnell, Black 
& Veatch, 
Morrison Knudsen, 
Raytheon, and 
Sargent . . & Lundy 

VRN2-TFW-M-012 
213-19 
New demineralizer 
for turbine 
condensate. 
Burns & 
McDomell, Black 
& Veatch, 
Morrison Knudsen, 
Raytheon, and 

Maritsa East 2 Maritsa East 2 
(1 -4) (5-8) 

Maritsa East 3 Maritsa East 1 
(briauette factorvl 

Maritsa 3 

Continued . . . 



TABLE 5- 1 (continued) 

Continued . . . 

Power Plant: Bobov Do1 Varna Maritsa East 2 Maritsa East 2 Maritsa East 3 Maritsa East 1 Maritsa 3 
(briquette factory) 

- 

ME33-CS-CS-001 
3/6-23 
Complete system 
upgrade. 
ESP upgrade - NO, 
control. 
Burns & McDonnell, 
Black & Veatch, 
Morrison Knudsen, 
Peabody 
Engineering, 
Raytheon, Sargent & 
Lundy, and SSR 
Engineers 

-- 

(1-4) (5-8) 

ME26-TFW-M-005 
3/5-34 
Complete treatment 
facilities. 
Burns & 
McDonnell, Black 
& Veatch, 
Morrison Knudsen, 
Raytheon, and 
Sargent & Lundy 

- -- -- -- - 

- .- -- 

ME24-CS-CS-003 ME26-CS-CS-001 
3/5-17 3/5-35 
Complete system Complete system 
upgrade. upgrade. 
ESP upgrade - NO, ESP upgrade - NO, 
control control. 
Burns & Burns & 
McDonnell, Black McDonnell, Black 
& Veatch, & Veatch, 
Morrison Knudsen, Morrison Knudsen, 
Peabody Peabody 
Engineering, Engineering, 
Raytheon, Sargent Raytheon, Sargent 
& Lundy, and SSR & Lundy, and SSR 
Engineers Engineers 

- -- - - - - 

VRN2-TFW-CS-002 
2/3-20 
Replace water 
analysis equipment. 
Burns & 
McDonnell, Black 
& Veatch, 
Morrison Knudsen, 
Raytheon, and 
Sargent & Lundy 

- -- - 

25. Water QualitylTreatment 
Designation 
Volume/Page No. 
Major Equipment Requirements 

U.S. Vendors 

- 

CS (control systems) 
- -- . -- -- - - - - 

- -- 

- -- 

ch 
h) 

26. Control Systems 
Designation 
VolumelPage No. 
Major Equipment Requirements 

Other Applicable Areas 

U.S. Vendors 

- - - - -. - -- - - -- -. 

27. Event Recorders 
Designation 
VolurnelPage No. 
Major Equipment Requirements 

BDL2-CS-CS-001 
2/2-20 
Complete system 
upgrade. 
Fuel switching - 
NO, control. 
Burns & 
McDomell, Black 
& Veatch, 
Morrison Knudsen, 
Peabody 
Engineering, 
Raytheon, Sargent 
& Lundy, and SSR 
Engineers - -- - 

BDL2-CS-CS-005 
2/2-23 
State-of-the-art 

VRN2-CS-CS-001 
2/3-21 
Complete system 
upgrade. 
Fuel switching - 
NO, control. 
Burns & 
McDonnell, Black 
& Veatch, 
Morrison Knudsen, 
Peabody 
Engineering, 
Raytheon, Sargent 
& Lundy, and SSR 

. 
Engineers 

-- -- - - -- 



TABLE 5- 1 (continued) 

Power Plant: Bobov Dol Varna Maritsa East 2 Maritsa East 2 Maritsa East 3 Maritsa East 1 Maritsa 3 
(1 -4) (5-8) (briquette factory) 

E (electrical systems) . 
- - - 

Regulation 
Designation 
Volume/Page No. 
Major Equipment Requirements 

U.S. Vendors 

- - - - . . 

30. Outdated Switchgear 
Designation 
Volume/Page No. 
Major Equipment Requirements 

U.S. Vendors 

Continued . . . 

- 

ME33-E-E-001 
3/6-25 
Modify for forced 
cooling of front 
stator winding 
packs. 
Black & Veatch, 
Morrison Knudsen, 
Raytheon, Sargent 
& Lundy, and SSR 
Engineers 

28. Generator Temperature Control 
Designation BDL2-E-E-001 
Volume/Page No. 2/2-24 
Major Equipment Requirements Stator cooling 

ME24-E-E-004 ME26-E-E-002 
3/5-20 3/5-38 
State-of-the-art State-of-the-art 
automatic frequency automatic frequency 
and load control and load control 
systems. systems. 
Black & Veatch, Black & Veatch, 
Morrison Knudsen, Morrison Knudsen, 
Raytheon, Sargent Raytheon, Sargent 
& Lundy, and SSR & Lundy , and SSR 
Engineers - - - - Engineers - -. 

BDL2-E-E-002 
2/2-24 
State-of-the-art 
automatic 
frequency and load 
control systems. 
Black & Veatch, 
Morrison Knudsen, 
Raytheon, Sargent 
& Lundy, and SSR 
Engineers - -- - - -- - - 

BDL2-E-E-005 
2/2-26 
State-of-the-art 
switchgear. 
Black & Veatch, 
Morrison Knudsen, 
Raytheon, Sargent 
& Lundy, and SSR 
Engineers 

ME33-E-E-002 
3/6-26 
State-of-the-art 
automatic frequency 
and load control 
systems. 
Black & Veatch, 
Morrison Knudsen, 
Raytheon, Sargent 
& Lundy , and SSR 
Engineers -- .- 

- - - -. 

VRN2-E-E-001 
2/3-23 
Stator cooling 
packs. 

VRN2-E-E-002 
2/3-24 
State-of-the-art 
automatic frequency 
and load control 
systems. 
Black & Veatch, 
Morrison Knudsen, 
Raytheon, Sargent 
& Lundy, and SSR 
Engineers 

VRN2-E-E-006 
2/3-26 
State-of-the-art 
switchgear. 
Black & Veatch, 
Morrison Knudsen, 
Raytheon, Sargent 
& Lundy, and SSR 
Engineers 

- - 

ME24-E-E-003 ME26-E-E-001 
3/5-19 3/5-37 
Modify for forced Stator cooling 
cooling of front packs. 
stator winding 

U.S. Vendors 
Morrison Knudsen, 
Raytheon, Sargent 
& Lundy, and SSR 

- - - - - - - - - -- -- 

- - p : : e a t c h ,  
packs. 

29. Voltage and Frequency 

Black & Veatch, 
Morrison Knudsen, 
Raytheon, Sargent 
& Lundy , and SSR 
Engineers 

Black & Veatch, 
Morrison Knudsen, Black & Veatch, 
Raytheon, Sargent Morrison Knudsen, 
& Lundy, and SSR Raytheon, Sargent 
Engineers & Lundy, and SSR 
- - - .- ~ 

Engineers 



TABLE 5- 1 (continued) 

Maritsa East 3 Power Plant: Bobov Dol Varna Maritsa East 2 Maritsa East 2 Maritsa East 1 
(briquette factory) 

Maritsa 3 
(1 -4) (5-8) 

.- -- - - - - - - 

- . - - - 

- - - -- - - - -- 

ME24-E-E-014 
3/5-23 
100% rotor stator 
ground fault 
protection system. 
Morrison Knudsen 
and SSR Eng~neers 

wl 
P 

Continued . . . 

VRN2-E-E-012 

2/3-28 
Backup diesel 
generators. 
Detroit Diesel, 
Morrison Knudsen, 
and SSR Engineers 

~ 

VRN2-E-E-013 
2/3-28 
"Dryfit" type and 
seismic support. 
Morrison Knudsen 
and SSR Engineers 

- . 

VRN2-E-E-0 13 
2/3-28 
Replace twelve 400- 
kV, 2000 amp and 
six 220 kv ,  2000 
amp. 

3 1. Emergency Power Supply 
Designation 
VolumelPage No. 
Major Equipment Requirements 

U.S. Vendors 

. - - - . - - - - - - 

32. Accumulator Batteries 
Designation 
VolumeIPage No. 
Major Equipment Requirements 

U .S. Vendors 
- - - - . 

33. Switchyard 
Designation 
VolumeIPage No. 
Major Equipment Requirements 

BDL2-E-E-008 

2/2-27 
Backup diesel 
generators. 
Detroit Diesel, 
Morrison Knudsen, 
and SSR Engineers 

BDL2-E-E-009 
2/2-28 
"Dryfit" type and 
seismic supports. 
Morrison Knudsen 
and SSR Engineers 
. - 

BDL2-E-E-0 10 
2/2-28 
Replace 
compressor; 
Disconnect 
switches and 220- 
kV circuit 
breakers. 

U.S. Vendors 

- - - - 
34. Ground Fault Protection 

Designation 
Volume/Page No. 
Major Equipment Requirements 

U.S. Vendors 

Black & Veatch, Black & Veatch, 
Morrison Knudsen, Morrison Knudsen, 
Raytheon, Sargent Raytheon, Sargent 
& Lundy, and SSR & Lundy, and SSR 
Engineers --- I Engineers 

- - - - 



TABLE 5- 1 (continued) 

Maritsa 3 Power Plant: Bobov Do1 Varna Maritsa East 2 Maritsa East 2 Maritsa East 3 Mar~tsa East 1 

Continued . . . 

(briquette factory) 

- 

U.S. Vendors - - 
-- 

38. Transformers 
Designation 
VolumelPage No. 
Major Equipment Requirements 

- - - -- 

39. Condensers 
Designation 
Volume/Page No. 
Major Equipment Requirements 

- - 

-- - .  - 

- - 

(1-4) (5-8) 

ME24-E-E-0 15 
3/5-24 
Replace electric 
fault recorder. 
Morrison Knudsen 
and SSR Engineers 
- -- - - .- -. - -- - - 

- -- - 

ME-TST-002 
3/5-42 
Metal strap ring 
examination. 

- - - . - - -- -- - - - 

35. Electrical Fault Recorder 
Designation 
Volume/Page No. 
Major Equipment Requirements 

U.S. Vendors 

- .. . -- - - 

. SSR Engineers - - 

BDLZTST-003 
2/2-30 
Test six 
transformers. 
- - -. - - - 

BDL2-TST-004 
2/2-30 
Leak detection 
equipment. 

-- . 

SSR Engineers . 

VRN2-TST-002 
2/3-30 
Test ten 
transformers. 
. - . -- 

VRN2-TST-003 
2/3-30 
Leak detection 
equipment 

TST (test equipment and testing) 
- - - - - -. 

36. Generators 
Designation 'BDL2-TST-00 I 
Volume/Page No. 
Major Equipment Requirements 

-- --- - - - 

3 7  Transformer Oil 
Designation 
VolumelPage No. 
Major Equipment Requirements 

.. 

ME-TST-00 1 
3/5-41 
Transformer 
testing. 

- - - -  - 

ME-TST-006 
3/5-43 
Leak detection 
equipment 

2/2-29 
Ultrasonic 
diagnostic system 
for synchronous 
generators. -- - 

BDL2-TST-002 
2/2-29 2/3-29 
Transformer oil 
analysis and analysis and 
cleaning cleaning and drying 
equipment. equipment. 

I 

i 
I 



TABLE 5- 1 (continued) 

Power Plant: Bobov Dol Varna Maritsa East 2 Maritsa East 2 Maritsa East 3 Maritsa East 1 Mar~tsa 3 
(1 -4) (5-8) (briquette factory) 

I /field. 
' Designation and volumelpage no. refer to the "Power Complex Rehabilitation in Bulgaria" final report prepared by Overseas Bechtel, Inc. 

Major equipment requirements from "Power Complex Rehabilitation in Bulgaria" final report and input from TOTEMA and Energoproect. 
U.S. vendors that supply the required equipment and responded to EERC request for information. 

construction; construction; construction; construction; 
distribution. Flow distribution. 

- -- - -- - 

44. Unit Enlargement 
VolumelPage No. 

Continued . . . 

- -- - 

Nondestructive 
examination 
equipment. 

construction; 
Flow distribution. 
.. . - 

ME-TST-003 
3/5-42 
VPI equipment and 
related. 

- -- -- - 

ME-TST-004, -005 
3/5-42, 5-43 
Equipment to test 
electrical machines; 
Boiler tube weld 
quality test 

40. Electric Motor Repair 
Designation 
Volume/Page No. 
Major Equipment Requirements 

- - -- - 

4 1. Other Test Equipment 
Designation 
VolumeIPage No. 
Major Equipment Requirements 

-. . -- -- 

equipment. 
L - . - I - 1- I - 

-- -- -- - - - - 

ESP Upgrade - -- -- -- -- - - - - - -- - A - 

42. Fuel Switch 
VolumelPage No. - . 212-3 1 - -- 

43. Unit Refurbishment 
VolumelPage No. 2/2-31 3/5-44 
Major Equipment Requirements Energization Energization Energization Energization 

control; control; control; control; 
systems; 

Alignment; Alignment; Alignment; Alignment; 
Materials of Materials of Materials of Materials of 

- - - - - - 

- 

3/6-30 
Energization 
control; 
Rapping systems; 
Alignment; 
Materials of 

. - 



To facilitate the implementation of these rehabilitation plans, vendors that supply equipment 
and services in each of the main areas have been identified and are also listed in Table 5-1. 
Additional information about each of these companies is provided in the vendor appendix. 

5.1 Recommendations for Rehabilitation 

Overseas Bechtel, Inc., together with the Bulgarian engineering firms Energoproekt and 
TOTEMA, has performed an engineering and financial analysis and developed an investment 
program for the renewal of the thermal power plants in Bulgaria. The EERC is in agreement with 
the recommendations made in the Bechtel report. It was outside of the scope of work for this 
project to redo the analysis already performed. Rather, the approach taken was to review those 
suggestions based on our knowledge of LRCs to evaluate the prioritization given to these 
rehabilitation efforts by Overseas Bechtel, Inc. The priority listing given by Overseas 
Bechtel,Inc., is repeated here for completeness. Details can be found in the four-volume report 
completed by Overseas Bechtel, Inc. 

5.1.1 First Priority 

Maritsa East 1 

Construct and begin operation of a 150-MW circulating fluidized-bed unit at Maritsa East 1 
to replace existing electric and steam capacity. The compelling reason for this is the continued 
need for steam supply when existing capacity is retired, assuming continued operation of the 
briquette factory as currently planned by the government. The priority of this project would 
decline if the briquette factory were to be discontinued. In such an event, new plant options at 
Maritsa East 1 should be considered in full competition with other options as part of an overall 
least-cost plan taking into consideration economics, security of fuel supply, fuel price volatility, 
and foreign exchange constraints. 

- 

Maritsa East 2 

Initiate equipment upgrades to Maritsa East 2, Units 1-8, as the highest priority projects. 
These should be implemented within the next 4 years. Scheduling of outages at these units should 
be conducted so as to maintain system reliability and, secondarily, to minimize system production 
cost. The reasons for this ranking are: 

There is a projected high economic rate of return and contribution to total economic net 
benefits over the full range of load growth, nuclear capacity, and perceived value of 
emission reduction assumptions considered (constant capacity factor analysis). 

The projected capacity factor is significant even under low loadlhigh nuclear capacity 
assumptions, providing a basis for obtaining a high percentage of the energy benefits 
calculated in the constant capacity factor analysis. In particular, projected capacity 
factors for Maritsa East 2 are higher than for Varna and Bobov Dol. 

The highest value environmental projects are SO, reduction at Maritsa East 2. These 
projects cannot be effectively implemented without the equipment upgrades. 



5.1.2 Second Priority 

Varna 

Initiate equipment upgrades to the Varna plant and secure long-term contracts for imported 
subbituminous coal. The low cost and low sulfur of the subbituminous coals that can be obtained 
from South Africa, the United States, and Indonesia make them attractive options. High priority 
should be given to Units 1-3 because of more acute fuel shortages. A decision to discontinue the 
operation of some of the units at Kozloduy would make the priority of this project equal to that of 
the upgrades at Maritsa East 2. High load growth also increases the importance of this project; 
however, under the low load growth scenario, Varna's priority will be lower than Maritsa East 3 
rehabilitation. 

5.1.3 Third Priority 

Maritsa East 3 

Initiate equipment upgrades to Maritsa East 3. This project is ranked lower than 
rehabilitation at Maritsa East 2 and Varna because less problems exist at this plant under curent 
operation. This is reflected in a lower economic rate of return for the Maritsa East 3 project. It is 
ranked higher than rehabilitation at Bobov Do1 because projected generation from Maritsa East 3 is 
less sensitive to future load growth and decisions for the Kozloduy plant. Furthermore, SO, 
reduction at this plant is the second highest ranked environmental project after SO, reduction at 
Maritsa East 2. Implementation of SO, control will require the equipment upgrades. 

5.1.4 Fourth Priority 

Bobov Do1 

Initiate equipment upgrades to the Bobov Do1 plant, and secure long-term contracts for 
imported subbituminous coal. Again, the low cost and low sulfur offered by the imports make 
them attractive. After implementation of upgrades, a transition between existing coal supply and 
full importation could include a period of mixing of existing and imported coal with significant 
economic penalty. This project has significant benefits, as reflected in its high ranking in the 
preliminary economic screening and investment planning analysis (conducted with constant 
capacity factor assumptions). However, detailed system dispatch analysis indicates low projected 
generating levels from this plant based on economic dispatch, indicating that it may be difficult to 
achieve many of the benefits, particularly under assumptions of low growth and/or high nuclear 
capacity. A decision to discontinue operation of some of the Kozloduy units would increase the 
priority of this project to approximately the same level as Maritsa East 3 rehabilitation. 

Maritsa 3 

Rehabilitation of the Maritsa 3 plant is not recommended. This project is only matginally 
economic even with secure sales of steam and high load growth. Given the uncertainty regarding 
these issues, this project should be considered only after securing investment for the recommended 
projects. If delays in project initiation interfere with industrial and district heating steam 



requirements, the existing facility should be abandoned and steam should be provided by gas-fired 
steam boilers. Any commitments for providing steam initiated in the future should reflect a high 
possibility of such an outcome. 

Recommended Environmental Projects 

First Priority - SO, control at Maritsa East 2, Units 1-8, is the environmental control 
project with the highest priority. Ideally, this project should be scheduled in conjunction 
with the rehabilitation outage. The high ranking of these projects is based on the high 
sulfur content of the Maritsa East coal supply to Maritsa East 2. 

Second Priority - The SO, control project at Maritsa East 2 was found to be econornicaliy 
viable even under a low perceived value of emission reduction. However, this project is 
ranked lower than SO, reduction at Maritsa East 2 because of the lower sulfur content of 
delivered coal at Maritsa East 3. 

No other SO, emission control project is recommended because of the fuel base change 
proposed for the Varna and Bobov Do1 plants. 

The rehabilitation of ESPs at Bobov dol, Maritsa East 2, and Maritsa East 3 are justified 
whether or not other rehabilitation takes place. In the case of Varna, if other 
rehabilitation is not pursued, the remaining life is too short to justify ESP rehabilitation. 
However, if other rehabilitation is pursued at Varna, the current age and condition of the 
ESPs will require that they be rehabilitated as well. 

Specific economic analysis was not conducted for investments in surface water treatment 
for Maritsa East 3, nor for ash pond expansion for Bobov Dol. Continued operation of 
these plants, with or without other rehabilitation, will require that these investments be 
made, for health reasons in the first case and to provide a means of ash disposal in the 
second. Therefore, the costs of these investments are included in the financial analysis. 

No retrofits using SCR technology are recommended for NO, control. This approach was 
not found to be economic even under assumptions of high perceived value of emission 
reduction. However, NO, emission reduction using improved burners is an integral part 
of many of the equipment upgrades recommended. 

5.2 Fuel Switching at Varna and Bobov Do1 

The generating units at Bobov Do1 and Varna represent approximately 40% of the total 
current coal-fired generating capacity (approximately 24% of total capacity) in Bulgaria. The 
Bobov Do1 Station consists of three dry-bottom, pulverized coal (PC)-fired, 210-MW-gross units 
commissioned in 1973, 1974, and 1975. Six wet-bottom, pc-fired, 210-MW-gross units (three 
commissioned in 1968 and 1969 and three commissioned between 1977 and 1979) constitute the 
generating capacity at Varna. Because of operational problems resulting from coal properties and 
other factors, each of these units is nearing the end of its usable life. To extend the life of these 
units (an additional 14 years for the Bobov Do1 units and up to 20 years for the units at Varna) and 
to lower both gaseous (SO, and NO,) and particulate emissions, boiler rehabilitation combined with 



fuel switching provides the best opportunity to achieve these goals (see Overseas Bechtel, Inc., 
report Volumes 1 and 2). 

The Bobov Do1 Station uses domestic subbituminous coal from the Bobov Do1 mine as the 
primary fuel source. The coal contains high ash and high sulfur and is costly to mine. Although 
mining reserves are sufficient to meet the needs at Bobov Dol, production has fallen short. 
Information provided by TOTEMA and Energoproekt indicate that only 50 % to 60% of the coal to 
meet plant requirements is supplied by the Bobov Do1 mine. The balance of plant fuel 
requirements are obtained from domestic lignite sources from the Sofia Basin and imported 
Ukrainian anthracite. Without a reliable coal supply from the supplemental sources, the plant often 
runs at reduced capacity because of fuel shortages. Owing to social and economic concerns with 
closing the mine at Bobov Dol, it has been proposed to blend this coal with imported 
subbituminous coal from any of a variety of world sources. 

The Varna Station has had similar problems with maintaining a reliable fuel supply. The 
Varna units were designed to fire Ukrainian anthracite. The plant has a long-term coal supply 
contract; however, shipments are irregular, and coal quality is deteriorating. The plant has 
recently added the capability of cofiring with natural gas to offset the decreased coal supply. In 
recent years, the units at Varna have relied more heavily on natural gas to sustain load. Current 
shipments of anthracite contain 5 % to 6% higher ash contents and lower heat content than 
specifications. The high ash content of the anthracite has led to outages because of erosion of 
superheater tubes. It is felt that a switch to a lower-ash subbituminous coal would alleviate the fly 
ash erosion problem and guarantee a stable fuel supply for the Varna Station. 

5.2.1 PRB Coal Analvses 

A number of PRB coal suppliers (covering the entire range of coal properties through the 
basin) were contacted to determine their interest in providing input to the current study and long- 
term fuel supply for the Bobov Do1 and Varna Stations. For discussion purposes of the impacts 
related to fuel switching, only the PRB (United States) coal suppliers responding to this inquiry 
were considered. Analyses of the Bobov Do1 subbituminous, Ukrainian anthracite, and selected 
PRB subbituminous coals are shown in Table 5-2. Each of the PRB coals shown would provide a 
significant improvement in quality over the coals currently fired at the Bobov Do1 and Varna 
thermal power plants (TPPs). Based on a study performed by TOTEMA, the price of PRB coal 
would be approximately 12% higher than the current coal being used at Bobov Dol. However, 
there will be potential cost savings with the PRB coal in terms of higher availability and increased 
efficiency. In addition, PRB suppliers are confident that they can reduce the delivered price of 
coal below that used in the Overseas Bechtel, Inc., and TOTEMA studies. 

Compared to the Bobov Do1 subbituminous, all of the PRB coals shown in Table 5-2 contain 
much lower sulfur and ash contents. Although the moisture content (ranging from 25.00% to 
30.00%) is higher, the heat content (ranging from 19,658 kJ/kg to 21,636 kJ/kg) is nearly twice 
that of the Bobov Do1 (10,264 kJ/kg at 15 % moisture). In a blend with the Bobov Do1 
subbituminous coal, the PRB coals would provide a significant increase in heat content and 
reduction in ash content. The dry, ash-free volatile contents of the PRB coals are similar to that of 
the Bobov Dol, ranging from 46.87% to 50.19%, indicating similar ignition, combustion, and 
handling properties. 



TABLE 5-2 

Coal Analyses 

Anthracite Subbituminous Coals 

SourceICompany Caballo Rojo, 
Ukraine Bulgaria Inc. ARC0 Kenneco tt 

Mine NA' Bobov Do1 Caballo Rojo Black Antelope Cordero Spring Creek. 
Thunder 

Proximate Analyses, wt % 

Moisture 7.00 15.00 29.93 27.25 26.25 30.00 25.00 

Ash 14.00 45 .OO 5.10 5.03 5.25 5.25 4.15 

Volatile Matter, daf? < 14.00 50.00 46.87 48.70 47.44 50.19 45.87 
Q\ - Fixed Carbon 65.00 20.00 34.93 34.78 36.00 32.25 38.50 

Sulfur Content, % 0.50 1.60 0.32 0.29 0.26 0.32 0.38 

Sulfur Input, g SO,/MJ 0.34 3.12 0.33 0.28 0.25 0.33 0.35 

Heat Content, Wlkg 29,300 10,264 19,658 20,575 20,473 19,542 2 1,636 
' Not available. 

Dry, ash-free. . . 



Comparisons of the PRB subbituminous coals to the Ukrainian anthracite indicate very 
different fuels. All the subbituminous coals have lower heat and ash contents, higher moisture and 
volatile contents, and similar sulfur levels, based on a g S02/MJ basis. The PRB coals exhibit 
much higher reactivities than the anthracite, with special considerations required during storage, 
handling, and fuel preparation. 

5.2.2 Fuel Switchin? at Bobov Do1 

Impacts to boiler operation of a fuel switch to imported low-sulfur subbituminous coal 
should be minimal, provided boiler rehabilitation activities coincide with the fuel switch. Much of 
the current equipment (now 20 years old) requires replacement because of component wear. 
Changes to fuel properties when blending the Bobov Do1 with the PRB coals at the 40% and 50% 
PRB blend ratios are tabulated in Table 5-3. The lower ash loading should provide some relief for 
the attendant ash-related problems encountered with erosion of milling surfaces, superheater 
surfaces, and ID fan surfaces. The higher moisture contents of the blends will slightly increase the 
total flue gas volume; however, superheater surface layout should be well suited for this minor 
change in fuel property. An upgrade to the existing ESP is required to control particulate 
emissions, although this modification would be necessary anyway. Major modifications required 
to adequately fire a blended coal at the Bobov Do1 TPP are mainly in coal handling and storage. 

Reports indicate that the least-cost alternative for importing low-sulfur subbituminous coals 
for use at the Bobov Do1 TPP entails transport by ship to the harbor at Burgas, with rail transport 
from Burgas to Bobov Dol. The harbor is well suited to receive large vessels (up to 60,000 
tomes); however, improvements to coal unloading and storage must be undertaken to enable a 
consistent supply to the power plant. Current rail capacity to Bobov Do1 is deemed adequate to 
handle the entire fuel requirements for the power plant even for a 100% fuel switch to imported 
coal. To achieve a 30-day supply of fuel for the power plant at Bobov Dol, additional on-site coal 
storage capacity is required. Additional stockout/reclaim capacity with weigh feeders to ensure a 
consistent blend would also be required. Appendix B contains a detailed analysis prepared by 
TOTEMA discussing the fuel switching option. 

5.2.3 Fuel Switching at Varna 

The switch to low-sulfur subbituminous coal at the Varna TPP can be made successfully only 
with major modifications to coal-handling and storage capabilities, milling equipment, burners, 
heat-transfer surfaces, and particulate collection equipment. Even so, studies indicate that these 
changes would be more cost-effective than installing new capacity. In fact, the power plant has 
nearly reached the end of its useful life, and repowering would be required without regard to fuel 
switching. This will allow the conversion to accommodate either imported bituminous steam coal 
or low-sulfur subbituminous coal. The units at Varna are wet-bottom and pc-fired. Coal is milled 
indirectly and stored prior to firing. As part of the repowering, the boiler would be converted to 
direct firing of pulverized coal in a dry-bottom mode. Also under consideration is the advantage of 
firing coal-water fuels made from low-sulfur subbituminous coal. 

Anthracite from the Ukraine is currently supplied by 9000- to 10,000-tonne barges to the 
port at Varna. While the harbor can receive these vessels, it is currently inadequate to receive the 
larger ships required to cost-effectively transport the subbituminous or bituminous coals projected 



TABLE 5-3 

Expected Analyses of Bobov Dol-PRB Blends 

Blend Coal Cabal10 Roio Black Thunder Antelove Cordero Spring Creek 

Blend Ratio, wt % Bobov 40 50 40 50 40 50 40 50 40 50 
Do1 

Proximate Analyses, wt% 

Moisture 20.97 22.47 19.90 21.13 19.50 20.63 21.00 22.50 19.00 20.00 

Ash 29.04 25.05 29.01 25.02 29.10 25.13 29.10 25.13 28.66 24.58 

Volatile Matter, daf' ,48.75 48.44 49.48 49.35 48.98 48.72 50.08 50.10 48.35 47.94 

Fixed Carbon 25.97 27.47 25.91 27.39 26.40 28.00 24.90 26.13 27.40 29.25 

Sulfur Content, % 1.09 0.96 1.08 0.95 1.06 0.93 1.09 0.96 1.11 
0\ 

0.99 
W 

Sulfur Input, g SO,/MJ 1.55 1.28 1.50 1.23 1.48 1.21 1.56 1.29 1.50 1.24 

Heat Content, kJ/kg 14,022 14,961 14,388 15,420 14,348 15,369 13,975 14,903 14,813 15,950 
Dry, ash-free. 



for use at the station. Plans are under way to alleviate this shortcoming, although the current status 
of the project is not known. Existing coal storage capacity is deemed adequate to handle more than 
one fuel, although expansion of current storage capacity is planned. Since the unit is not expected 
to fire blended fuels, no elaborate modifications to coal-reclaim capabilities are needed. 

Converting the power plant to the more reactive subbituminous coals in a direct-fired mode 
will require the complete replacement of current milling and firing capabilities, including the 
addition of mill safety equipment. The rehabilitation is expected to convert each boiler to 
tangential firing with the installation of membrane furnace and division walls. The change in firing 
method and added surface is required for the lower-heat-content fuels to intensify the combustion 
flame and remove more heat in the furnace proper than would be removed under the current 
configuration, which was designed for the high-intensity combustion of anthracite. The 
higher-moisture and lower-heat-content PRB coals will tend to depress flame temperatures below 
those obtained during combustion of the anthracite, significantly reducing the radiant component of 
heat transfer in the furnace proper. In addition, the higher moisture content will increase the heat 
capacity and volume of the flue gas, carrying more heat out of the furnace and into the convective 
pass. Because of the additional heat in the convective pass, the superheat, reheat, and economizer 
surfaces of each boiler will need to be expanded and reconfigured. 

Convective pass ash-fouling propensity for the PRB coals can be expected to increase with 
increasing sodium content. Testing PRB coals in the EERC combustion pilot plant has indicated 
that significant differences in the fouling rate and deposit strength can be seen between coals with 
sodium contents as low as 1 .O% and 2.0%. Adequate sootblower coverage is required to keep the 
boiler free of fouling deposits. No ash analyses for the PRB subbituminous coals and anthracite 
were available, so no comparisons of fouling potential can be made between fuel types. The lower 
ash loading of the PRB coals will most certainly reduce the level of superheater surface erosion, 
currently the major cause of forced outages at Varna. In terms of adequate ESP performance, the 
subbituminous coal fly ash experiences difficulties with particle charging and is conditioned 
according to the sodium content of the fuel. Additional ESP capacity would be required to collect 
the PRB fly ash adequately, although an ESP upgrade for the units at Varna would even be 
considered without the change in primary fuel. Appendix B contains TOTEMA's suggestions for 
fuel switching at Varna. 
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6.0 EMISSION CONTROL 

Controlling emissions of particulate, sulfur dioxide (SO,), and nitrogen species (NO,) from 
coal-fired power plants is necessary in order to ensure the health of the world's environment and 
provide for the quality of life desired by the world's population. Although energy conservation in 
itself can limit the impact of energy use on the environment, the key to improving the quality of 
life in many parts of the world is the increased availability of affordable energy. Throughout the 
world, the use of various grades of coal and lignite to produce electricity currently plays a 
significant role in meeting worldwide energy demands. The use of coal and lignite resources is 
expected to increase dramatically as economically developing countries modernize and expand their 
electrical generating capacity to meet the growing demand. 

Emission control regulations in Bulgaria have become more restrictive since the breakup of 
the FSU and Bulgaria's move toward a market-based economy in recent years. Current regulations 
restrict the emission of particulate, SO,, and NO, for units with a capacity of > 50 MW. 
Particulate emissions are limited to 200 mg/Nm3 (0.15 IblMMBtu) for units built prior to 1995 
firing domestic fuels. Units built prior to 1995 and firing imported fuels are limited to 
150 mg/Nm3 (0.11 IbIMMBtu). New units are limited to particulate emissions of 100 mg/Nm3 
(0.074 lb/MMBtu) and 80 mg/Nm3 (0.059 IbIMMBtu), respectively, for domestic and import 
fuels. Sulfur dioxide emissions are limited to 3500 mg/Nm3 (2.59 IblMMBtu) for units built prior 
to 1995 firing domestic fuels. Units built prior to 1995 and firing imported fuels are limited to 
2000 mg/Nm3 (1.48 lb/MMBtu). New units are limited to SO, emissions of 650 mg/Nm3 
(0.48 lb/MMBtu) whether firing domestic or imported fuels. Although the control of particulate 
and SO, emissions has higher priority, limits have also been placed on the emission of nitrogen 
species. For units built prior to 1995, the NO, emission limits are 1000 mg/Nm3 (0.74 IbIMMBtu) 
and 1300 mg/Nm3 (0.96 IblMMBtu) for domestic and imported fuels, respectively. New units are 
limited to 600 mg/Nm3 (0.44 lb/MMBtu) regardless of the fuel source, domestic or imported. 

In this report, Sections 6.1 - Particulate Control, 6.2 - Sulfur Dioxide Control, 
6.3 - Control of Nitrogen Species, and 6.4 - Integrated Emission Control Systems briefly discuss 
U . S . experience with various emission control technology options. In addition, technology options 
that may be appropriate for use by the Bulgarian power industry are discussed, and U.S. 
companies experienced in the design, construction, installation, and operation of these technology 
options are identified. An example of an alternative regulatory framework is presented in Section 
6.5 - Overview of U. S. Regulations. 

6.1 Particulate Control 

Commercially available technologies such as ESPs and fabric filters have demonstrated their 
ability to control particulate emissions for a variety of fuel (bituminous and subbituminous coal and 
lignite) and boiler types around the world. In the United States, both ESPs and fabric filters have 
been used successfully to control particulate emissions in order to meet the current emission limit 
(New Source Performance Standard [NSPS]) of 0.03 IbIMMBtu (40 mg/Nm3) for units capable of 
firing > 250 MMBtuIhr ( > 73 MW) of heat input. This standard also limits opacity to < 20% and 
applies to units newly constructed or expanded after September 18, 1978. The use of ESPs has 
been significantly greater than the use of fabric filters in the United States because of their earlier 
technical development and acceptance for utility applications. Based on U.S. experience, both 



ESPs and fabric filters should be appropriate technology options for meeting the Bulgarian 
particulate emission limits of 80 to 200 mg/Nm3 (0.059 to 0.15 IbIMMBtu). 

The vast majority of present-day U.S. coal-fired systems make use of ESPs for particulate 
control. Current ESP designs and performance are generally adequate to meet the particulate 
NSPS, 0.03 lb/MMBtu (40 mg/Nm3), for a wide variety of boiler designs and fuel types 
(bituminous coal, subbituminous coal, and lignite). However, ESP performance is highly 
dependent on flue gas and fly ash composition and sensitive to flue gas flow rates, temperature, 
and particulate loadings. Although overall ESP particulate collection efficiency can be high, 
> 99%, collection performance is significantly reduced for particles between 0.1 and 1.0 microns 
in diameter. Reduced collection efficiency for fine particulate is caused by particles of different 
diameters having different effective migration velocities as well as particle reentrainment resulting 
from rapping characteristics. Therefore, conventional ESP technology is least effective at 
controlling fine-particle emissions, the anticipated focus of future U.S. regulations. However, 
European experience indicates that ESPs can meet more stringent emission standards for certain 
applications (1). 

Options for improving ESP performance include design modifications, upgraded power 
supplies and controls, chemical conditioning, pulse energization, prechargers, wet ESPs, and 
particle agglomeration, applied individually or in combination. One design modification that can 
be made to improve particle collection in an ESP is to increase the specific collection area (SCA, 
ft2/1000 acfrn). However, the cost of an ESP is directly related to its size and is dictated by the 
design SCA. Therefore, simply increasing the size of an ESP to improve performance is 
cost-prohibitive, and more cost-effective design improvements are necessary. 

One ESP design feature that has seen significant improvement over the years has been 
discharge electrode design. Early ESP designs in the United States were referred to as a 
weighted-wire type (2, 3). A more rugged and reliable design referred to as the rigid-frame 
originated in Europe and became popular in the United States in the 1970s (3, 4). In the 1980s, a 
general electrode design referred to as a rigid discharge electrode became popular and has been 
implemented by utilities to upgrade ESP performance (5, 6). Several specific discharge electrode 
geometric designs are all referred to as rigid discharge electrodes. The advantages of improved 
electrode designs include reduced cost, ease of installation, and improved electrode alignment, 
rapping characteristics, ESP reliability, and overall performance. 

Collection electrode design has also changed over the years, with U.S. designs primarily 
using shielded flat plates. Early designs made use of narrow plate spacings, while some early 
work and work completed in the 1970s showed that wider plate spacings result in higher particulate 
collection efficiencies (7-1 1). However, wide plate spacings are not appropriate in applications 
with high inlet particulate loadings consisting of very fine particles, as these conditions can result 
in high space charges and corona quenching. Electrode spacing is a critical design parameter 
requiring careful consideration of ESP design characteristics, flue gas composition, and fly ash 
characteristics in each application. Wider plate spacing has been successfully used in several 
recent utility ESP upgrades (5, 6 ,  12). 



Improvements have also been made to rapping mechanisms and control. In many cases, poor 
ESP performance has been related directly to problems with the rapping system. Rapping intensity 
and frequency have a significant effect on overall ESP performance (13-15). Insufficient rapping 
intensity and/or frequency can result in inadequate cleaning of collector plates and reduced 
collection efficiency. Excessive rapping intensity and/or frequency can result in ash reentrainment 
and reduced efficiency. Increasing the number of rapper locations and reducing rapping intensity, 
along with using computer controls to permit adjustments to rapping intensity and frequency for 
individual fields in an ESP, have contributed significantly to improvements in ESP performance. 

The advent of microprocessors to replace analog controllers has significantly improved the 
performance of high-voltage power supplies and controls for ESPs, resulting in reduced power 
usage and improved performance (1 4, 16, 17). Microprocessors permit rapid on-line monitoring 
of ESP operating conditions and permit precise control of power input to the electrodes. 

Design and component improvements, such as those described, have contributed significantly 
in recent years to observed increases in total mass particulate collection efficiency 
( < 99 % to > 99 %). However, these design improvements alone are not adequate to meet the 
performance requirements necessary for ESPs to control fine particulate emissions effectively and 
meet the particulate emission limits anticipated in the future. 

Chemical conditioning agents are a low-cost option for modifying flue gas and fly ash 
characteristics in order to improve ESP performance, and work in this area has been ongoing for 
many years. Chemical conditioning agents have included water, sodium compounds, ammonia, 
sulfur trioxide (SO,), and various proprietary compounds (18). Ammonia and SO, are the most 
common and successfully used conditioning agents. In the case of ammonia, its relatively low 
cost, readily available supplies, and simple injection system remain key elements of its continued 
use. However, ammonia has only been effective as a conditioning agent in limited ESP 
applications (19-21). Use of ammonia as a conditioning agent in ESPs appears to be most 
beneficial for chemically acidic fly ash. The benefits of ammonia conditioning are believed to 
include a space charge effect permitting a higher operating voltage, reduced reentrainment as a 
result of increased ash cohesiveness, and a reduction of stack opacity as a result of vapor-phase 
reactions preventing the formation of sulfuric acid mist. 

By far the most commonly used conditioning agent continues to be SO,. When injected into 
the flue gas, SO, adsorbs onto the surface of fly ash particles, reducing ash resistivity, effectively 
reducing back corona, and improving overall ESP performance (13, 14, 22). The amount of SO, 
required to achieve the desired effect is. usually small (< 20 ppm). However, the required amount 
in any particular application is dependent on fly ash chemistry and flue gas temperature. Fly ash 
generated as a result of firing a subbituminous coal will require larger concentrations of SO, to 
overcome the neutralizing effect of calcium (19). Low-sulfur coal applications are the primary 
commercial use for SO, conditioning in ESPs (19, 21). In some cases, SO, conditioning is part of 
the original ESP design strategy for low-sulfur coal applications. In other cases, SO, conditioning 
is a retrofit requirement subsequent to a utility switching from a high- to a low-sulfur coal. In 
many cases, the improvement in ESP performance was dramatic, with particulate collection 
efficiencies increasing from < 80% to > 90%. In other cases, the effect was less dramatic, with 
efficiencies increasing from 90 %-95 % to 95 % -99 % . 



The combined use of ammonia and SO,, referred to as dual flue gas conditioning, has been 
successfully tested at the pilot scale and implemented at full scale for certain applications (23-26). 
Dual conditioning is defined as the independent but simultaneous injection of SO, and ammonia. 
Full-scale application of dual conditioning has shown that, for some ashes, the use of ammonia in 
combination with SO, enhances the ability of the SO, to reduce resistivity for a given SO, 
concentration. In addition, enhanced ash cohesivity has been observed with, dual conditioning, 
even with high loss on ignition (LOI), effectively reducing ash reentrainment. Also, in cases 
where excess SO, in the flue gas resulted in a "blue plume," the addition of ammonia reduced the 
SO, concentration necessary to effectively reduce resistivity and reacted with excess SO, to 
eliminate the blue plume condition. 

Recent pilot-scale work using dual conditioning and a range of problematic fuels (lignite and 
subbituminous and bituminous coal), characterized as having a high ash resistivity requiring some 
level of SO, conditioning to achieve acceptable ESP performance, has indicated some advantages 
for the dual-conditioning approach (27, 28). Specifically, ammonia appears to enhance the ability 
of SO, to reduce resistivity and simultaneously increase ash cohesiveness. The desired effect is 
accomplished using lower concentrations of SO, in combination with ammonia than would be 
required with SO, alone. Overall performance results indicate a significant reduction in total mass 
emissions. More importantly, the data show a significant decrease in fine-particle emissions 
( < 10 microns). 

Based on full- and pilot-scale data, a combination of improved ESP design and equipment 
and the application of flue gas conditioning may be adequate to meet more stringent particulate 
emission limits in the future for certain fuels. However, the universal application of ESPs to meet 
future regulations is unlikely, and in the final analysis, technology selections will be based on 
technical performance and competitive economics. Therefore, the role of ESPs in the future 
industrial and utility markets is unclear. 

Pulse energization is another technique for overcoming ESP performance problems relating 
to high-resistivity ashes (29-34). The development of solid-state electronics and inexpensive high- 
voltage sources made pulse energization a commercial option in the 1970s. Application of a high- 
voltage pulse, at a relatively constant potential, generates a strong uniform corona, reducing 
excessive sparking and back corona. The overall effect is an improvement in current density and 
uniformity of distribution. Results from full-scale applications have shown that pulse energization 
is an effective option for returning an ESP to a performance level consistent with its original design 
or reducing the size and, effectively, the cost of a new ESP. However, pulse energization is no 
more effective technically or economically than flue gas conditioning. 

Precharging, generally referred to as multistage ESP, is another ESP design option that was 
conceived many years ago, but only became a technical and economical possibility with the advent 
of solid-state electronics. The concept involves charging particles and collecting particles in 
separate stages (35-40). Separating the stages allows charging fields 3 to 5 times higher than those 
used in conventional ESPs without sparkover. The concept permits the precharging field to be 
small, even for large volumetric flue gas flow rates. Various precharger designs are offered by 
various companies. 



Wet ESPs are considered a technical option for collecting material found to be problematic in 
conventional ESPs (41-44). Water is used to clean the collecting plates; resistivity is reduced as a 
result of saturating the flue gas with moisture; and reentrainment is minimized. The wet ESP has 
also been observed to control acid mist and fine-particle emissions more effectively. Problem 
areas include moisture-saturated flue gas, application difficulties for high-SO, and dust-loading 
conditions, wastewater treatment requirements, and the potential for maerial corrosion. However, 
wet ESPs are being used commercially in industrial and utility systems. 

Particle agglomeration is a concept under development that attempts to modify the size of fly 
ash particles in order to improve the performance of cyclones, conventional ESPs, and fabric 
filters. Specifically, individual fine particles (< 5 microns) collide and stick together, forming 
larger particles that are more easily collected. Early work focused on acoustic agglomeration 
(45-50). This concept used high-frequency sound to promote the oscillating motion of particles 
entrained in the gas stream. Although some technical success was achieved, problems relative to 
energy consumption, adequate sound insulation to protect operations personnel, and limited 
performance results at a flue gas mass loading consistent with utility systems limited development 
work in recent years. The recent focus of development efforts has been on the use of electrostatic 
charging of particles to promote particle agglomeration. All of this work appears to be fairly 
recent, and development efforts are mostly proprietary. Thus little information has been 
published. 

In order for ESP technology to play a significant role in meeting future U.S. particulate 
emission standards, it will be necessary to demonstrate improved fine-particle capture at a cost 
competitive with other technologies. However, current commercial ESP technology options are 
able to meet the needs of the Bulgarian coal-fired electrical generating systems. 

6.1 .2 Fabric Filters 

Although one of the oldest methods for removing solid particles from a gas stream, fabric 
filtration began to play a prominent role in particulate emissions control in the U.S. utility sector 
only in the early 1970s. Initially, fabric filters were thought to be the answer to the performance 
problems experienced by ESPs. For many applications, specifically low-sulfur coals generating 
high-resistivity ashes, fabric filters were found to be a good alternative to ESPs. Full-scale 
performance results demonstrated particulate control levels ranging from 98% to nearly 99.99% 
(51-53). Operating differential pressure ranged from 4- to &inches water column (W.C.), and 
typical bag life has increased to 3 years since early installations in the 1970s. Baghouse reliability 
has been excellent, with problems corrected during scheduled outages or in service, resulting in 
essentially no impact on boiler availability. Fabric filters were also observed to collect fine 
particles more efficiently than conventional ESPs (54-56). Specifically, the fractional efficiency 
for a fabric filter is 99% versus 95 % for an ESP for particles ranging in size from 0.1 to 
1 .0 microns. 

However, fabric filters have their own set of disadvantages: large space requirements; the 
application of expensive specialized fabrics for potentially chemically active environments, dust 
explosion, and fire hazards; reduced performance for fine particles (< 2.5 microns); and 
susceptibility to performance limitations (particulate collection efficiency and differential pressure) 
for problematic ashes. As a result, fabric filtration research has focused on several fundamental 



areas: dust cake formation, fabric development, pressure drop control, and improved fine-particle 
collection. Even a brief discussion of these topics is not possible in this document; however, a 
summary of these topics with extensive references was prepared and published by EERC personnel 
in 1987 (57). 

Early utility fabric filter installations were low face velocity (< 3 fttrriin), reverse-gas or 
shake-deflate units using a woven fiberglass fabric. Based on successful performance in the 
industrial sector, pulse-jet fabric filters (PJFF) have recently begun to penetrate the utility industry 
worldwide (58-61). The primary advantage for the PJFF fabric filter is its higher operating face 
velocity (3 to 6 ftlmin) which results in a smaller overall unit that is significantly less expensive to 
build than the reverse-gas or shake-deflate units. Early concerns with bag life and cleaning system 
complexity have been resolved to a large degree with the development of more durable fabrics and 
simpler low-pressure, high-volume cleaning concepts. Particulate collection efficiencies have met 
the U.S. 0.03 IbIMMBtu NSPS in all cases, with many systems controlling emissions to less than 
0.01 1bIMMBtu. However, this level of performance may not be adequate to meet the stricter 
emission limits anticipated in the future. 

Pilot-scale tests sponsored by EPRI have shown that pulse-jet baghouses have broad 
application to utility systems (62, 63). A slipstream baghouse operating on an older boiler firing a 
low-sulfur coal demonstrated particulate collection efficiencies of 99.99%, with an operating 
differential pressure of 4-inches W. C. Measured outlet emissions were generally 
< 0.002 IblMMBtu. Results on a high-sulfur application also showed good particulate collection 
performance, with emissions generally < 0.01 IbIMMBtu. However, in this case, bag failures 
began to occur after 3000 hours of operation. Based on the data from these pilot-scale tests, it 
appears that PJFFs can successfully control particulate emissions from utility boilers to meet 
current NSPS and, in some cases, may be able to meet the stricter standards anticipated in the 
future. 

Options for improving fabric filter fine-particle performance include design modifications, 
electrostatically enhanced filtration, chemical conditioning, and particle agglomeration, applied 
individually or in combination. In a fabric filter, a significant proportion of the emissions result 
from emission spikes during cleaning cycles. Therefore, any design or operational modification 
that would reduce cleaning cycle frequency or the resulting emission spike would improve the fine- 
particle collection efficiency of fabric filters. Another design approach that would improve the 
fine-particle collection efficiency in a fabric filter is to increase the fabric collection area, 
effectively operating at low face velocities. However, the cost of a fabric filter is directly related 
to its size. Therefore, simply increasing the size of the fabric filter to improve performance is 
cost-prohibitive, and more cost-effective design options are necessary. 

Development of electrostatically enhanced fabric filters has been ongoing for more than 
20 years (64-72). Results indicate that for some design variations, both particulate emissions and 
differential pressure can be significantly reduced, cost-effectively. However, high ash resistivity 
can be problematic, and power consumption in some cases can be significant. Commercial 
implementation of electrostatically enhanced fabric filters has not occurred because of the 
perceived complexity of a combined fabric filter and high-voltage components and the absence of a 
need for a technology capable of meeting performance goals beyond those possible with 
conventional fabric filtration. However, the recent interest in fine-particle emissions 



(< 2.5 microns), air toxics, and the anticipation of more restrictive particulate emission regulations 
may motivate commercial development of electrostatically enhanced fabric filters. 

Flue gas conditioning, as applied to fabric filters, has seen continued development success 
since the early 1980s (73-77). Early work on a full-scale utility baghouse demonstrated that 
ammonia conditioning improved particulate collection efficiency from 5: 98 % to > 99.9 % on a 
total mass basis, but no fractional efficiency data were reported. Early pilot-scale data showed that 
using a combination of SO, and ammonia can be effective in reducing fine particulate emissions as 
well as total emissions by several orders of magnitude. In addition, operating pressure drop was 
reduced by 30 % to 75 % . The basis for improved performance is an increase in the cohesive 
strength of the dust cake, which reduces particle penetration but simultaneously increases the 
porosity of the dust cake, minimizing differential pressure. 

A recent pilot-scale study on pulse-jet baghouse applications has shown that flue gas 
conditioning with SO, and ammonia can increase particulate collection efficiency to levels ranging 
from 99.95% to 99.99% (78). This work was completed using a range of coals and filter face 
velocities (4 to 16 ftlrnin). The operating differential pressure was also reduced in each case. 
These results indicate the potential for meeting a stricter emission standard using a PJFF in 
combination with dual flue gas conditioning. The results also imply that current emission 
standards can be met using smaller fabric filters operating at higher face velocities. 

Bench- and laboratory-scale tests evaluating alternative conditioning agents have been 
completed, indicating a significant reduction in the level of particulate emissions comparable to 
those observed with SO, and ammonia (79). Further development work will attempt to c o n f i i  
these results at the pilot and full scale in an effort to identify a cost-effective alternative to SO, and 
ammonia. 

The performance of fabric filters could also be improved by the successful application of 
particle agglomeration techniques. As stated previously in reference to ESP applications, particle 
agglomeration is an attempt to create one large ash particle from several small ash particles. 
Although fabric filters are generally better collectors of fine particulate than ESPs, a reduction in 
the quantity of fine particulate as a result of particle agglomeration would also benefit fabric filter 
performance. 

In order for fabric filter technology to play a significant role in meeting future U.S. 
particulate emission standards, improved fine-particle capture at a cost competitive with other 
technologies must be demonstrated. However, current commercial fabric filter technology options 
should be more than adequate to meet the particulate emission control objectives of the Bulgarian 
coal-fired electrical generating systems. 

6.1.3 ODtions for the Bulgarian Power Industry 

Table 6-1 lists six Bulgarian power stations for which limited information was obtained from 
Bulgarian sources. These six stations-Bobov Dol, Varna, Maritsa 3, Maritsa East 1, Maritsa East 
2, and Maritsa East 3-represent 4840 MW of gross electrical capacity. Available information 
indicates that particulate emissions from the various units range from 290 to 600 mg/Nm3 (0.22 to 
0.45 IbIMMBtu), exceeding the 200 mg/Nm3 (0.15 IbIMMBtu) emission limit established for pre- 



TABLE 6-1 

Available Information for Coal-Fired Bulgarian Power Plants 

Power Plant Name Bobov Dol Varna Maritsa 3 Maritsa East 1 Maritsa East 2 Maritsa East 3 

Gross Plant Capacity, MW 630 1260 170 500 1440 840 

Number of Units 3 6 2-25 6 8 4 

Gross Unit Capacity, MW 

Year Commissioned 

Boiler Type 

Fuel Source 

Front Wall-Fired Front Wall-Fired Front Wall-Fired Front Wall-Fired Front Wall-Fired Front Wall-Fired 
Wet Bottom Wet Bottom Wet Bottom Wet Bottom Wet Bottom Wet Bottom 

1 Tangentially Fired 

Bobov Dol Ukrainian Lignite Lignite Lignite Lignite 
Subbituminous Anthracite Marbas Troyanovo 1 Troyanovo 2 Troyanovo 3 

4 Ash, wt% 38-46 12-16 N A N A 12-23 15 
h, 

Moisture. wt% 

Sulfur, wt% 

Heating Value, KJlkg 

Particulate Control 

Current Emissions, mg1Nm3 

ESPs ES Ps N A N A ESPs ESPs 

N A 290 N A NA 400-600 400-600 

SO, Control None None None None None . . None 

Current Emissions, mg/Nm3 

NO, Control 

Current Emissions, mglNml 

8400 4100 12.000-13,000 N A 12.000-13,000 12,000-13,000 

None None None None None None 

605-620 1880-2000 1100-1300 NA 1100-1300 1100-1300 



1995 units firing domestic fuel. Current particulate emissions must be reduced by 3 1 % to 66.7 % 
in order to meet the 200-mg/Nm3 (0.15-lb/MMBtu) standard. Since both ESPs and fabric filters 
have demonstrated the ability to meet the U.S. particulate emissions limit of 0.03 IblMMBtu 
(40 mg/Nm3), both of these technology options should be capable of meeting the Bulgarian 
particulate emission limits of 80 to 200 mg/Nm3 (0.059 to 0.15 IbIMMBtu). The key to 
successfully implementing cost-effective equipment or procedural changes to meet the desired 
particulate emission limits on existing units will be to evaluate particulate control upgrade options 
in combination with any other unit or stationwide changes planned. For example, plans for fuel 
switching and boiler upgrades must be factored into the particulate control evaluation process in 
order to effectively control cost and meet emission limit objectives. For new units, subject to the 
100-mg/Nm3 (0.074-lb/MMBtu) limit for domestic fuels or 80 mg/Nm3 (0.059 IbIMMBtu) for 
imported fuels, the selection of particulate control technology should be factored into the bid 
process for an overall unit, with economics, performance, and reliability motivating the decision 
process. Since the scope of this study and the amount of information available concerning the 
status and condition of the existing units were very limited, it was not possible or appropriate to 
discuss equipment or procedural upgrade options in detail. Therefore, the intent was to describe 
briefly a range of technology upgrade options and identify U. S. companies that have shown an 
interest in projects in Bulgaria and have demonstrated experience relative to the technology areas of 
interest. 

Since ESP technology has been extensively applied in Bulgarian power stations to control 
particulate emissions, the first step must be to evaluate options for upgrading the existing ESPs 
prior to considering the application of alternative technologies. In this evaluation, ESP upgrades 
were only seriously considered for units at four of the six stations identified: Bobov Dol, Varna, 
Maritsa East 2, and Maritsa East 3. Units at Maritsa East 1 are all over 30 years of age and were 
recommended for decommissioning in a study completed by Overseas Bechtel, Inc., in 1993. 
Therefore, particulate control equipment upgrades and technology retrofit options were not 
considered for Maritsa East 1. If the Maritsa East 1 station were to be repowered using a 
circulating fluid-bed (CFB) boiler, a PJFF was recommended by Raytheon Engineers & 
Constructors as the least-cost particulate control option. Environmental Elements Corporation 
(EEC) recommended the use of a spray dryer absorber followed by a fabric filter to achieve 
particulate and SO, control requirements if the repowering option were pursued. 

The Maritsa 3 Station is also characterized by old units: two units over 40 years of age and 
one unit over 20 years of age. Decommissioning of the existing units was recommended in the 
1993 Overseas Bechtel, Inc., study along with repowering using a CFB boiler. Repowering using 
gas-fired boilers was also recommended as an option because of the poor quality of the available 
domestic lignite. In this case, if gas-fired boilers were selected, no particulate control would be 
required. If a CFB boiler were selected as the appropriate repowering option, a PJFF would be 
recommended for meeting particulate control requirements. 

Table 6-2 presents a list of, and identifies a point of contact for, U.S. companies that 
provided a response to a request for information concerning particulate control technology options 
appropriate for the Bulgarian power industry and related company capabilities and experience. 
Specific comments made by Raytheon Engineers & Constructors and EEC for each of the six 
stations along with some general company information relative to capabilities and experience can 
be found in the vendor appendix. General information provided by other companies relative to 



TABLE 6-2 

U. S. Companies Providing Information Concerning 
Particulate Control Technology 

ABB Environmental Systems Burns & McDonnell 
3 1 Inverness Center Parkway 
Birmingham, Alabama 35242 
Mr. Paul Yosick 
Director of Marketing 
Telephone (205) 995-532 1 
Fax (205) 995-5496 

Black & Veatch 
1 140 1 Lamar Avenue 
Overland Park, Kansas 662 1 1 
Mr. Leroy E. Kashka 
Project Manager 
Telephone (9 13) 339-243 1 
Fax (913) 339-2934 

4800 East 63rd Skeet 
Kansas City, Missouri 64130 
Mr. John P. Werthman, P.E. 
Manager, Business Development 
Air Pollution Control Division 
Telephone (8 16) 822-3437 
Fax (8 16) 822-3415 

Environmental Elements Corporation 
3700 Koppers Street 
PO Box 1318 
Baltimore, Maryland 2 1203 
Mr. Hamilton G. Walker, Jr. 
Manager, International Business 
Telephone (4 10) 368-7046 
Fax (4 10) 368-672 1 

Raytheon Engineers & Constructors Sargent & Lundy Engineers 
PO Box 5888 55 East Monroe Street 
Denver, Colorado 802 17 Chicago, Illinois 60603-5780 
Mr. Paul A. Ireland Mr. William DePriest 
Chief Engineer, Air Pollution Control Manager, Air Quality Control Services 
Telephone (303) 843-3420 Telephone (3 12) 269-6678 
Fax (303) 843-2358 Fax (3 12) 269-3634 

capabilities and experience is also included in the vendor appendix. It cannot be overstated that the 
general comments made in the following paragraphs are just that, general comments. These 
comments are based on limited information. Ultimately, any detailed station or unit rehabilitation 
plans must be based on thorough, detailed technical evaluations of each unit, including the 
consideration of social and economic constraints specific to Bulgaria. A key element to 
controlling the cost of upgrades would be the manufacture of components in Bulgaria or other 
central European countries where possible. 

Bobov Do1 

The Bobov Do1 Station consists of three units built in the mid-1970s, each rated at 210 MW 
firing a domestic subbituminous coal. Key factors affecting plant operations, as identified in the 
1993 Overseas Bechtel, Inc., study, have been fuel shortages, air in-leakage, boiler slagging, ash 



erosion of the ID fan, and poorly performing ESPs (86.3% to 97.8% particulate control). Because 
fuel shortages are a key issue for this plant, resolution of this issue is important prior to evaluating 
options for boiler rehabilitation or equipment upgrades for improving particulate control. Once the 
fuel source has been selected, imported versus domestic, and boiler rehabilitation options have 
been selected, ESP upgrade options can be evaluated. Raytheon Engineers & Constructors 
suggested that the existing ESPs may be adequate if the fuel source selected were a low-sulfur coal 
blend and appropriate improvements were made to the boiler/combustion systems. Raytheon also 
suggested that replacement of ESP internals may be economical if it proved necessary to repair 
structural internals in order to extend life. Also, ESP performance could be improved relative to 
reduced emissions and increased reliability by simply upgrading the transformer and rapper 
controls. 

EEC stated that the ESPs at the Bobov Do1 Station could probably be upgraded for half the 
cost of installing new ESPs. Its specific approach, based on rehabilitation projects completed in 
Poland, would be to add 30% to 40% more collection area into the existing casing without 
impacting the plan area or ID fan. This would be accomplished by reducing between-field access 
and increasing the height of the ESP but allowing for the reuse of existing support steel, ash 
hoppers, and the handling system. Minor modifications to the inlet and outlet ductwork would also 
be necessary to ensure proper gas distribution, and careful consideration must be given to material 
corrosion issues for high-moisture fuels. Other upgrades would include new transformers, the 
rapping system, and controls. In the event that a low-sulfur fuel were selected, flue gas 
conditioning might be necessary to achieve the desired ESP performance. 

Varna 

The Varna Station consists of six units built in an 1 1-year period beginning in 1968, each 
rated at 210 MW firing a Ukrainian anthracite coal. Key factors affecting plant operations, as 
identified in a 1993 Overseas Bechtel, Inc., study, have been fuel shortages, SH failures, and ash 
erosion. Because fuel shortages are a key issue for this plant, resolution of this issue is important 
prior to evaluating options for boiler rehabilitation or equipment upgrades for improving 
particulate control. Once the fuel source has been selected, imported versus domestic, and boiler 
rehabilitation options have been selected, ESP upgrade options can be evaluated. Particulate 
emissions of 290 mg/Nm3 (0.218 lb/MMBtu) were reported for the Varna Station in the Overseas 
Bechtel, Inc., study. Based on these emissions, upgrades to the existing ESPs should result in the 
ability to meet the pre-1995 emission standards, 200 mg/Nm3 (0.15 IblMMBtu) for domestic fuels 
and 150 mg/Nm3 (0.11 lb/MMBtu) for imported fuels, or the post-1995 emission standards, 
100 mg/Nm3 (0.074 lb/MMBtu) for domestic fuels and 80 mg/Nm3 (0.059 lb/MMBtu) for 
imported fuels. The ESP upgrades specifically recommended in the Overseas Bechtel, Inc., study 
included improvements in energization, rapping characteristics, and flue gas flow distribution. 
Flue gas conditioning was also recommended as a low-cost option for improving ESP performance, 
depending on fly ash characteristics. 

Raytheon Engineers & Constructors supported the ESP upgrade recommendations in the 
Overseas Bechtel, Inc., studfr, assuming that the suggested boiler rehabilitation activities were 
completed and that a fuel blendlswitch approach were used to accomplish SO, control objectives. 
Raytheon also recommended the use of flue gas conditioning and suggested that a common reagent 
storage system be considered to minimize the required capital investment. 



EEC stated that the ESPs at the Varna Station could be upgraded to meet the Bulgarian 
particulate emission limits. Their specific approach suggested the replacement of ESP internals 
(plates and electrodes); an increase in collection area with greater sectionalization; the installation 
of new flue gas flow control devices to improve gas distribution; and the installation of new 
transformers, rapping system, and controls. 

Maritsa East 2. Units 1-4 

The Maritsa East 2 Station consists of eight units built over a 27-year period beginning in 
1963. The first four units were built from 1963 through 1969, and each is rated at 150 MW firing 
a Troyanovo 2 lignite. Flue gas from these four units is emitted through a single stack along with 
flue gas from Units 5 and 6. These four units have been derated to a 520-MW combined output 
because of poor fuel quality-specifically, high moisture content. Other key factors affecting unit 
operations, as identified in a 1993 Overseas Bechtel, Inc., study, have been fuel availability caused 
by processing and handling problems, lower furnace tube failures due to overtemperature, and 
economizer erosion. Although fuel availability has been a problem, there are no plans to switch 
fuels. Fuel drying has been used in the past to upgrade the lignite and may be used in the future. 
However, unit rehabilitation activities must be based on the continued use of the high moisture 
and high ash lignite. Once the boiler rehabilitation and SO, control options have been selected, 
ESP upgrade options can be evaluated. Particulate emissions of 400 to 600 mg/Nm3 (0.30 to 
0.45 lb/MMBtu) were reported for the Maritsa East 2 Station in the Overseas Bechtel, Inc., study. 
Based on these emissions, upgrades to the existing ESPs should result in the ability to meet the pre- 
1995, 200 mg/Nm3 (0.15 IbIMMBtu), or the post-1995, 100 mg/Nm3 (0.074 IbJMMBtu), emission 
standards for domestic fuels. The ESP upgrades specifically recommended in the Overseas 
Bechtel, Inc., study included improvements in energization, rapping characteristics, and flue gas 
flow distribution. The Overseas Bechtel, Inc., study also assumed that particulate control would 
be augmented by the recommended addition of wet scrubbers or other flue gas SO, control 
technology selected. 

Raytheon Engineers & Constructors supported the ESP upgrade recommendations in the 
Overseas Bechtel, Inc., study as a minimum, assuming that wet FGD were selected to control SO, 
emissions. However, Raytheon cautioned that adequate ESP performance would be required in 
order to avoid scrubber chemistry and operability problems. If a dry system such as a spray dryer 
absorber or Lurgi CFB were used for particulate and SO, control, a new ESP or PJFF would be 
required. A new ESP, preferred for Lurgi CFB technology, would require an SCA of 
> 500 ft2/ 1000 acfrn. 

EEC stated that the ESPs at the Maritsa East 2 Station could be upgraded to meet the 
Bulgarian particulate emission limits and reduce maintenance requirements. Their specific 
approach suggested the replacement of ESP internals using American-designed plates and 
electrodes; an increase in collection area; the installation of new flue gas flow control devices to 
improve gas distribution; and the installation of new transformers, rapping system, and controls. 
Additional collection area may not be necessary, but the cost of the additional collection area 
would be offset by greater fuel flexibility relative to ESP performance. In the event that spray 
dryer absorbers (SDA) were selected for SO, control, ESP upgrades would not be necessary since 
particulate control requirements would be accomplished in the combined absorber-fabric filter 
system. 



Maritsa East 2. Units 5-8 

Units 5 through 8 at Maritsa East 2 were built from 1985 through 1990, and each is rated at 
210 MW firing a Troyanovo 2 lignite. Flue gas from these four units is emitted through two 
stacks: a single stack for Units 1 through 6 and a second stack for Units 7 and 8. Key factors 
affecting unit operations, as identified in a 1993 Overseas Bechtel, Inc., study, have been fuel 
quality (high moisture and ash) and availability caused by processing and handling problems, 
burner area ash erosion, economizer erosion, and limited turndown capacity, 140 MW. Although 
fuel availability has been a problem, there are no plans to switch fuels. Fuel drying has been used 
in the past to upgrade the lignite and may be used in the future. However, unit rehabilitation 
activities must be based on the continued use of the high-moisture and high-ash lignite. Once the 
boiler rehabilitation and SO, control options have been selected, ESP upgrade options can be 
evaluated. Particulate emissions of 400 to 600 mg/Nm3 (0.30 to 0.45 lb/MMBtu) were reported 
for the Maritsa East 2 Station in the Overseas Bechtel, Inc., study. Based on these emissions, 
upgrades to the existing ESPs should result in the ability to meet the pre-1995, 200 mg/Nm3 
(0.15 IbIMMBtu), or the post-1995, 100 mg/Nm3 (0.074 IbIMMBtu), emission standards for 
domestic fuels. The ESP upgrades specifically recommended in the Overseas Bechtel, Inc., study 
for Units 5 through 8 were the same as those discussed for Units 1 through 4. 

Raytheon Engineers & Constructors also made recommendations for Units 5 through 8 
similar to those made for Units 1 through 4. In addition, Raytheon commented that the use of an 
ammonia-based scrubber system may require better overall particulate control in order for the 
ammonium sulfate by-product to be used as a fertilizer in agricultural applications. Better 
particulate control may be necessary to limit the concentration of heavy metals, boron, and other 
compounds in the fertilizer, depending on local regulations. If improved ESP performance is 
required to limit the quantity of heavy metals, boron, or other compounds reaching the scrubber, 
increasing the ESP SCA may be adequate. Another option would be to install a high-face-velocity 
pulse-jet baghouse downstream of the ESP using the compact hybrid particulate collector 
(COHPAC) concept. 

EEC stated that a more thorough upgrade of the ESPs on Units 5 through 8 should be 
considered. The specific approach suggested was the complete replacement of ESP internals using 
American-designed plates and electrodes; an increase in collection area; the installation of new flue 
gas flow control devices to improve gas distribution; and the installation of new transformers, 
rapping system, and controls. Substantial upgrades were recommended for the ESPs at Maritsa 
East 2 because of the poor quality of the fuel that will be used at this station. 

Maritsa East 3 

The Maritsa East 3 Station consists of four units built in a 3-year period beginning in 1978, 
each rated at 210 MW firing Troyanovo 3 lignite. Key factors affecting plant operations, as 
identified in a 1993 Overseas Bechtel, Inc., study, have been fuel quality (high moisture and ash), 
furnace wall damage caused by high ash loading and flame impingement, furnace slagging, high 
furnace exit temperatures, SH and RH overheating, and economizer erosion. Although fuel quality 
has been a problem, there are no plans to switch fuels. Therefore, unit rehabilitation activities 
must be based on the continued use of the high moisture and high ash lignite. Once boiler 
rehabilitation options have been selected, ESP upgrade options can be evaluated. Particulate 



emissions of 400 to 600 mg/Nm3 (0.30 to 0.45 lb/MMBtu) were reported for the Maritsa East 3 
Station in the Overseas Bechtel, Inc., study. Based on these emissions, upgrades to the existing 
ESPs should result in the ability to meet the pre- 1995, 200 mg/Nm3 (0.15 lb/MMBtu), or the post- 
1995, 100 mg/Nm3 (0.074 lb/MMBtu), emission standards for domestic fuels. The ESP upgrades 
specifically recommended in the Overseas Bechtel, Inc., study included improvements in 
energization, rapping characteristics, and flue gas flow distribution. 

Raytheon Engineers & Constructors supported the ESP upgrade recommendations in the 
Overseas Bechtel, Inc., study as a minimum assuming that wet FGD were to be selected to control 
SO, emissions. However, Raytheon cautioned that adequate ESP performance would be required 
in order to avoid scrubber chemistry and operability problems. If a conventional spray dryer 
absorber were used for particulate and SO, control, a new PJFF could be required, eliminating the 
need for ESP upgrades. An alternative to the new PJFF would involve upgrading the existing 
ESPs and adding a high-face-velocity pulse-jet baghouse using the COHPAC concept. If the Lurgi 
CFB is used for particulate and SO, control, the COHPAC concept in combination with the Lurgi 
dust curtain may be an appropriate option. 

EEC stated that a more thorough upgrade of the ESPs at Maritsa East 3 should be 
considered. The specific approach suggested was the replacement of ESP internals using 
American-designed plates and electrodes; an increase in collection area and electrical 
sectionalization; the installation of new flue gas flow control devices to improve gas distribution; 
and the installation of new transformers, rapping system, and controls. Substantial upgrades were 
recommended for the ESPs at Maritsa East 3 because of the poor quality of the fuel that will be 
used at this station. 

6.2 Sulfur Dioxide Control 

Present NSPS for U.S. utility coal-fired boilers limit sulfur dioxide (SO,) emissions to a 
maximum of 1.2 lb/MMBtu (1620 mg/Nm3) and require a minimum of 70% to 90% SO, control, 
depending on potential SO, emissions. This limit applies to facilities newly constructed or 
expanded after September 18, 1978, having an input firing rate of > 250 MMBtu/hr (> 73 MW). 
The U.S. 1990 Clean Air Act Amendments require 11 1 uncontrolled utility plants to reduce SO, 
emissions to 2.5 lb/MMBtu (3380 mg/Nm3) in 1995, and all plants must meet a 1.2-lb/MMBtu 
(1620 mg/Nm3) emission limit by the year 2000. More importantly, in the year 2000, all existing 
and new utility plants will be restricted to a combined emissions cap of 8.9 million tons of SO, 
annually. As a result, new units will have to obtain SO, allowances from the control or closing of 
older units. Therefore, recent regulatory activities have provided a significant incentive for the 
development of highly efficient, cost-effective technology options for meeting these U.S. emission 
standards. 

Commercially available FGD technologies such as SDA and wet limestone scrubbers (WLS) 
have demonstrated their ability to control SO, emissions for a variety of fuel (bituminous and 
subbituminous coal and lignite) and boiler types around the world. In the United States, both SDA 
and WLS have been used successfully to control SO, emissions in order to meet the NSPS for SO,. 
As a general rule, SDA have been used for low-sulfur fuel applications with SO, control 
requirements of s85 %, and WLS have been used for applications requiring > 85 % SO, control. 
However, WLS have also been used for low-sulfur fuel applications, and recent studies have 



evaluated the use of SDA for high-sulfur-fuel applications requiring 90% SO, control. Based on 
U.S. experience, both SDA and WLS should be appropriate technology options for meeting the 
Bulgarian SO, emission limits of 650 to 3500 mg/Nm3 (0.48 to 2.59 IblMMBtu). 

6.2.1 T J.S. Experience 

Coal- and lignite-fired electrical generating units in the United States, subject to the NSPS 
for SO,, have relied on conventional wet or dry scrubbing technology to meet emission limits. In 
anticipation of acid rain legislation, several low-capital-cost retrofit technologies were developed 
and demonstrated. These low-capital-cost retrofit technologies generally included some form of 
furnace or duct injection using various types of calcium- and/or sodium-based sorbents with flue 
gas humidification. Although these retrofit concepts were low-capital-cost options, they impacted 
system performance to varying degrees, had limited SO, control potential, generated large 
quantities of solid waste for disposal or limited reuse applications, and did not adequately 
anticipate the market-based emission control/trading program permitted by the Clean Air Act 
Amendments of 1990. As a result, of the 261 units (89,545 MW) affected by Phase I 
requirements, only 25 units (13,500 MW) opted for the use of emissions control technology to 
meet the 2.5 lb/MMBtu (3380 mg/Nm3) limit (80). Limestone forced-oxidation (LSFO) units 
represented the majority of the new systems, with a few magnesium-lime units also selected. The 
average cost for these retrofits was reported to be about US$231/kW with a range of US$120 to 
US$348/kW. Fewer spares, larger absorbers, vendor competition, and low interest rates were 
identified as key cost factors. Roughly 62 % (> 50,000 MW) of the Phase I units elected to switch 
or blend fuels to meet the SO, limit. Emission allowance trading as a result of overcontrol and unit 
retirement was used to meet requirements for the remaining units. 

Papers were recently presented documenting the successful completion of seven Phase I FGD 
retrofit projects (81-87). In all cases, SO, removal was > 90% with a few > 95 %. LSFO was 
selected for five of the seven retrofits, with commercial-grade gypsum produced as a by-product in 
three of the five units and gypsum stacking applied in two cases. Two of the LSFO units included 
the use of acid additives to increase SO, removal to levels > 95 %. Wet, magnesium-enhanced, 
lime scrubbing was employed in one case representing 1920 MW with an SO, removal guarantee of 
98 % . The seventh project applied a wet limestone, inhibited-oxidation system, using an 
emulsified sulfur solution, to a 650-MW unit. Performance tests demonstrated SO, removal 
efficiencies of 92% to > 95 % using two absorber modules. 

Although SDA has been successfully applied to utility applications in the United States, 
variations on WLS systems have dominated past as well as recent technology selections for SO, 
control. In the U.S. utility industry, SDA installations have been limited to low-sulfur 
subbituminous coal- and lignite-fired units. However, in recent years, conventional SDA and 
technical variations have been evaluated for medium- and high-sulfur coal applications (88-90). 
Pilot-scale SDA tests sponsored by EPRI and others have demonstrated that a conventional 
SDAIPJFF can achieve SO, removal of 95 % and greater. Key factors influencing performance 
include lime type, flue gas inlet temperature, SO, concentration, and chloride concentration. 
Variations on SDA technology have also demonstrated > 90% SO, removal during subscale 
demonstration efforts. In response to Phase I SO, control requirements, SDA technology was not 
selected for any of the retrofit projects reported in the literature. Industry consensus indicates that 



the future installation of SDA in the United States will be limited to smaller industrial coal-fired 
units and municipal waste combustion systems. 

B&W recently reported results from a 5-MWe pilot-scale test evaluating the potential use of 
two dry scrubbing concepts for medium- to high-sulfur coal applications (91). The first concept, 
referred to as advanced dry scrubbing, requires careful attention to absorber and atomizer design 
and slurry feed in order to achieve deposition-free operation of the absorber and reliable baghouse 
performance at an approach-to-saturation temperature of 10°F rather than 30°F or greater which is 
more typical for utility SDA systems. Another key element is the use of a patented droplet 
impingement device to control the location at which deposition occurs when operating at a low 
approach-to-saturation temperature. Sulfur dioxide removal for the advanced dry scrubbing 
concept was reported to be > 95 % at a 10°F approach temperature and a Ca/S molar ratio of 1.15. 
The second concept, referred to as limestone injection dry scrubbing (LIDS), combines furnace 
injection of limestone with SDA. Sulfur dioxide removal occurs in three locations: in the furnace, 
in the SDA, and in the baghouse. The lime source for the SDA is recycle solids collected in the 
baghouse, eliminating the need for pebble lime. Factors requiring careful attention are the furnace 
temperature at the point of limestone injection, the amount of limestone injected into the furnace 
(Ca/S), and the approach-to-saturation temperature in the SDA and baghouse. Sulfur dioxide 
removal for the LIDS concept was reported to be > 95% at a 10°F approach temperature and a 
Ca/S molar ratio of 1.44. An economic evaluation of the two concepts indicates that the 
economics are favorable for smaller units ( < 300 MW) requiring 90% SO, control when compared 
to conventional wet FGD systems. Based on these results, B&W intends to further evaluate the 
performance of these concepts at the 10-MW scale. 

Pilot-scale studies sponsored by EPRI and others evaluated the use of organic acid additives 
to improve wet scrubber performance (92). Results indicated that the use of an organic acid 
additive along with a reduction in the liquid-to-gas (L/G) ratio was a cost-effective method of 
increasing the performance of an existing scrubber from 85% to 95 % SO, control. Field tests, 
sponsored by DOE Pittsburgh Energy Technology Center (PETC), have shown that the use of 
organic acid additives is capable of improving scrubber performance from 85 %-go% to 95 %-98 % 
SO, removal (93-98). Incremental costs for the additional SO, removal were estimated to be 
US$30 to US$lSO/ton, depending on the baseline performance of the scrubber system, the specific 
additive used (dibasic acid [DBA] or sodium formate), and implementation of other process 
changes such as increasing or decreasing the LIG ratio. 

Other related retrofit efforts addressed mechanical scrubber changes as well as chemical 
process changes. Indianapolis Power & Light elected to replace the internal packing in one of 
three modules of a dual-loop FGD absorber with a patented sieve tray (99). Results showed that 
SO, control with the sieve tray was comparable to the internal packing (90%-97% versus 
86%-96%). However, a significant reduction in maintenance costs would be realized with the 
sieve tray as a result of avoiding frequent packing cleaning and replacement requirements. Limited 
testing with a DBA additive increased average SO, removal in the sieve tray module to > 98%. 
Based on these results, sieve trays will be installed in the two parallel absorber modules. 
Louisville Gas and Electric recently completed a full-scale evaluation of options for reducing 
operating costs for a dual alkali FGD system at the Cane Run Station (100). Results indicated that 
steps taken to reduce sulfite oxidation, increase lime utilization, improve sulfite regeneration, and 
improve filter cake wash would result in an annual reduction in operating costs of US$350,000. 



Other potential cost reduction options being considered include conversion to a magnesium- 
enhanced lime slurry process or a sodium-lime slurry process. In an effort to identify a low-cost 
option for reducing SO, emissions from 1.2 to 0.85 lb/MMBtu (1 620 to 1 150 mg/Nm3), Texas 
Municipal Power Agency compared the effectiveness of a DBA additive to their inhibited-oxidation 
limestone scrubber at the Gibbons Creek Station with a switch to a magnesium-enhanced lime 
slurry process (101). Results from the tests indicated that the 0.85-lb/MMBtu (1 150-mg/Nm3) SO, 
emission limit can be met more cost-effectively at the Gibbons Creek Station by implementing the 
magnesium-enhanced lime slurry process. 

The DOE Clean Coal Technology Demonstration Program has a number of projects 
addressing SO, control technology development. Although several projects have involved low- 
capital-cost retrofit options with limited SO, control potential, the program has a few projects 
addressing high-efficiency SO, control technology development. A project being carried out by 
Pure Air is demonstrating the performance of a single-module limestone scrubber producing a 
wallboard-grade gypsum by-product (102, 103). Scrubber performance has been excellent, 
demonstrating an SO, removal rate in excess of 95 % and an availability rate of 99.99 %. A second 
Clean Coal Technology Demonstration project evaluated the performance of a technology referred 
to as SNOX (104, 105). This project, carried out by ABB Environmental Systems, is a combined 
SO, and NO, control technology. Nitrogen species are controlled using SCR, and the SO, is 
oxidized to SO, and recovered as sulfuric acid in a condensing heat exchanger. System 
performance demonstrated SO, and NO, control exceeding 95 %. An economic analysis of a 
385-MW plant compared the SNOX process with a wet LSFO/SCR system with particulate control 
accomplished using an ESP in both scenarios. Estimated capital costs were reported to be 
US$235/kW for the SNOX process versus US$266/kW for the LSFO/SCR system, with levelized 
costs of 5.51 versus 7.02 rnills/kWh, respectively. A third demonstration project evaluated the 
performance of the Chiyoda Thoroughbred (CT-121) scrubbing process (106, 107). Results 
demonstrated 95 % and 98 %-99% SO, removal for high- and medium-sulfur coals, respectively. 
With the ESP, on-line particulate emissions were 0.01 lb/MMBtu (14 mg/Nm3) and scrubber 
availability was 98%. Deenergizing the ESP increased particulate emissions to 0.04-0.05 
IblMMBtu (55-68 mg/Nm3), and scrubber availability was reduced to 95 % because of scrubber 
plugging caused by high fly ash loadings. Ongoing efforts will evaluate the gypsum by-product for 
utilization in agricultural and construction applications. 

In the United States, there is an ongoing effort to develop and demonstrate high-efficiency, 
cost-effective SO, control technologies (88, 108- 1 13). Although all of these development or 
demonstration efforts have or anticipate demonstrating > 90% SO, control, only a few have, as an 
objective, an SO, control level of > 95 % . Recent published papers identified a condensing heat 
exchanger concept developed by B&W and others, a clear liquor limestone scrubbing concept 
developed by EPRI, an ammonia scrubbing system offered by GE Environmental Services, Inc., a 
magnesium-enhanced lime scrubbing process developed by Dravo Lime Company, and an 
advanced limestone wet FGD process developed by ABB Environmental Systems. 

B&W, Consolidated Edison Company of New York, and Condensing Heat Exchanger 
Company have teamed up to develop and demonstrate a condensing heat exchanger to control SO,, 
SO,, particulates, and trace element emissions (1 14). The multistage concept makes use of Teflon- 
coated nickel-copper alloy heat exchanger tubes in combination with a sodium bicarbonate reagent 
injection system. Initial tests with a 1.4% sulfur bituminous coal demo~trated 97% SO, removal. 



Residual oil, Orimulsion, and lignite tests resulted in SO, removal values of > 98 % , > 94 % , and 
> 97 % , respectively. Based on these initial results, B&W intends to focus on demonstrating 
> 95 % SO, removal for coal-fired applications in order to develop a viable alternative to 
conventional particulate control and scrubbing technologies. 

EPRI is currently developing a limestone clear liquor scrubbing system producing a gypsum 
by-product (1 15). Initial pilot-scale results and preliminary economic analysis indicate that 95 % 
SO, removal is possible at a levelized cost savings of 19% when compared to a limestone slurry 
process and 13 % when compared to a limestone + DBA slurry process. EPRI cautioned that these 
results were very preliminary. However, further cost reductions may be identified as other 
benefits are documented. These may include reduced material abrasion, improved mist eliminator 
performance, and, higher absorber gas velocities. 

GE Environmental Services, Inc., is currently installing a first-of-a-kind, in situ, forced- 
oxidation, ammonia scrubbing system that will produce a marketable ammonium sulfate by-product 
(1 16). The 300-MWe unit will control SO, emissions from three steam generating boilers operated 
by Dakota Gasification Company at the Great Plains Synfuels Plant located in central North 
Dakota. The ammonia scrubbing system was selected by Dakota Gasification Company over 
conventional limestone technology after completion of an on-site pilot-scale demonstration. The 
process makes use of a countercurrent prescrubber and a recirculating spray of ammonium sulfate 
slurry to reduce gas temperature, saturate the flue gas, and produce ammonium sulfate crystals as a 
result of water evaporation. Mist eliminators remove entrained slurry prior to the flue gas entering 
the countercurrent absorber where the flue gas is contacted with a recirculating subsaturated 
ammonium sulfate liquor and ammonia injected with the oxidation air. A final set of mist 
eliminators prevents slurry carryover from the absorber. Ammonium sulfate crystals are removed 
from the prescrubber and processed through various dewatering and compaction steps to form an 
ammonium sulfate flake product. Construction of the ammonium sulfate system is scheduled for 
completion in mid-1996. Performance guarantees stipulate 93% SO, removal, 99.5% ammonium 
sulfate purity, and 97% availability. A key economic factor in the selection of the ammonium 
sulfate process was an estimated product value of $100/ton for agricultural applications versus an 
ammonia reagent cost nearly six times the cost of limestone used for a conventional FGD system. 

Dravo Lime Company has developed a magnesium-enhanced lime FGD process referred to 
as ThioClear (1 17). This ex situ forced-oxidation process produces wallboard-grade gypsum and 
magnesium hydroxide as by-products. Pilot-scale results have demonstrated 98 % SO, removal in 
both a vertical spray tower and horizontal absorber. Preliminary economics indicate that the 
ThioClear process can result in a 25 % capital cost savings and a 15 % levelized cost savings when 
compared to an LSFO process. However, plans for further testing and demonstration activities 
were not discussed. 

- 

ABB Environmental Systems is marketing a new-generation FGD system referred to as the 
A 

LS-2 system (1 18). The concept uses open spray tower technology with higher tower gas velocity 
(above 15 ft/sec), enhanced compact nozzle arrangement, and fine limestone grind 
(99.5% < 44 pm) to produce a wallboard-grade gypsum by-product. Greater than 90% SO, 
removal and 98 % limestone utilization were reported. The cost savings for the LS-2 system was 
reported to be 15% to 30% when compared to conventional FGD systems, making the concept 
competitive with fuel switching. The first commercial installation of the LS-2 system in the United 

- 



States is scheduled to start up in mid-1995 on a 130-MW unit at the Niles Station of Ohio Edison 
Company. 

A number of technology development efforts are focused on the simultaneous control of SO, 
and NO, (1 19-126). Again, in these development efforts, only a few projects anticipate achieving 
SO, control levels of > 95 %. Several of these simultaneous SO,/NO, control technologies are 
discussed in Section 6.4, Integrated Emission Control Systems. 

6.2.2 ODtions for the Bulgarian Power Industry 

Bulgarian sources provided limited information for six Bulgarian power stations: Bobov 
Dol, Varna, Maritsa 3, Maritsa East 1, Maritsa East 2, and Maritsa East 3, representing 4840 MW 
of gross electrical capacity. Available information indicates that SO, emissions from the various 
units range from 4 100 to 13,000 mg/Nm3 (3.03 to 9.62 lb/MMBtu), all exceeding the 
3500-mglNm3 (2.59-lb/MMBtu) emission limit established for pre-1995 units firing domestic fuel. 
Current SO, emissions must be reduced by 15 % to 73 % in order to meet the 3500-mg/Nm3 
(2.59-1blMMBtu) standard. One key to successfully implementing cost-effective technology to 
meet the desired SO, emission limits on existing units will be to evaluate SO, control options in 
combination with any other unit- or stationwide changes planned. For example, plans for fuel 
switching and boiler upgrades must be factored into the SO, control evaluation process in order to 
control cost and meet emission limit objectives effectively. For new units, subject to the 
650-mg/Nm3 (0.48-lb/MMBtu) limit for domestic and imported fuels, the selection of SO, control 
technology should be factored into the bid process for the overall unit, with economics, 
performance, and reliability motivating the decision process. Since the scope of this study and the 
amount of information available concerning the status and condition of the existing units and their 
layout were very limited, it was not possible or appropriate to discuss technology or equipment 
options in detail. Therefore, the intent here is to briefly describe a range of technology options 
and identify U.S. companies that have shown an interest in projects in Bulgaria and have 
demonstrated experience relative to the applicable technology options. 

Since SO, control technology has not been applied previously in Bulgarian power stations, 
the first step must be to establish viable technology retrofit options for reducing SO, emissions at 
each plant prior to considering detailed evaluations of the alternative technologies. In this 
evaluation, retrofit SO, control options were only seriously considered for units at four of the six 
stations identified: Bobov Dol, Varna, Maritsa East 2, and Maritsa East 3. Units at Maritsa 
East 1 are all over 30 years of age and were recommended for decommissioning in a study 
completed by Bechtel in 1993. If the Maritsa East 1 Station were repowered using a CFB boiler, 
SO, control would be accomplished in the CFB. In the event that this plant were not repowered, 
Raytheon Engineers & Constructors recommended that all six units could be ducted to a single 
500-MW forced-oxidation WLS absorber module in order to minimize the cost of the WLS system. 
The WLS dewatered gypsum by-product could be handled by either stacking, ponding, or 
landfilling. Because of the age of the units at the Maritsa East 1 plant, a very low-cost FGD 
system is required. However, lower-capital-cost technology options such as sorbent injection, 
CFB FGD, and SDA may not be appropriate because of the low ash alkalinity and high 
uncontrolled SO, emissions. 

The Maritsa 3 Station is also characterized by old units: two units (25 MW each) over 
40 years of age and one unit (120 MW) over 20 years of age. Decommissioning of the existing 
units was recommended in the 1993 Overseas Bechtel, Inc., study along with repowering using a 



CFB boiler. Repowering using gas-fired boilers was also recommended as an option because of 
the poor quality of the available domestic lignite. In this case, if gas-fired boilers were selected, 
no SO, control would be required. If a CFB boiler were selected as the appropriate repowering 
option, SO, control would be accomplished in the CFB. In the event that the Maritsa 3 units 
would not be decommissioned, Raytheon commented that the small size of the units makes them 
poor candidates for cost-effective FGD technology options. If emission trading is permitted, one 
option may be to overcontrol SO, emissions on other units in order to avoid the high cost of 
control at Maritsa 3. However, the high sulfur content of the fuel used at Maritsa 3 may make 
emission trading an inappropriate option. Although costly, a single module WLS could be 
considered for the 120-MW unit, with sufficient capacity to handle the smaller units as well. 

Table 6-3 presents a list of, and identifies a point of contact for, U.S. companies that 
provided a response to a request for information concerning SO, control technology options 
appropriate for the Bulgarian power industry and related company capabilities and experience. The 
vendor appendix contains specific comments made by Raytheon Engineers & Constructors and 
EEC for each of the six stations, along with some general company information relative to 
capabilities and experience. General information provided by other companies relative to 
capabilities and experience is also included in the appendix. It cannot be overstated that the 
general comments made in the following paragraphs are just that, general comments. These 
comments are based on limited information. Ultimately, any detailed station or unit rehabilitation 
plans must be based on thorough detailed technical evaluations of each unit, including the 
consideration of social and economic constraints specific to Bulgaria. A key element to controlling 
the cost of SO, control technology options would be the manufacture of components in Bulgaria or 
other central European countries where possible. 

Bobov Do1 

The Bobov Do1 Station consists of three units built in the mid-1970s, each rated at 210 MW 
firing a domestic subbituminous coal. Key factors affecting plant operations, as identified in a 
1993 Overseas Bechtel, Inc., study, have been fuel shortages, air inleakage, boiler slagging, ash 
erosion of the ID fan, and poorly performing ESPs (86.3 % to 97.8% particulate control). Because 
fuel shortages are a key issue for this plant, resolution of this issue is important prior to evaluating 
options for boiler rehabilitation, other equipment upgrades, or evaluating SO, control technology 
options. Once the fuel source (imported versus domestic) and boiler rehabilitation options have 
been selected, SO, control options can be evaluated in combination with particulate control 
upgrades. Current SO, emissions at the Bobov Do1 Station are reported to be 8400 mg/Nm3 
(6.22 IbIMMBtu). Therefore, in order to meet the pre-1995 standard of 3500 mg/Nm3 
(2.59 IbIMMBtu), SO, emissions must be reduced by nearly 60%. Since the fuel shortage problem 
may result in fuel switching and/or blending, an adequate reduction in SO, emissions may be 
achieved as a result of using a low-sulfur fuel or fuel blend. Because of the poorly performing 
ESPs at the Bobov Do1 Station, low-capital-cost SO, control options such as furnace injection or 
duct injection would be inappropriate. However, SDA may be appropriate. 

In the event that this station were required to meet the post-1995 standard of 650 mg/Nm3 
(0.48 IbIMMBtu), SO, emissions must be reduced by nearly 93%. If switching to a low-sulfur fuel 
or fuel blend were not selected, WLS technology would be necessary. Alternative technology 
options may be considered where a salable by-product is produced rather than a solid waste for 
disposal. 



TABLE 6-3 

U.S. Companies Providing Information Concerning Sulfur Dioxide Control Technology 
ABB Environmental Systems Burns & McDonnell 
31 Inverness Center Parkway 
Birmingham, Alabama 35242 
Mr. Paul Yosick 
Director of Marketing 
Telephone (205) 995-5321 
Fax (205) 995-5496 

Black & Veatch 
1 1401 Lamar Avenue 
Overland Park, Kansas 6621 1 
Mr. Leroy E. Kashka 
Project Manager 
Telephone (9 13) 339-243 1 
Fax (913) 339-2934 

4800 East 63rd Street 
Kansas City, Missouri 64130 
Mr. John P. Werthman, P.E. 
Manager, Business Development 
Air Pollution Control Division 
Telephone (8 16) 822-3437 
Fax (8 16) 822-341 5 

Environmental Elements Corporation 
3700 Koppers Street 
PO Box 1318 
Baltimore, Maryland 2 1203 
Mr. Hamilton G .  Walker, Jr . 
Manager, International Business 
Telephone (410) 368-7046 
Fax (4 10) 368-672 1 

Pure Air Raytheon Engineers & Constructors 
7540 Windsor Drive PO Box 5888 
Allentown, Pennsylvania 1 8 195 Denver, Colorado 802 17 
~ r .  David W. Smith Mr. Paul A. Ireland 
Manager, Business Development Chief Engineer, Air Pollution Control 
Telephone (6 10) 48 1-5 17 1 Telephone (303) 843-3420 
Fax (610) 48 1-2762 Fax (303) 843-2358 

Sargent & Lundy Engineers 
55 East Monroe Street 
Chicago, Illinois 60603-5780 
Mr. William DePriest 
Manager, Air Quality Control Services 
Telephone (3 12) 269-6678 
Fax (312) 269-3634 

Raytheon Engineers & Constructors stated that implementing a low-sulfur fuel blend at the 
Bobov Do1 Station would make WLS technology unattractive economically. Raytheon did not feel 
that SDA would be techcally appropriate for this station because of the low alkalinity in the ash. 
If SO, emissions trading were an option on a systemwide basis, it would be more cost-effective to 
overcontrol SO, emissions at a station with higher uncontrolled SO, emissions. 



The Varna Station consists of six units built in an 1 1-year period beginning in 1968, each 
rated at 210 MW firing a Ukrainian anthracite coal. Key factors affecting plant operations, as 
identified in a 1993 Overseas Bechtel, Inc., study, have been fuel shortages, SH failures, and ash 
erosion. Because fuel shortages are a key issue for this plant, resolution of this issue is important 
prior to evaluating options for boiler rehabilitation, other equipment upgrades, or SO, control 
requirements. Once the fuel source (imported versus domestic) and boiler rehabilitation options 
have been selected, SO, control options can be evaluated in combination with particulate control 
upgrades. Sulfur dioxide emissions of 4100 mg/Nm3 (0.2 18 IblMMBtu) were reported for the 
Varna Station in the Overseas Bechtel, Inc., study. Therefore, in order to meet the pre-1995 
standard of 3500 mg/Nm3 (2.59 IbIMMBtu), SO, emissions must be reduced by only 15 % . Since 
the fuel shortage problem may result in fuel switching andlor blending, an adequate reduction in 
SO, emissions should be achieved as a result of using a low-sulfur fuel or fuel blend. Assuming 
upgrades to the ESPs are completed at the Varna Station, low-capital-cost SO, control options such 
as furnace injection or duct injection may be appropriate. In the event that this station were 
required to meet the post-1995 standard of 650 mg/Nm3 (0.48 IbIMMBtu), SO, emissions must be 
reduced by roughly 85 9%. If switching to a low-sulfur fuel or fuel blend were not selected, SDA or 
WLS technology would be necessary. Alternative technology options may be considered where a 
salable by-product is produced rather than a solid waste for disposal. 

Raytheon Engineers & Constructors stated that implementing a low-sulfur fuel blend at the 
Varna Station should meet the Bulgarian SO, emission limits as well as resolve the fuel shortage 
problem. In the event that the fuel selected slightly exceeded emission limits, SDA and WLS 
technology would be unattractive economically and not recommended. If SO, emission trading 
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were an option on a systemwide basis, it would be more cost-effective to overcontrol SO, 
emissions at another station. 

Maritsa East 2. Units 1-4 

The Maritsa East 2 Station consists of eight units built over a 27-year period beginning in 
1963. The first four units were built from 1963 through 1969, and each is rated at 150 MW firing 
a Troyanovo 2 lignite. Flue gas from these four units is emitted through a single stack along with 
flue gas from Units 5 and 6. These four units have been derated to a 520-MW combined output 
because of poor fuel quality, specifically high moisture content. Other key factors affecting unit 
operations, as identified in a 1993 Overseas Bechtel, Inc., study, have been fuel availability caused 
by processing and handling problems, lower furnace tube failures due to overtemperature, and 
economizer erosion. Although fuel availability has been a problem, there are no plans to switch 
fuels. Fuel drying has been used in the past to upgrade the lignite and may be used in the future. 
However, unit rehabilitation activities must be based on the continued use of the high-moisture and 
high-ash lignite. Once the boiler rehabilitation options have been selected, SO, control options can 
be evaluated in combination with particulate control upgrades. Sulfur dioxide emissions of 12,000 
to 13,000 mg/Nm3 (8.88 to 9.62 Ib/MMBtu) were reported for the Maritsa East 2 Station in the 
Overseas Bechtel, Inc., study. Therefore, in order to meet the pre-1995 standard of 3500 mg/Nm3 
(2.59 IbIMMBtu), SO, emissions must be reduced by nearly 75%. Since continued use of the 
locally available lignite is anticipated, fuel switching and/or blending is not an option for reducing 
SO, emissions. In the event that this station were required to meet the post-1995 standard of 



650 mg/Nm3 (0.48 IbIMMBtu), SO, emissions must be reduced by 95 %. The high levels of SO, 
control necessary to meet emission limits will require the installation of conventional FGD 
technology. The pre-1995 standard may permit the use of SDA. However, in order to meet the 
post-1995 standard, WLS or some variation will be required. Alternative technology options may 
be considered where a salable by-product is produced rather than a solid waste for disposal. 
Reducing SO, emissions at the Maritsa East 2 Station has the highest priority among environmental 
upgrades in the Bulgarian power industry. 

Raytheon Engineers & Constructors stated that installation of wet-scrubbing technology 
would be necessary to reduce SO, emissions from Units 1-4 at the Maritsa East 2 Station to meet 
the post-1995 standard. Lower-capital-cost process options warranting consideration include SDA 
and a CFB scrubber. In this case, downstream particulate control requirements would eliminate 
the need for ESP upgrades. 

EEC also stated that wet scrubbing would be necessary to meet the post-1995 SO, emission 
standard and recommended SDA as the likely economical choice to meet the pre-1995 SO, 
emission standard for the Maritsa East 2 Station. In the event that SDA were selected for SO, 
control, ESP upgrades would not be necessary since particulate control requirements would be 
accomplished in the combined absorberlfabric filter system. 

Maritsa East 2. Units 5-8 

Units 5 through 8 at Maritsa East 2 were built from 1985 through 1990, and each is rated at 
210 MW firing a Troyanovo 2 lignite. Flue gas from these four units is emitted through two 
stacks: a single stack for Units 1 through 6 and a second stack for Units 7 and 8. Key factors 
affecting unit operations, as identified in a 1993 Overseas Bechtel, Inc., study, have been fuel 
quality (high moisture and ash) and availability caused by processing and handling problems, 
burner area ash erosion, economizer erosion, and limited turndown capacity, 140 MW. Although 
fuel availability has been a problem, there are no plans to switch fuels. Fuel drying has been used 
in the past to upgrade the lignite and may be used in the future. However, unit rehabilitation 
activities must be based on the continued use of the high moisture and high ash lignite. Once the 
boiler rehabilitation options have been selected, SO, control options can be evaluated in 
combination with particulate control upgrades. Sulfur dioxide emissions of 12,000 to 
13,000 mg/Nm3 (8.88 to 9.62 1bIMMBtu) were reported for the Maritsa East 2 Station in the 
Overseas Bechtel, Inc., study. Therefore, in order to meet the pre-1995 standard of 3500 mg/Nm3 
(2.59 IbIMMBtu), SO, emissions must be reduced by nearly 75 % . Since continued use of the 
locally available lignite is anticipated, fuel switching andlor blending is not an option for reducing 
SO, emissions. In the event that this station were required to meet the post-1995 standard of 
650 mg/Nm3 (0.48 IbIMMBtu), SO, emissions must be reduced by 95 %. The high levels of SO, 
control necessary to meet emission limits will require the installation of conventional FGD 
technology. The pre-1995 standard may permit the use of SDA. However, in order to meet the 
post-1995 standard, WLS or some variation will be required. Alternative technology options may 
be considered where a salable by-product is produced rather than a solid waste for disposal. 
Reducing SO, emissions at the Maritsa East 2 Station has the highest priority among environmental 
upgrades in the Bulgarian power industry. 



Raytheon Engineers & Constructors stated that installation of wet-scrubbing technology would 
be necessary to reduce SO, emissions from the Maritsa East 2 Station to meet the post-1995 
standard. Since Maritsa East 2 Units 5-8 are the newest units in the Bulgarian power industry, 
they should have the longest remaining life and should be economically suited to installation of 
higher-capital-cost/lower-operating-cost technology options. Raytheon specifically recommended 
that consideration be given to the installation of a wet ammonium sulfate process. Units 5-8 
appear to be ideally suited to installation of an ammonium sulfate process because of the high flue 
gas SO, concentration, long remaining plant life, and presumed higher capacity factor. The 
primary attraction of the process is the production of a fertilizer, valued at roughly US$lOO/ton, 
resulting in a positive annual operating revenue stream rather than an operating cost. Concept 
disadvantages that must be considered include the risk associated with the use of a newer process 
and the higher capital cost when compared to other technology options. If the current plant layout 
permits, a single 420-MW module could be installed to treat flue gas generated by Units 5 and 6, 
with a second 420-MW module for Units 7 and 8, respectively. This approach would minimize 
capital cost by limiting the number of required modules. 

EEC stated that wet scrubbing appeared to be the best technical and economic choice for 
meeting the SO, emission standards for the newer units at the Maritsa East 2 Station. 

Maritsa East 3 

The Maritsa East 3 Station consists of four units built in a 3-year period beginning in 1978, 
each rated at 210 MW firing Troyanovo 3 lignite. Key factors affecting plant operations, as 
identified in a 1993 Overseas Bechtel, Inc., study, have been fuel quality (high moisture and ash), 
furnace wall damage caused by high ash loading and flame impingement, furnace slagging, high 
furnace exit temperatures, SH and RH overheating, and economizer erosion. Although fuel quality 
has been a problem, there are no plans to switch fuels. Therefore, unit rehabilitation activities 
must be based on the continued use of the high-moisture and high-ash lignite. Once the boiler 
rehabilitation options have been selected, SO, control options can be evaluated in combination with 
particulate control upgrades. Sulfur dioxide emissions of 12,000 to 13,000 mg/Nm3 (8.88 to 
9.62 IblMMBtu) were reported for the Maritsa East 3 Station in the Overseas Bechtel, Inc., study. 
Therefore, in order to meet the pre-1995 standard of 3500 mg/Nm3 (2.59 IbJMMBtu), SO, 
emissions must be reduced by nearly 75 %. Since continued use of the locally available lignite is 
anticipated, fuel switching and/or blending is not an option for reducing SO, emissions. In the 
event that this station were required to meet the post-1995 standard of 650 mg/Nm3 
(0.48 lb/MMBtu), SO, emissions must be reduced by 95 %. The high levels of SO, control 
necessary to meet emission limits will require the installation of conventional FGD technology. 
The pre-1995 standard may permit the use of a SDA. However, in order to meet the post-1995 
standard, WLS or some variation will be required. Alternative technology options may be 
considered where a salable by-product is produced rather than solid waste for disposal. Reducing 
SO, emissions at the Maritsa East 3 Station has the second highest priority among environmental 
upgrades in the Bulgarian power industry. 

Raytheon Engineers & Constructors stated that installation of wet-scrubbing technology would 
be necessary to reduce SO, emissions from the Maritsa East 3 Station to meet the post-1995 
standard. WLS may be an appropriate technical and economic option. Capital costs could be 
minimized in a forced-oxidation system by ponding the waste product. Lower-capital-cost process 



options warranting consideration include SDA and a CFB scrubber. Particulate control 
requirements downstream of the SDA or CFB scrubber would eliminate the need for ESP upgrades 
unless the SO, control system were placed upstream of the existing ESPs. 

EEC stated that wet scrubbing appeared to be the best technical and economic choice for 
meeting the SO, emission standards for the units at the Maritsa East 3 Station. 

6.3 Control of Nitrogen Species 

Present NSPS for U.S. utility solid fossil fuel-fired boilers limit the emission of nitrogen 
species, reported as nitrogen dioxide (NO,), to a maximum of 0.60 to 0.80 lb/MMBtu (810 to 
1080 mg/Nm3) depending on the fuel and furnace type. The NO, limit is 0.70 lb/MMBtu 
(945 mg/Nm3) for solid fossil fuels except for lignite. The NO, limit for lignite-fired units is 
0.60 lb/MMBtu (810 mg/Nm3) except for cyclone units firing lignites from the Great Plains region 
of the United States where the limit is 0.80 lb/MMBtu (1080 mg/Nm3). These limits apply to 
facilities newly constructed or expanded after September 18, 1978, having an input firing rate of 
> 250 MMBtu1h.r ( > 73 MW). The 1990 Clean Air Act Amendments, specifically Title IV - Acid 
Deposition Control, requires a 2-million-ton reduction in the emission of nitrogen species by 
January 1, 2000. Although the approach will be similar to that applied to SO,, allowing emissions 
averaging from two or more units, specific emission standards have not been established for all 
furnace types, and the exact implementation schedule is uncertain at this time. Language in Title 
IV does state that NO, emissions from tangentially fired boilers will be limited to a maximum of 
0.45 lb/MMBtu (608 mg/Nm3). Similarly, wall-fired dry bottom boilers will be limited to a 
maximum emission rate of 0.50 lb/MMBtu (675 mg/Nm3). The EPA has until January 1, 1997, to 
establish NO, emission limits for remaining boiler types (i.e., wall-fired wet bottom, cyclone units, 
and units with cell burner technology, etc.) based on economical technology options. At this time, 
LNB and various forms of combustion air staging are considered economical technology options. 

Although national NO, regulations have been the driving force in the past for the regulation 
of fossil fuel-fired boiler emissions in the United States, in recent years state and local emission 
regulations have begun to play a more significant role. In fact, new electrical generating units built 
in the last few years have been required to meet emission limits established by state and local 
regulatory agencies that are more restrictive than the federal regulations. For NO,, limits of 
0.20 lb/MMBtu (270 mg/Nm3) and less have been required. This trend is anticipated to become 
more prevalent in the future for all emission types from fossil fuel-fired boiler systems. 

Commercially available technologies such as overfire air staging (OFA), LNB, SNCR, and 
SCR have demonstrated their ability to control NO, emissions for a variety of fuel (bituminous and 
subbituminous coal and lignite) and boiler types around the world (127-131). In the United States, 
OFA and LNB are preferred by utilities because of their lower capital and operating costs and the 
fact that they have effectively met most regulatory requirements. However, SNCR and SCR have 
seen some use and are expected to see greater use in the future as regulatory activities in the United 
States further limit NO, emissions. Based on U.S. experience, both OFA and LNB should be 
appropriate technology options for meeting the Bulgarian NO, emission limits of 600 to 
1300 mg/Nm3 (0.44 to 0.96 IbIMMBtu). 



6.3.1 U . S , Experience 

Low-NO, Burners 

As previously stated, the use of air and fuel staging are the preferred technology options in 
the United States for limiting the emission of nitrogen species from fossil fuel-fired electrical 
generating systems. The primary reason for this preference is low capital cost relative to other 
technology options such as SNCR and SCR. However, the use of OFA and LNB technology is 
generally limited to reducing NO, emissions by 20% to 50%, depending on boiler and fuel type. 
Also, the use of OFA and LNB technology can reduce carbon efficiency (increase the carbon 
content of the ash), increase carbon monoxide (CO) emissions, and affect boiler slagginglfouling 
and heat transfer. 

Full-scale demonstration of LNB technology has been ongoing in the United States for many 
years in anticipation of new regulatory limits on NO, emissions. The majority of the activity has 
focused on tangential- and wall-fired boilers, with recent demonstrations also including cell burner 
units. Full-scale demonstration results reported by Southern Company Services, Inc., in 1993 
showed NO, emission reductions for a tangentially fired boiler firing bituminous coal ranging from 
37 % to 45% during test periods of 55 to 71 days (132). These results were achieved using three 
levels or variations of fuel and air staging technology supplied by ABB Combustion Engineering 
Services (ABB CE) referred to as low-NO, concentric firing system (LNCFS). LNCFS Level 111 
achieved the highest level of NO, reduction, 45% during the long-term tests, with a resulting NO, 
emission rate of 0.34 IblMMBtu (465 mg/Nm3) at full load (180 MW). Since NO, emissions were 
observed to increase with decreasing load, the annual achievable emission limit was reported to be 
0.40 IbfMMBtu (545 mg/Nm3). Other observations made during this demonstration activity 
included acceptable CO emissions, slight increases in carbon carryover that could be minimized by 
reducing the fineness of the pulverized fuel, and slagging migration from the furnace to the 
convective pass. Slagging in the convective pass required improved steam temperature control 
which was addressed by varying excess air levels and burner tilt position. Because of the 
demonstration nature of the project, cost data were not presented. 

Tennessee Valley Authority (TVA) is one of the largest utilities in the United States, 
representing over 17,000 MW of coal-fired electrical generating capacity (133). This capacity 
represents nearly all coal-fired boiler types currently in operation in the United States today, 
including wall-fired units, tangential-fired units, cell burner units, cyclone units, and a fluid-bed 
combustion unit. In order to meet reductions in NO, emissions required by the 1990 Clean Air Act 
Amendments, TVA elected to average NO, emissions systemwide in order to minimize the cost of 
compliance. Phase I requirements specifically address wall- and tangentially fired units 
representing roughly 4000 MW of TVA capacity. In order to determine potential NO, reductions 
for tangential-fired units, TVA elected to retrofit one 288-MW bituminous coal unit with ABB CE 
Level I LNCFS burners. Early results were described as not very encouraging, with NO, 
reductions of <20% observed, resulting in NO, emissions of 0.45 to 0.55 IbIMMBtu (615 to 
750 mg/Nm3). TVA also conducted full-scale demonstrations on two wall-fired bituminous coal 
units: 150 and 200 MW in size. Burners for these two demonstration tests were supplied by 
Foster Wheeler Energy Corporation (FWEC). Results from these LNB retrofits demonstrated NO, 
reduction levels of 25 % to nearly 54%, with actual NO, emission levels reduced to 0.45 to 



0.60 lb/MMBtu (615 to 820 mg/Nm3). Conclusions based on the early demonstration tests 
included the need for a thorough assessment of existing equipment prior to LNB installation, the 
importance of personnel training, and the importance of proper air control and measurement. 
Also, TVA concluded that LNB performance will not be as predicted by vendors in all units and 
LNB operation is more complicated than conventional burner operation. Therefore, individual unit 
evaluation and optimization will be necessary. Although the initial results were less than 
anticipated in some cases, TVA proceeded with further burner optimization tests in the hope of 
improving LNB performance and plans to continue retrofitting LNB technology on additional units 
to meet NO, emission compliance requirements. 

Ohio Edison Company completed the retrofit of a 630-MW pulverized coal (PC)-fired cell 
burner unit firing bituminous coal (134). This retrofit was awarded to B&W which supplied DRB- 
XCL low-NO, cell burners, overfire air ports, burner wall panels, coal piping, lighters, and 
ductwork. Nitrogen dioxide emissions prior to the retrofit were reported to range from 1.15 to 
1.40 lb/MMBtu (1555 to 1890 mg/Nm3), with carbon carryover in the fly ash ranging from 1.6 to 
3.7 wt%. Subsequent to the retrofit, controlled NO, emissions were reported to be 0.43 to 
0.48 lb/MMBtu (585 to 655 mg/Nm3), with carbon carryover in the fly ash increasing to 4-6 wt%. 
Further reductions in NO, emissions were not possible in this case without increasing carbon 
carryover in the fly ash, creating furnace slagging and possibly unit reliability problems, and 
affecting RH performance. Other observations made include the need for close attention to be paid 
to the SH and increased sootblowing to control excessive slagging. An increase in excess air may 
be necessary in the future to avoid high furnace wall wastage, resulting in slightly higher NO, 
emissions and lower carbon carryover. In response to questions, an author of this paper stated that 
capital cost in this case was estimated to be US$26 to US$30/kW with a NO, control cost of 
US$250 to US$255/ton. However, the extensive nature of this retrofit is not necessarily 
representative of the boiler population. Therefore, these costs are believed to be high relative to 
more typical LNB installations. 

A second cell burner retrofit completed by B&W on a bituminous coal-fired 605-MW 
Dayton Power & Light unit demonstrated a reduction in NO, emissions of > 50%, with actual NO, 
emissions ranging from 0.52 to 0.55 IblMMBtu (710 to 750 mg/Nm3) after the retrofit (135). 
Baseline NO, emissions ranged from 1.0 to 1.2 lb/MMBtu (1350 to 1620 mg/Nm3). Reported CO 
emissions were < 55 ppm, and in this case, carbon carryover in the ash decreased after the retrofit 
at some operating conditions. Carbon carryover usually increases subsequent to the installation of 
LNB. The decrease in carbon carryover in this case was believed to be the result of an 
improvement in combustion air distribution provided by the new burners. Tests performed at 
reduced load (460 and 350 MW) showed comparable results. During normal dispatch over a 
4-month period, NO, emissions averaged 0.5 1 lb/MMBtu (695 mg/Nm3). Other observations 
based on this retrofit included a reduction in excess air levels from baseline, no effect on unit start- 
up and turndown, and no slagging or fouling problems. Ongoing efforts will continue to evaluate 
the potential for furnace corrosion. Although actual costs for this retrofit were not reported, the 
authors did report estimated costs for a 500-MW DOE reference unit. Capital costs were estimated 
to range from US$8 to US$12/kW in 1990 dollars. 

B&W DRB-XCL LNB were installed on a 250-MW opposed wall-fired bituminous coal unit 
at Alabama Power Company's plant Gaston (136). Baseline NO, emissions were reduced by nearly 
50% at full load, 0.75 to 0.8 lb/MMBtu versus < 0.4 IblMMBtu (1015 to 1080 mg/Nm3 versus 



< 545 mg/Nm3). At reduced load (150 MW), NO, emissions were reduced from roughly 0.65 to 
0.35 lb/MMBtu (885 to 475 mg/Nm3). Carbon carryover values increased from 5-7 to 6-1 1 wt%. 
A decrease in coal particle size did not reduce NO, emissions, but carbon carryover levels were 
reduced. Economic data were not presented for this retrofit case. 

A Georgia Power Company opposed wall-fired 500-MW bituminous coal unit was the site of 
a retrofit using LNB provided by FWEC (controlled flow/split-flame burners) (136). Baseline NO, 
emissions were reduced by nearly 50% for a range of load conditions. At full load, NO, emissions 
were reduced from 1.2 to 0.7 lb/MMBtu (1620 to 945 mg/Nm3). The addition of aavanced 
overfire air further reduced NO, emissions. However, the 0.5-lb/MMBtu (680-mg/Nm3) limit 
assumed for wall-fired boilers was not achieved in this case. Further reductions in NO, emissions 
would be possible at the expense of increased carbon carryover. Carbon carryover values 
increased from 2-6 to 6- 1 1 wt % for a load range of 300 to 500 MW. 

Similar FWEC burners were installed on a 650-MW Pennsylvania Electric Company 
opposed wall-fired bituminous coal unit (137). Full-load NO, emissions were reported to be 1.3 to 
1.4 lb/MMBtu (1760 to 1890 mg/Nm3). The result of the LNB installation was an observed NO, 
emission rate of 0.5 to 0.7 lb/MMBtu (680 to 955 mg/Nm3), representing a 50% to 60% reduction 
in emissions. Carbon carryover levels increased from < 3% prior to the retrofit to 10% after 
optimization steps were taken to minimize carbon carryover. At an excess air level of 20%, CO 
emissions were typically < 50 ppm. Furnace slagging was not adversely affected by the burner 
retrofit, and further burner modifications are planned in order to reduce carbon carryover to more 
acceptable levels. No economic data were provided for this demonstration effort. 

ABB CE, well known for tangential-fired units, also markets an LNB for wall-fired boilers. 
The RO-I1 LNB was tested on a 137-MW pc-fired boiler using both bituminous and subbituminous 
coals (138). The objective of the retrofit was to reduce NO, emissions below 0.5 lb/MMBtu 
(680 mg/Nm3) for both fuel types at full load. However, no baseline NO, emissions data were 
collected prior to the retrofit for comparison. Test results while firing the bituminous coal 
indicated NO, emissions ranging from 0.44 to 0.53 lb/MMBtu (600 to 725 mg/Nm3) for boiler 
loads ranging from 75 to 118 MW. Carbon monoxide emissions were < 100 ppm, and carbon 
carryover values ranged from 3.1 to 7.3 wt % , depending on boiler load. Carbon monoxide and 
carbon carryover levels generally decreased with increasing load. When the bituminous coal was 
fired, it was necessary to control excess air closely in order to maintain an NO, emission rate of 
<0.5 lb/MMBtu (< 680 mg/Nm3). Test results while firing the subbituminous coal showed that 
NO, emissions ranged from 0.28 to 0.35 lb/MMBtu (380 to 480 mg/Nm3) for boiler loads ranging 
from 75 to 115 MW. Carbon monoxide emissions were < 100 ppm, and carbon carryover values 
ranged from 0.8 to 1.1 wt % . No economic information was provided for this retrofit project. 

An alternative to the installation of LNB is being evaluated by EPRI, which involves the 
development of techniques for reducing NO, emissions by fine-tuning the boiler. In order to test 
the concept, EPRI and Potomac Electric Power Company tested a 100-MW tangentially fired 
bituminous coal unit (139). Baseline NO, emissions for the unit were reported to average 
0.61 lb/MMBtu (830 mg/Nm3) for a wide load variation, and local regulatory agencies indicated an 
intent to limit NO, emissions to 0.38 lb/MMBtu (520 mg/Nm3). Results have shown that a 
combination of burner adjustments, boiler fine-tuning, and improved maintenance practices can 
reduce NO, emissions and maintain acceptable unit performance. In this case, NO, emissions were 



reduced by 39% to roughly 0.37 lb/MMBtu (505 mg/Nm3), with an economizer oxygen 
concentration of 1.6%. Carbon carryover increased from roughly 6 to 13 wt% as a result, but 
carbon monoxide levels were not reported to be excessive, < 50 ppm. Although waterwall 
wastage is a serious concern, longer-term operation at a low-NO, condition will be required to 
determine if a serious problem exists. Also, a slight decrease in reheat steam temperature was 
observed, resulting in an increase in steam moisture content. Future efforts will attempt to 
determine the effect of higher steam moisture content on turbine blade erosion. Other plans call 
for significant instrumentation upgrades to improve monitoring capabilities for carbon monoxide, 
oxygen, on-line carbon carryover, and flame stability and location. Installation of automated 
burner and air register controls is planned to allow more precise control of settings in the hope of 
further reducing NO, emissions or maintaining current emission levels while increasing excess air 
and reducing carbon carryover. Because of the development nature of this demonstration, no 
economic data were provided. The use of boiler fine-tuning to reduce NO, emissions and improve 
boiler performance overall has been reported elsewhere (140). Many in the industry believe that it 
is prudent to complete boiler optimization and fine-tuning studies prior to evaluating retrofit 
technology options for reducing NO, emissions in order to make the most cost-effective use of 
technology options. 

Natural Gas Reburninv 

The use of natural gas in a boiler designed to fire coal is an option many U.S. utilities are 
evaluating for reducing NO, emissions. One of three general approaches is typically used: 
seasonal natural gas firing, natural gas cofiring, and natural gas reburning (NGR). Seasonal 
natural gas firing involves the replacement of the primary fuel (coal) during certain times of the 
year with gas. Natural gas prices normally dictate seasonal use in the summer. For many utilities, 
the primary reason for seasonal gas use is the annual reduction of SO, emissions. However, 
significant reductions in NO, emissions can also be achieved depending on specific unit design 
characteristics. Similarly, gas cofiring is typically used to reduce SO, emissions, but can also 
reduce NO, emissions depending on the amount of gas used and the fuel-firing configuration. 
Generally, gas cofiring will result in higher NO, emissions than 100% seasonal gas use. 

NGR for the reduction of NO, emissions will be the focus of the remainder of this section. 
Gas reburning generally involves the replacement of 15 % to 20% of the primary fuel with natural 
gas on a heat input basis. Unlike simple cofiring, reburning involves the injection of the gas above 
the primary coal combustion zone, creating a slightly fuel-rich zone. The objective is to reduce 
nitrogen species formed in the primary combustion zone as they pass through the fuel-rich zone. 
Additional air (overfire air) is added at a slightly higher elevation in the furnace to bum out 
remaining combustibles effectively. This approach can effectively reduce NO, emissions by as 
much as 60% to 70% in some cases. 

The Energy and Environmental Research Corporation (EER) has been involved in the 
development and demonstration of NGR technology for many years. Recent publications 
summarize the results from three demonstration sites: a 71-MW tangentially fired unit, a 172-MW 
front wall-fired unit, and a 33-MW cyclone-fired unit representing DOE Clean Coal Technology 
Demonstration Program projects (14 1 - 143). Baseline NO, emissions for the tangentially fired unit 
firing bituminous coal were reported to be 0.75 lb/MMBtu (1015 mg/Nm3). Parametric testing 
with NGR demonstrated NO, reduction ranging from 60% to 70% when natural gas represented 



18% of the fuel heat input. Actual NO, emissions ranged from 0.23 to 0.30 IbIMMBtu (315 to 
4 10 mg/Nm3). Reducing the natural gas feed to 10% of the fuel heat input reduced NO2 emissions 
by 55 % to 0.34 lb/MMBtu (465 mg/Nm3). Long-term tests on the tangentially fired unit with 
normal daily cycling demonstrated an average NO, emission rate of 0.245 lb/MMBtu 
(335 mg/Nm3). Although the reducing zone created in the boiler by the reburn fuel was a concern 
relative to tube wastage, inspection, ultrasonic measurements, and destructive tube testing did not 
indicate an increase in tube wastage. Also, NGR had no significant effect on CO emissions or 
carbon carryover. No economic data were presented for this demonstration. 

The front wall-fired unit firing subbituminous coal involved the use of both LNB and NGR. 
Baseline NO, emissions for the wall-fired unit were reported to be 0.73 lb/MMBtu (985 mg/Nm3). 
The optimized LNB installed by FWEC reduced NO, emissions by 37% to nearly 0.46 IbIMMBtu 
(630 mg/Nm3) without NGR. The combination of LNB and NGR reduced NO, emissions by a 
maximum of 72 % to 0.20 lb/MMBtu (275 mg/Nm3) when natural gas represented 23 % of the fuel 
heat input during parametric tests. Long-term LNB and NGR performance testing demonstrated an 
average NO, emissions rate of 0.26 lb/MMBtu (355 mg/Nm3) for gas injection rates of 5% to 19% 
of the unit fuel heat input. Integration of NGR and the LNB installation actually reduced the CO 
emissions and carbon carryover observed for the LNB installation alone. The effect of NGR on 
tube wastage on this unit is still being evaluated. In response to questions, the author indicated that 
the capital cost for this demonstration was US$25 to US$30/kW. Operating costs were stated to be 
the differential between the coal and gas fuel costs. 

ABB CE has developed an NGR concept referred to as close-coupled gas reburn technology 
that reduces the distance in the boiler between the primary combustion zone and the reburn zone. 
The concept was demonstrated on a 400-MW Kansas Power and Light tangentially fired unit firing 
subbituminous coal (143, 144). This particular fuel has limited unit output to roughly 300 MW. 
Previous installation of burners with an OFA capability had reduced NO, emissions by 48%. The 
use of NGR with 10% and 20% gas reburn fuel reduced NO, emissions by an additional 25% and 
4 1 % , respectively. However, the effectiveness of NGR decreased with decreasing load. The 
resulting NO, concentrations in the flue gas were reported to be as low as 100 ppm on a 3 % 
oxygen basis. Boiler performance observations included no significant change in furnace exit gas 
temperature; minor changes in furnace temperatures and heat transfer were observed; and overall 
boiler efficiency decreased because of increased flue gas moisture content. No economic data were 
presented. 

Typical air staging and LNB designs are not applicable to cyclone-fired units. Therefore, 
NGR is one of a few technical options available for reducing NO, emissions from this boiler type. 
In an EER publication, baseline NO, emissions for a cyclone-fired unit were reported to be 
0.97 IbIMMBtu (1310 mg/Nm3) (142). Parametric testing with NGR demonstrated NO, reduction 
ranging from 50% to 67% when natural gas represented 15 % and 25 % of the fuel heat input, 
respectively. Actual NO, emissions ranged from roughly 0.23 to nearly 0.49 Ib/MMBtu (315 to 
nearly 670 mg/Nm3). Long-term tests on the cyclone-fired unit with normal daily cycling 
demonstrated an average NO, emission rate of 0.333 1bIMMBtu (455 mg/Nm3). Although CO 
emissions and carbon carryover data were not reported for the cyclone-fired unit, no change in 
these operating parameters would be expected because of the cyclone's intense firing 
characteristics. The effect of NGR on tube wastage on this unit is still being evaluated, and no 
economic data were presented for this demonstration. 



ABB CE reported NGR demonstration results from an Ohio Edison 1 14-MW bituminous 
coal-fired cyclone boiler (145). To avoid slag tap problems, NGR was used only when the boiler 
was operated at loads of > 80 MW and the NGR fuel represented 16% of fuel heat input for the 
unit at all load conditions. At full-load conditions, NO, emissions were reduced by roughly 50% 
from 0.53 to 0.26 tons/hr. As load decreased, baseline NO, emissions decreased, and the level of 
NO, reduction also decreased such that at 85 MW, NO, reduction was only 30 % , but actual NO, 
emissions were roughly 0.24 tonslhr. Therefore, actual NO, emissions were nearly constant over 
the load range. This demonstration showed that the use of FGR to improve the mixing of the 
reburn fuel created unacceptable ash deposition on secondary furnace surfaces. The increase in 
deposition was believed to be caused by the cooling effect of FGR, so that the use of FGR was 
discontinued, simplifying the NGR equipment requirements without any obvious effect on NO, 
reduction. As with other NGR demonstration tests, no increase in tube wastage was observed. 
Boiler cycling has a significant effect on NGR NO, reduction such that baseload units would be 
expected to achieve lower NO, emissions than cycling units. Also, excessive CO emissions were 
reported to limit further reductions in NO, emissions. Overall, project participants concluded that 
further NGR demonstrations would- be required on additional cyclone-fired units before adequate 
information would be available to evaluate the commercial potential of NGR technology for 
controlling NO, emissions from cyclone units. 

The demonstration of NGR by U.S. companies has not been limited to U.S. utilities. EPA 
sponsored a demonstration of NGR using FGR on a 300-MW coal-fired boiler in the Ukraine 
involving representatives from Russia and the Ukraine (146). ABB Power Plant Laboratories 
provided a preliminary NGR system design along with instrumentation and technical support to 
permit evaluation of the NGR system performance. Final system design, fabrication, and 
installation were completed by the Russian and Ukrainian participants. The 300-MW opposed 
wall-fired slagging boiler fired a range of fuels, including a high-volatile Ukrainian bituminous 
coal, Siberian lignite, and various blends. During the NGR test, a fuel blend was used consisting 
of 90%-95 % bituminous coal and 5 %-I0 % lignite. Baseline NO, emissions were reported to be 
0.82 lb/MMBtu (1 110 mg/Nm3) with a carbon carryover of 1-2 wt% in the fly ash. Using NGR, 
NO, emissions were reduced by 40% to 60% for various system conditions and a load range of 200 
to 300 MW. NGR was discontinued at boiler loads of < 200 MW to avoid slag flow problems. 
On average, NO, emissions were reduced by 50% while maintaining CO emissions at < 100 ppm 
and limiting carbon carryover to 2-3 wt% in the fly ash using 12% reburn fuel. No significant 
negative impacts on boiler performance were noted, and the success of the project is expected to 
result in the installation of NGR systems on additional Ukrainian boilers as financial conditions 
permit. 

Reburning demonstration tests have not been limited to the use of natural gas as the reburn 
fuel. B&W evaluated the use of pc as a reburn fuel on a 100-MW Wisconsin Power and Light 
cyclone unit (147, 148). Both bituminous and subbituminous coals were fired during this DOE 
Clean Coal Technology Demonstration Program project. The use of pc as the reburn fuel requires 
that the reburn fuel represent a larger percentage of the total fuel input when compared to natural 
gas, 20% to 35% versus 10% to 20%. Key process issues include proper control and mixing of 
the coal and air in the reburn and overfire air zones and flue gas residence time in the reburn zone. 
While an Illinois bituminous coal was fired, NO, emissions were reduced by nominally 55 %, with 
a 10% to 15 % increase in carbon carryover using 34 % pulverized bituminous coal as the reburn 
fuel. For boiler loads of > 80 MW, NO, emissions were < 0.4 lb/MMBtu ( < 545 mg/Nm3). 



However, for boiler loads < 80 MW, NO, emissions ranged from < 0.4 to nearly 0.55 lb/MMBtu 
(< 545 to nearly 750 mg/Nm3), with NO, reduction decreasing to 33 %. Results with the 
subbituminous coal were somewhat better, with a nominal NO, reduction of 61 % and no change in 
carbon carryover. In addition, NO, reduction was fairly constant over the range of boiler loads 
evaluated using 30% pulverized subbituminous coal as the reburn fuel. Actual NO, emissions with 
the subbituminous coal ranged from roughly 0.25 to 0.34 lb/MMBtu (340 to 465 mg/Nm3). 
Neither fuel resulted in any significant change in furnace slagging or fouling, and no furnace 
corrosion was observed. In response to questions, the individual presenting the paper indicated 
that the capital cost of the demonstration was US$66/kW. Subsequent to completing the 
demonstration, Wisconsin Power and Light elected to continue operating the reburn system while 
firing the unit on subbituminous coal. 

Selective Noncatalytic Reduction 

Postcombustion NO, control options can include in-furnace as well as postfurnace 
technologies. SNCR is a postcombustion, in-furnace technology that has been evaluated for use in 
gas-, oil-, and coal-fired boilers where nitric oxide (NO) is converted into nitrogen, water, and 
carbon dioxide depending on the reducing agent used (127). SNCR technology involves the 
injection of a reducing agent into a defined flue gas temperature window in the furnace above the 
flame zone. This temperature window has been defined as broadly as 1400" to 2000°F. However, 
the actual effective temperature window is narrower for individual reducing agents such as 
ammonia and aqueous urea and can be modified with additives. Ammonia and urea are the two 
most widely used reducing agents. The importance of the temperature window cannot be 
overstated because if the reducing agent is injected at a higher temperature, the reducing agent will 
be oxidized to NO or NO,. If the reducing agent is injected at a low temperature, significant 
ammonia slip, nitrous oxide (N,O) formation, and CO emissions can result, depending on the 
specific reducing agent. Other key parameters affecting the performance of SNCR systems include 
flue gas residence time within the temperature window, adequate mixing of the reducing agent with 
the flue gas, baseline NO, concentrations, and CO concentrations. 

SNCR technology has been demonstrated on coal-fired boilers and is available commercially 
in the United States from several companies. Most of the demonstrations and commercial 
installations are using an aqueous form of urea, with NO, reductions reported to range from 30% 
to 75% for baseline NO, emissions of 0.8 to 1.2 1bIMMBtu (1080 to 1620 mg/Nm3) and various 
boiler types (front wall-fired, tangentially fired, top-fired) and sizes (40 to 110 MW) and fuel types 
(medium and low-sulfur bituminous coal) (1 49- 153). Actual controlled NO, emissions for various 
units are reported to range from 0.3 to 0.5 IbIMMBtu (410 to 680 mg/Nm3), with changes in load 
having various effects on SNCR performance. For a 100-MW coal-fired unit, 40% NO, reduction 
has been reported with an ammonia slip of 10 ppm and 25% to 30% N,O production. In some 
cases, NO, reduction increases with increasing load, and in other cases, the opposite is true. 
Reductions in NO, emissions are limited by high ammonia slip, the formation of N,O, increased 
CO emissions, and poor load-following capabilities in some cases. 

Potential problems or technology limitations include controlling ammonia slip, limiting 
ammonia in the ash, limiting N,O formation, limiting CO emissions, and effective load following. 
Ammonia slip concentrations were reported to range from < 10 to > 50 ppm in the flue gas, with 
acceptable concentrations reported to be < 2 to 10 ppm. Even in cases where ammonia slip was 



relatively stable at 5 ppm, ammonia slip spikes were periodically observed in the range of 10 to 
30 ppm. Ammonia concentrations in fly ash were reported to be > 80 ppm, an acceptable industry 
standard for some, with others stating that an ammonia concentration of > 5 ppm can be 
problematic for fly ash reuse and disposal. Excessive ammonia slip will result in air heater 
deposition problems because of the formation of ammonium sulfate/bisulfate, cause fly ash 
handling/disposal/reuse problems, and possibly result in a visible plume. Nitrous oxide formation 
was reported to range from 10% to 30% of the total NO, reduction observed for a range of 
parametric conditions and is significantly less for ammonia than urea. Concern over N,O 
formation is based on its potential for future regulation because of its role in atmospheric ozone 
chemistry d d  its role as a greenhouse gas. Carbon monoxide emissions were reported to increase 
by 5 to 25 ppm from baseline for a range of parametric conditions. 

The cost of SNCR technology for coal-fired systems has been reported to range from 
US$500 to US$1000/ton of NO, removed, with capital costs reported to be US$8 to US$22/kW 
depending on unit size, age, and other unit-specific factors. However, the use of additives to 
modify the temperature window or limit by-product formation can increase these costs. Capital 
cost saving can be realized if SNCR systems are installed on more than one unit simultaneously as 
a result of common reagent storage and circulation equipment and common engineering and 
installation costs. 

Selective Catalvtic Reduction 

SCR is a postcombustion NO, control technology that has seen wide commercial use in 
Europe and Japan and is beginning to see commercial use in the United States on gas-, oil-, and 
coal-fired systems (154, 155). Generally considered the most efficient technology for NO, control, 
SCR systems are typically designed to reduce NO, emissions by 80%. The control of NO, 
emissions is accomplished by injecting a reducing agent (aqueous or anhydrous ammonia) into the 
flue gas at air heater inlet temperatures in the presence of a catalyst. The ammonia reacts with NO 
and NO, to form nitrogen and water as by-products in the gas-phase reaction. Although SCR 
technology has been shown to be capable of reducing NO, emissions by 80% to 90%, most 
potential users in the United States do not feel it has been adequately demonstrated for successful 
technical and economical application to coal-fired boilers. Key issues identified include catalyst 
cost, catalyst poisoning, ammonia slip, ammonium sulfate/bisulfate deposition on back-end heat- 
transfer surfaces, fly ash handling/reuse/disposal problems, oxidation of SO, to SO,, and retrofit 
difficulties caused by space requirements to locate the SCR reactor between the economizer and air 
heater. In recent years, extensive work by catalyst vendors in the United States has focused on the 
development of various catalyst types in order to limit catalyst- poisoning potential and provide 
effective catalysts for a range of flue gas temperatures (156). These catalysts generally fall into 
three categories: precious metals (350" to 550°F), base metals (500" to 840°F), and zeolites 
( > 750°F). 

U.S. coal-fired experience with SCR technology has been limited to subscale demonstration 
tests and a few commercial installations. Coal-fired demonstration tests at the 1-MW scale have 
been ongoing for several years to document SCR performance for U.S. coals. U. S. coal 
characteristics considered potentially problematic for SCR catalysts include high-sulfur content and 
the potential for ash constituents (alkali and some trace elements) to reduce catalyst reactivity. 
Results from a high-sulfur (3 %) bituminous coal test have shown 80% NO, reduction and < 5-ppm 



ammonia slip for a V-Ti catalyst (157). However, after 14,000 hours of operation, catalyst 
performance degraded such that ammonia slip exceeded 5 ppm. Catalyst degradation was caused 
by catalyst plugging as a result of ash collection in the channels of the honeycomb structure and 
sulfur compounds blocking catalyst surface. Catalyst deactivation was also caused by poisoning 
due to arsenic and alkali components in the ash. Absorption of ambient moisture during system 
outages also contributed to catalyst degradation. Differential pressure measurements across the 
SCR reactors were found to be good indicators of catalyst plugging problems. The use of 
sootblowers at various elevations in the SCR system is expected to be beneficial to reduce catalyst 
plugging and limit the extent of chemical poisoning. Simultaneous tests with a zeolite catalyst 
showed a greater impact on performance, with ammonia slip exceeding 5 pprn after only 
4500 hours of operation. Conversion of SO, to SO3 was generally less than 1 % for SO, 
concentrations of 1500 to 3000 ppm. However, initial conversion rates for the zeolite catalyst 
were > 2 % and possibly contributed to the faster degradation of the zeolite catalyst performance. 
Because of the nature of this demonstration effort, economic data were not presented. 

A second test on a coal-fired system was carried out under low-sulfur conditions (158). In 
this case, the SCR system was located downstream of an FGD system. This low-ash, low-sulfur 
environment proved to be quite favorable for SCR performance. However, the expense of flue gas 
reheat to appropriate SCR temperatures must be considered. Results show that two V-Ti catalysts 
maintained 80% NO, reduction and < 5 pprn ammonia slip for 7 months. After 11 months, a high 
level of reactivity (80% NO, reduction and < 5 pprn ammonia slip) was maintained by one 
catalyst, but the second catalyst showed significant increases in ammonia slip (> 10 pprn at 80% 
NO, reduction). The reasons for degradation of the second catalyst appear to be the result of 
system start-ups/shutdowns and fine particulate (fly ash and FGD solids) escaping the FGD system. 
The authors speculated that moisture present as a result of start-ups and shutdowns was responsible 
for promoting the physical or chemical attack responsible for catalyst deactivation. Conversion of 
SO, to SO3 was in the range of < 1 % to nearly 4 %, depending on SCR temperature with inlet SO, 
concentrations of 120 to 150 ppm. One key issue for this SCR configuration is the performance of 
the recuperative heat exchanger to raise flue gas temperature to appropriate levels downstream of 
the FGD system. Capital and operating costs of this component will be significant, and potential 
impacts from deposition because of ammonia slip and the corrosive environment downstream of the 
FGD system require thorough evaluation. Because of the nature of this demonstration effort, 
economic data were not presented. 

Black & Veatch developed an overall unit design to meet more stringent emission limits 
based on a 460-MW bituminous coal-fired system for the Orlando Utilities Commission (159). 
Particulate and SO, emissions were controlled using an ESP and wet limestone FGD. Emission 
limits established for the system for NO, were 0.17 1btMMBtu (230 mg/Nm3) with < 5 pprn 
ammonia slip. The overall system approach to meeting the NO, limit involved the use of a B&W 
wall-fired unit equipped with LNB capable of limiting NO, emissions to 0.32 lb/MMBtu 
(435 mg/Nm3). Based on a technical and economic evaluation of SNCR and SCR experience, 
Black & Veatch elected to use SCR to further reduce NO, emissions by nearly 50% to reach the 
0.17-lb/MMBtu (230-mg/Nm3) emission limit. A plate-type catalyst was selected along with 
anhydrous ammonia as the reducing agent to achieve 50% NO, reduction and limit ammonia slip to 
2 ppm. Catalyst life was assumed to be 2 years, and although CEMs will be necessary to 
document NO, emissions, ammonia slip can be adequately monitored by measuring the ammonia in 
the fly ash. Designing the SCR system to limit ammonia slip to 2 pprn increased catalyst cost. 



However, advantages include reduced impacts on downstream equipment (air heater, ESP, and 
FGD system), reduced impacts on fly ash handling/reuse/disposal, and reduced forced-outage 
rates. Economic data presented showed SCR capital costs were US$32MM assuming a 5-ppm 
ammonia slip and US$35.4MM assuming a 2-ppm ammonia slip. Capital costs for the SNCR 
option were reported to be US$12.8MM. On a levelized-cost basis, SNCR costs were estimated to 
be US$11.6MM versus US$10.9MM (5-ppm ammonia slip) and US$9. IMM (2-ppm ammonia 
slip) for the SCR options. 

The use of SCR in combination with SNCR is also being evaluated in order to optimize 
overall system efficiency and minimize cost. Pilot-scale results show > 80% NO, reduction and 
< 5-ppm ammonia slip with substantially less SCR catalyst required (160). A successful 
demonstration of this concept has been completed for an 110-MW gas-oil-fired boiler, and future 
plans intend to address a similar demonstration on a coal-fired boiler (161). 

NO, Control Costs 

The use of a single technology ~p t ion  for controlling NO, emissions from a group of boilers 
is highly unlikely. Technical and economic constraints will dictate the evaluation and eventual use 
of several technology options individually and in combination. The technology options discussed 
(LNB, NGR, SNCR, and SCR) have all been shown to have application individually under specific 
circumstances as have some combinations. For example, the combination of LNB and NGR may 
be an appropriate combination in one case with LNB and SCR applied in a second. Other 
reasonable combinations may include 1) LNB and SNCR; 2) SNCR and SCR; 3) LNB, NGR, and 
SCR; and 4) LNB, SNCR, and SCR. 

Because of the nature of NO, control demonstration projects (unit-specific issues and the 
various levels of testing sometimes required), most projects do not present cost information. A 
recent paper presented by DePriest of Sargent & Lundy discussed general cost information for 
furnace and postfurnace NO, control technology options based on 1994 U.S. dollars (1 62). Data 
were presented for three furnace technology options: LNB, LNB + OFA, and NGR for wall-fired 
and tangential-fired units. The capital cost of retrofiting NO, control technology for a nominal 
660-MWe wall-fired unit ranged from US$13-US$18/kW for LNB (0.45-0.60 lb/MMBtu or 
615-820 mg/Nm3) to US$20-$US25/kW for LNB + OFA (0.35-0.45 lb/MM Btu or 
480-615 mg/Nm3). Capital cost for NGR was estimated to be US$21-US$27/kW for NO, 
emissions controlled to a range of 0.35-0.45 lb/MMBtu (480-615 mg/Nm3). Similar data were 
presented for a nominal 375-MWe tangential-fired unit with reported costs of $15-$20/kW, 
$18-$23/kW, and $28-$34/kW, respectively, for LNB (0.40-0.45 lb/MM Btu or 
545-6 15 mg/Nm3), LNB + OFA (0.30-0.35 lb/MM Btu or 4 10-480 mg/Nm3), and NGR 
(0.25-0.35 lb/MM Btu or 340-480 mg/Nm3). 

Capital costs were also discussed for two postcombustion NO, control technologies: SNCR 
and SCR. These costs were based on a nominal 600-MWe unit firing a high-sulfur bituminous coal 
with an NO, emission limit of 0.30 lb/MMBtu (410 mg/Nm3). Capital costs for SNCR were 
reported to range from US$10-US$22 /kW assuming a 50% NO, reduction capability. The low 
capital cost of SNCR is due to its limited equipment requirement, with operating costs dependent 
on the cost of the chemical reducing agent. SNCR technology is usually a better choice for units 
requiring limited NO, reduction and having a low capacity factor. For SCR technology, an NO, 



reduction of > 80 % is possible and represents its primary advantage. However, the reported 
capital cost is significantly greater, US$60-$100/kW. The broader range for and higher cost of an 
SCR retrofit is due to the site-specific nature of SCR retrofits, cost of catalyst, required ductwork 
modifications to install the SCR catalyst between the economizer and air heater, potential air heater 
upgrades, and the potential need for an economizer bypass to adequately control SCR temperature. 

6.3.2 Options for the Bul~arian Power Industry 

Bulgarian sources provided limited information for six Bulgarian power stations: Bobov 
Dol, Varna, Maritsa 3, Maritsa East 1, Maritsa East 2, and Maritsa East 3, representing 4840 MW 
of gross electrical capacity. Available information indicates that NO, emissions from the various 
units range from 605 to 2000 mg/Nm3 (0.45 to 1.48 IbIMMBtu), with most units exceeding the 
1000-mg/Nm3 (0.74-lb/MMBtu) emission limit established for pre-1995 units f ~ i n g  domestic fuel. 
Current NO, emissions must be reduced by 10% to 50% for most units in order to meet the 
1000-mg/Nm3 (0.74-lb/MMBtu) standard. One key to successfully implementing cost-effective 
technology to meet the desired NO, emission limits on existing units will be to evaluate NO, 
control options in combination with any other unit- or stationwide changes planned. For example, 
plans for fuel switching and boiler upgrades such as new burners must be factored into the NO, 
control evaluation process in order to effectively control cost and meet emission limit objectives. 
For new units, subject to the 600-mg/Nm3 (0.44-lb/MMBtu) limit for domestic and imported fuels, 
the selection of NO, control technology should be factored into the bid process for the overall unit, 
with economics, performance, and reliability motivating the decision process. Since the scope of 
this investigation and the amount of information available concerning the status and condition of 
the existing units and their layout were very limited, it was not possible or appropriate to discuss 
technology or equipment options in detail. Therefore, the intent here is to briefly describe a range 
of technology options and identify U.S. companies that have shown an interest in projects in 
Bulgaria and have demonstrated experience relative to the applicable technology options. It is 
understood that reducing NO, emissions is a lower priority than reducing particulate and SO, 
emissions from Bulgarian fossil fuel-fired electrical generating systems. 

Since NO, control technology has not been applied previously in Bulgarian power stations, 
the first step must be to establish viable technology retrofit options for reducing NO, emissions at 
each plant prior to considering detailed evaluations of the alternative technologies. In this 
evaluation, retrofit NO, control options were only seriously considered for units at four of the six 
stations identified: Bobov Dol, Varna, Maritsa East 2, and Maritsa East 3. Units at Maritsa East 
1 are all over 30 years of age and were recommended for decommissioning in a study completed 
by Overseas Bechtel, Inc., in 1993. In addition, no information was available concerning the 
current NO, emissions or the boiler configurations at Maritsa East 1. If the Maritsa East 1 Station 
were repowered using a CFB boiler, NO, emissions from the CFB would be expected to meet the 
post-1995 limit, 600 mg/Nm3 (0.44 IblMMBtu). In the event that this plant were not repowered, 
Raytheon Engineers & Constructors recommended that combustion equipment upgrades (mills, 
burners, etc.) and boiler tuning can typically reduce NO, emissions by 50%. In addition, the use 
of OFA can reduce NO, emissions by 5 % to 15 % . Care must be taken to review boiler design 
thoroughly in order to determine the feasibility of combustion modifications and avoid operability 
problems that can affect system reliability and change heat-transfer characteristics. Because of the 
age of the units at the Maritsa East 1 Station and the low priority of reducing the emission of 
nitrogen species, a very low-cost approach to NO, control is required. 



The Maritsa 3 Station is also characterized by old units: two units (25 MW each) over 
40 years of age and one unit (120 MW) over 20 years of age. Decommissioning of the existing 
units was recommended in the 1993 Overseas Bechtel, Inc., study along with repowering using a 
CFB boiler. Repowering using gas-fired boilers was also recommended as an option because of 
the poor quality of the available domestic lignite. In this case, if gas-fired boilers were selected, 
no requirement for NO, control would be anticipated. If a CFB boiler were selected as the 
appropriate repowering option, the low-NO, emissions typical of a CFB boiler should meet the 
post-1995 limit of 600 mg/Nm3 (0.44 IblMMBtu). In the event that the Maritsa 3 units would not 
be decommissioned, NO, emissions would have to be reduced by as much as 55 % in order to meet 
the post-1995 emission limit. Raytheon commented that the use of CC would be the least-cost 
option for reducing emissions and should be thoroughly evaluated prior to considering 
postcombustion options. Another option to be considered would involve switching to a 
subbituminous fuel in order to improve the potential for combustion modifications alone to meet 
the 600-mg/Nm3 (0.44-lb/MMBtu) NO, limit. If emission trading is permitted, one option may be 
to overcontrol NO, emissions on other units in order to minimize the overall cost of reducing NO, 
emissions systemwide. 

Table 6-4 presents a list of, and identifies a poini of contact for, U.S. companies that 
provided a response to a request for information concerning NO, control technology options 
appropriate for the Bulgarian power industry and related company capabilities and experience. The 
vendor appendix contains specific comments made by Raytheon Engineers & Constructors for each 
of the six stations along with some general company information relative to capabilities and 
experience. General information provided by other companies relative to capabilities and 
experience is also included in the appendix. 

The following comments are based on limited information. Ultimately, any detailed station 
or unit rehabilitation plans must be based on thorough detailed technical evaluations of each unit, 
including the consideration of social and economic constraints specific to Bulgaria. A key element 
to minimizing the cost of NO, control technology options would be the manufacture of components 
in Bulgaria or other central European countries where possible. 

Bobov Do1 

The Bobov Do1 station consists of three units built in the mid-1970s, each rated at 210 MW 
firing a domestic subbituminous coal. Key factors affecting plant operations, as identified in a 
1993 Overseas Bechtel, Inc., study, have been fuel shortages, air inleakage, boiler slagging, ash 
erosion of the ID fan, and poorly performing ESPs (86.3 % to 97.8% particulate control). Because 
fuel shortages are a key issue for this plant, resolution of this issue is important prior to evaluating 
options for boiler rehabilitation, other equipment upgrades, or evaluating NO, control technology 
options. Once the fuel source has been selected (imported versus domestic), NO, control options 
can be evaluated in combination with boiler rehabilitation options. Current NO, emissions at the 
Bobov Do1 Station are reported to be 605 to 620 mglNm3 (0.45 to 0.46 IbIMMBtu). Therefore, 
NO, emissions at the Bobov Do1 Station currently meet the pre- 1995 standard of 1000 mg/Nm3 
(0.74 lb/MMBtu). In the event that this station were required to meet the post-1995 standard of 
600 mg/Nm3 (0.44 IbIMMBtu), a small reduction in NO, emissions would be necessary, < 5%. 



TABLE 6-4 

U. S. Companies Providing Information Concerning 
Control Technology for Nitrogen Species 

ABB CE Boiler Business Area Burns & McDomell 
200 Great Pond Drive 4800 East 63fd Street 
Windsor, Connecticut 06095-0568 Kansas City, Missouri 64130 
Mr. Thomas R. Comors Mr. John P. Werthman, P.E. 
Director of Strategic Development Manager, Business Development 
Telephone (203) 285-9090 Air Pollution Control Division 
Fax (203) 285-5987 Telephone (8 16) 822-3437 

Fax (8 16) 822-3415 

Black & Veatch 
1 140 1 Lamar Avenue 
Overland Park, Kansas 662 1 1 
Mr. Leroy E. Kashka 
Project Manager 

Telephone (9 13) 339-243 1 
Fax (913) 339-2934 

Raytheon Engineers & Constructors 
PO Box 5888 
Denver, Colorado 802 17 
Mr. Paul A. Ireland 
Chief Engineer, Air Pollution 
Control 
Telephone (303) 843-3420 
Fax (303) 843-2358 

Sargent & Lundy Engineers 
55 East Monroe Street 
Chicago, Illinois 60603-5780 
Mr. William DePriest 
Manager, Air Quality Control Services 
Telephone (3 12) 269-6678 
Fax (3 12) 269-3634 

Raytheon Engineers & Constructors stated that implementing equipment upgrades (mills, 
burners, etc.) along with firing system tuning should easily meet the post-1995 NO, standard. Fuel 
switching and/or blending is likely at the Bobov Do1 Station in order to resolve fuel shortage 
problems and reduce SO, emissions. Even though switching to, or blending of, higher-quality 
fuels would be expected to increase NO, emissions, the combination of large furnace volume, 
equipment upgrades, and system tuning should result in NO, emissions well below the post-1995 
standard. 

Varna 

The Varna Station consists of six units built in an 1 1-year period beginning in 1968, each 
rated at 210 MW firing a Ukrainian anthracite coal. Key factors affecting plant operations, as 
identified in a 1993 Overseas Bechtel, Inc., study, have been fuel shortages, SH failures, and ash 
erosion. Because fuel shortages are a key issue for this plant, resolution of this issue is important 



prior to evaluating options for boiler rehabilitation, other equipment upgrades, or evaluating NO, 
control technology options. Once the fuel source has been selected (imported versus domestic), 
NO, control options can be evaluated in combination with boiler rehabilitation options. Current 
NO, emissions at the Varna Station are reported to be 1880 to 2000 mg/Nm3 (1.39 to 
1.48 lb/MMBtu). Therefore, NO, emissions at the Varna Station currently exceed the pre-1995 
standard of 1000 mg/Nm3 (0.74 IbIMMBtu). In order to meet the pre-1995 standard, NOz 
emissions at the Varna Station must be reduced by roughly 50%. Switching to a low-sulfur, 
higher-moisture fuel will reduce NO, emissions somewhat. In addition, air staging, burner 
upgrades, and operational tuning will also be necessary. However, the combination of fuel 
switching and equipment upgrades alone may not be sufficient to meet the pre-1995 NO, standard. 
In the event that this station were required to meet the post-1995 standard of 600 mg/Nm3 

(0.44 lb/MMBtu), a 70% reduction in NO, emissions would be necessary. It is unlikely that a 
combination of fuel switching, equipment upgrades, and system tuning would be adequate in this 
case. Postcombustion technologies such as SNCR or SCR may be technically appropriate, but 
their use should only be considered if there is economic incentive to do so and/or emission trading 
options are not permitted. 

Raytheon Engineers & Constructors stated that switching to a bituminous or subbituminous 
fuel at the Varna Station would be a complicated process requiring the careful review of many 
factors. This concern is based on an assumed small furnace design based on the current use of 
anthracite coal and the high NO, emissions reported. Although switching to a fuel having higher 
moisture and volatile matter content will reduce NO, emissions, the level of reduction cannot be 
accurately predicted. Implementing equipment upgrades (mills, burners, etc.) along with firing 
system tuning will also reduce NO, emissions, but is not expected to be adequate to meet the post- 
1995 NO, standard. SNCR technology is an option worth considering. However, NO, reduction 
would not be expected to exceed 50% and would more likely be closer to 25 %. In addition, a 
careful evaluation of the boiler temperature profile would be required to determine if SNCR is 
technically and economically appropriate. Raytheon indicated that in order to meet the 
600-mg/Nm3 (0.44-lb/MMBtu) NO, limit, SCR technology may be the best choice. 

Maritsa East 2. Units 1-8 

The Maritsa East 2 Station consists of eight units built over a 27-year period beginning in 
1963. The first four units were built from 1963 through 1969, and each is rated at 150 MW firing 
a Troyanovo 2 lignite. Units 1 through 4 have been derated to a 520-MW combined output 
because of poor fuel quality, specifically high moisture content. Units 5 through 8 at Maritsa East 
2 were built from 1985 through 1990, and each is rated at 210 MW firing the Troyanovo 2 lignite. 
Flue gas from these eight units is emitted through two stacks: a single stack for Units 1 through 6 
and a second stack for Units 7 and 8. Key factors affecting the operation of Units 1-4, as 
identified in a 1993 Overseas Bechtel, Inc., study, have been fuel availability caused by processing 
and handling problems, lower furnace tube failures due to overtemperature, and economizer 
erosion. Other factors affecting Units 5-8 have been fuel quality (high moisture and ash), burner 
area ash erosion, and limited turndown capacity, 140 MW. Although fuel availability has been a 
problem, there are no plans to switch fuels. Fuel drying has been used in the past to upgrade the 
lignite and may be used in the future. However, unit rehabilitation activities must be based on the 
continued use of the high-moisture and high-ash lignite. In addition, NO, control options should 
be evaluated in combination with boiler rehabilitation options. Current NO, emissions at the 



Maritsa East 2 Station are reported to be 1 100 to 1300 mg/Nm3 (0.8 1 to 0.96 IblMMBtu) and, 
therefore, exceed the pre-1995 standard of 1000 mg/Nm3 (0.74 IblMMBtu). In order to meet the 
pre-1995 standard, NO, emissions at the Maritsa East 2 Station must be reduced by nearly 25 %. 
Burner upgrades and operational tuning should adequately reduce NO, emissions to meet the pre- 
1995 limit of 1000-mg/Nm3 (0.74 lb/MMBtu). In the event this station were required to meet the 
post-1995 standard of 600 mg/Nm3 (0.44 lb/MMBtu), a reduction in NO, emissions of roughly 
55% would be necessary. Again, combustion system upgrades (OFA and LNB) and operational 
tuning may be adequate to meet the post-1995 NO, limit. If the use of postcombustion 
technologies such as SNCR or SCR are required to meet the post-1995 NO, limit, their use should 
only be considered if there is economic incentive to do so and/or emission trading options are not 
permitted. 

Raytheon Engineers & Constructors stated that burner upgrades and boiler tuning would be 
expected to meet the pre-1995 NO, emission limit and may be capable of meeting the post-1995 
limit. If combustion system modifications alone are not adequate to meet the post-1995 NO, limit, 
postcombustion control techniques should be considered. Raytheon suggested that SNCR would 
most likely be a better choice than SCR. However, the performance of SNCR technology is very 
sensitive to flue gas temperature and flow distribution in the furnace. Therefore, a thorough 
physical evaluation of each boiler would be required, along with modeling of boiler heat-transfer 
characteristics. 

Maritsa East 3 

The Maritsa East 3 Station consists of four units built in a 3-year period beginning in 1978, 
each rated at 210 MW firing Troyanovo 3 lignite. Key factors affecting plant operations, as 
identified in a 1993 Overseas Bechtel, Inc., study, have been fuel quality (high moisture and ash), 
furnace wall damage caused by high ash loading and flame impingement, furnace slagging, high 
furnace exit temperatures, SH and RH overheating, and economizer erosion. Although fuel quality 
has been a problem, there are no plans to switch fuels. Therefore, unit rehabilitation activities 
must be based on the continued use of the high-moisture and high-ash lignite. In addition, NO, 
control options should be evaluated in combination with boiler rehabilitation options. Current NO, 
emissions at the Maritsa East 3 Station are reported to be 1100 to 1300 mg/Nm3 (0.81 to 
0.96 lb/MMBtu) and, therefore, exceed the pre-1995 standard of 1000 mg/Nm3 (0.74 IbIMMBtu). 
In order to meet the pre-1995 standard, NO, emissions at the Maritsa East 3 Station must be 
reduced by nearly 25%. Burner upgrades and operational tuning should adequately reduce NO, 
emissions to meet the pre-1995 limit of 1000 mg/Nm3 (0.74 IbIMMBtu). In the event this station 
were required to meet the post-1995 standard of 600 mg/Nm3 (0.44 lb/MMBtu), a reduction in 
NO, emissions of roughly 55 % would be necessary. Again, combustion system upgrades (OFA 
and LNB) and operational tuning may be adequate to meet the post-1995 NO, limit. If the use of 
postcombustion technologies such as SNCR or SCR are required to meet the post-1995 NO, limit, 
their use should only be considered if there is economic incentive to do so and/or emission trading 
options are not permitted. 

Raytheon Engineers & Constructors stated that burner upgrades and boiler tuning would be 
expected to meet the pre-1995 NO, emission limit and may be capable of meeting the post-1995 
limit. If combustion system modifications alone are not adequate to meet the post-1995 NO, limit, 
postcombustion control techniques should be considered. Raytheon suggested that SNCR would 



most likely be a better choice than SCR. However, the performance of SNCR technology is very 
sensitive to flue gas temperature and flow distribution in the furnace. Therefore, a thorough 
physical evaluation of each boiler will be required, along with modeling of boiler heat-transfer 
characteristics. 

6.4 Integrated Emission Control Systems 

A number of integrated concepts for controlling emissions (particulate, SO,, and NO,) from 
coal-fired systems are at various stages of evaluation andlor demonstration. Some are intended to 
simultaneously control SO, and nitrogen species (NO and NO,); a few target simultaneous control 
of particulate and nitrogen species; and still others are intended to control particulate, SO,, and 
nitrogen species simultaneously. The DOE Clean Coal Technology Demonstration Program is 
supporting two integrated concepts for simultaneous control of SO, and nitrogen species. The 
NOXSO process controls SO, and nitrogen species in a two-stage fluid-bed absorber, operated at 
250°F and located downstream of a conventional particulate control device employing an alkali- 
impregnated alumina sorbent (163-165). Emissions control is reported to be 95% for SO, and 
80% for nitrogen species. Spent sorbent is regenerated in a multistep process where the nitrogen 
species are recycled back to the boiler for reduction and the SO, is reduced to hydrogen sulfide 
(H,S) and other reduced sulfur forms using methane prior to its entering a sulfur recovery plant. 

The copper oxide process was also developed for the purpose of simultaneous control of SO, 
and nitrogen species (1 19, 166). In this case, the flue gas is contacted with a copper-impregnated 
alumina sorbent in a moving- or fluid-bed absorber operated at about 750°F to achieve 90% SO, 
capture and 90% reduction of nitrogen species. Sulfur dioxide is captured as copper sulfate, and 
simultaneous reduction of nitrogen species is accomplished in the absorber as a result of ammonia 
injection, with the copper sulfate acting as a catalyst. Spent sorbent is transferred to a regenerator 
operated at elevated temperatures using methane to reduce the copper sulfate and produce a 
concentrated SO, stream for processing in a sulfur recovery plant. The copper-based sorbent is 
recycled to the absorber. 

A process referred to as CombiNO, makes use of a combination of nitrogen species control 
concepts (LNB, NGR, and SNCR), methanol injection, and wet scrubber technology to achieve 
> 95 % SO, capture and 90% NO, capture. Simply stated, the NO not controlled by the 
combination of LNB, NGR, and SNCR is oxidized to NO, as a result of the methanol injection. 
The NO, and SO, are captured in a wet scrubber using both sodium carbonate and calcium 
carbonate as alkali sources, along with a sodium thiosulfate additive. Evaluation of this concept 
has been limited to pilot-scale tests (167). 

B&W is pursuing, with DOE support, the development of a simultaneous emissions control . 
concept referred to as the "SO,-NO,-RO, Box" (168, 169). The basic premise is the simultaneous 
control of particulate, SO,, and nitrogen species in a hot-side baghouse. Particulate control is 
accomplished as a result of conventional filtration mechanisms in a pulse-jet baghouse operated at 
800" to 900" F. Sulfur dioxide capture is reported to be >70% using hydrated lime (Ca[OH],) 
injection upstream of the hot-side baghouse. The emission of nitrogen species is reduced by 
> 90 % as a result of ammonia injection upstream of the baghouse and the location of an SCR 
catalyst on the clean side of the pulse-jet filter bags. Ammonia slip was reported to be < 5 ppm. 
An economic evaluation was completed based on the results from a 5-MW equivalent 



demonstration. Capital costs for a 250-MW coal-fired plant were estimated to be US$258/kW, 
assuming 90% SO, and NO, control and a particulate limit of 0.03 IblMMBtu. 

ABB Environmental Systems is evaluating the SNOX process with support from the DOE 
Clean Coal Technology Program (170). This process is intended to make use of an integrated hot- 
side filter and SCR catalyst for particulate control and nitrogen species reduction using ammonia as 
the reducing agent. Flue gas exiting the integrated filter/SCR component enters a reactor 
containing an oxidizing catalyst for the purpose of oxidizing SO, to SO,. The flue gas then enters 
a falling film condenser to recover sulfuric acid. A recent demonstration effort has shown that 
reasonable particulate control and > 90% SO, and NO, control is possible while recovering a 
salable sulfuric acid product. 

Although these integrated emissions control concepts show promise for future commercial 
applications, their high capital costs and lack of commercial experience make them poor choices at 
this time for meeting the near-term requirements of the Bulgarian power industry. However, 
construction of new coal-fired power stations throughout the world in the next century is expected 
to make use of highly efficient emission control technologies such as these to effectively control 
emissions and produce salable by-products rather than a solid waste requiring disposal. 

6.5 Overview of U.S. Regulations 

As previously stated, controlling emissions from fossil fuel-fired systems is important in 
order to protect the environment and ultimately the quality of life throughout the world. In the 
United States, the regulation of pollutant emissions from fossil fuel-fired electrical generating 
systems has evolved over several decades and continues to evolve on an annual basis at the federal, 
state, and local levels. The passage of the 1990 Clean Air Act Amendments is the most recent 
example of federal regulations imposing tighter restrictions on emissions from fossil fuel-fired 
electrical generating stations. The 1990 Clean Air Act Amendments have two primary goals: 
pollution prevention and a market-based least-cost approach to emissions control. In attempting to 
address air quality issues as well as permitting and enforcement, the 1990 Clean Air Act 
Amendments contain eleven sections or titles: Title I - National Ambient Air Quality Standards, 
Title I1 - Mobile Sources, Title I11 - Hazardous Air Pollutants, Title IV - Acid Deposition 
Control, Title V - Permits, Title VI - Stratospheric Ozone Protection Chemicals, Title VII - 
Enforcement, Title VIII - Miscellaneous Provisions, Title IX - Clean Air Research, Title X - 
Disadvantaged Business Concerns, and Title XI - Clean Air Employment Transition Assistance 
(171, 172). 

Titles I, 111, IV, and V have the potential to change how operators of coal-fired electrical 
generating systems control, monitor, and report emissions. Although the focus of Title I is 
ambient air quality, it has the potential to impose new regulations on coal-fired boilers. 
Specifically, regions of the United States designated as nonattainment for ozone, carbon monoxide, 
respirable particulate, lead, nitrogen dioxide, or sulfur dioxide will be under increasing pressure to 
develop and implement emission reduction plans to achieve ambient air quality standards. Failure 
to comply can result in sanctions such as severe emission reduction offsets for new sources. As a 
result, coal-fired electrical generating systems may be targeted for further reductions in the 
emission of nitrogen species in an effort to reduce ambient ozone concentrations as well as fine 
particulate emissions to reduce ambient respirable particulate concentrations. 



Title 111, Hazardous Air Pollutants, requires the EPA to establish stationary source categories 
and to implement regulatory standards for 189 air toxics from source categories emitting 25 tons 
annually of any combination of pollutants or 10 tons annually of a single pollutant. In addition, 
EPA must issue maximum achievable control technology (MACT) standards. The original list of 
189 chemicals may be expanded or reduced based on risk to public health. Once controls are in 
place, "residual" risk assessments must be performed to determine if there is a need for further 
reductions. Although this amendment requires the regulation of commercial, industrial, and 
municipal incinerators in the United States, it does not specifically require the regulation of 
hazardous air pollutants from fossil fuel-fnqd electrical generating systems. Rather, Title I11 
requires that the EPA study hazardous air pollutant emissions from fossil fuel-fired electrical 
generating systems prior to promulgating any new regulations. 

Title IV, Acid Deposition Control, and Title V, Permits, have had and will continue to have 
the most significant effect on U.S. coal-fired electrical generating systems for the remainder of this 
decade. In the case of Title IV, sulfur dioxide emissions must be cut by 10 million tons annually 
by January 1, 2000, based on 1980 emission estimates and cannot exceed 8.9 million tons annually 
in future years. The approach to achieving this requirement consists of two phases and permits a 
flexible market-based decision process involving the issuance of sulfur dioxide emission allowances 
by EPA. These allowances can be bought and sold between companies, transferred within a 
company, or banked for future use. In Phase I, 1 11 coal-fired electrical generating stations, 
identified as emitting the most SO, in the United States, were required to reduce their emissions to 
2.5 lb of SO,/MMBtu (3380 mg/m3) by January 1, 1995, for which EPA will issue emission 
allowances. In Phase 11, coal-fired electrical generating units will be required to reduce emissions 
to 1.2 lb of SO,/MMBtu (1620 mg/m3) by January 1, 2000. Again, EPA will issue emission 
allowances based on the 1.2 lb of SO,/MMBtu (1620 mg/m3) limit and cap SO, emission 
allowances at 8.9 million tons annually. To meet emission reporting and compliance requirements, 
SO, emission sources are required to install continuous emission monitoring systems. The 
monetary penalty for emitting SO, in excess of the emission allowances held is a fee of 
US$2000/ton. In addition, future SO, emissions must be offset by an amount equal to the excess 
emissions in order to meet the annual 8.9-million-ton cap. Title IV also requires a 2-million-ton 
reduction in the emission of nitrogen species by January 1, 2000. Although the approach is 
expected to be similar to that applied to SO,, specific emission standards have not been established, 
and the exact implementation schedule is uncertain at this time. 

Title V, Permits, will significantly increase the number of regulated sources in the United 
States requiring permits by definition and will strengthen state environmental laws. This title 
defines a major source as one that emits or has the potential to emit 100 tonslyear of any criteria 
pollutant (hydrocarbons, carbon monoxide, lead, nitrogen dioxide, sulfur dioxide, and 
particulates), 10 tonslyear of a single hazardous air pollutant, or 25 tonslyear of a combination of 
hazardous air pollutants. The permit program will be implemented at the state level, with EPA 
having review authority and the option to intervene if the state program is determined to be 
inadequate to protect air quality. 
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7.0 ADVANCED POWER GENERATION SYSTEMS 

Based on the guidance received from Energoproekt and TOTEMA, the Bulgarian Committee 
on Energy (COE) is interested in using IGCC systems fueled on Maritsa East and Sofia lignites in 
cogeneration applications for future industrial power plants (IPPs). A PFBC unit can be used to 
advantage in similar applications. Interest has also been expressed in the installation of natural 
gas-fired turbines for peaking capacity with later conversion to coal gas. 

The following sections provide 1) an overview of the status and availability of advanced 
power technologies, including the U.S. Clean Coal Technology Demonstration Projects; 2) heat 
and material balances for selected technologies applied to Maritsa East lignite, with sensitivity 
determinations for property changes (e.g., coal cleaning or drying); and 3) summary information 
on technologies provided by vendors. More detailed information from calculations and vendor 
submissions are included in Appendices C and D and the specific appendix for each vendor. 

7.1 First-Generation Advanced Power Systems 

Advanced power systems that have used LRCs at or near commercial scale include the ABB 
Combustion Engineering PFBC unit in Spain; Texaco, Dow, and Shell IGCC systems in the United 
States; and the Winkler and Lurgi gasification systems in Germany. These first-generation systems 
offer efficiencies of 38 %-4 1 % at projected mature capital costs of US$1200-US$2000/kW. 
Comparable efficiencies can be achieved in advanced supercritical pc-fired boilers. Of the leading 
U.S. systems, only the Destec and Shell IGCC units, using entrained-flow gasifiers equipped with 
cold-gas cleaning, offer substantial improvement in sulfur control (99+ %) at projected capital 
costs comparable or lower than those of pc-firing. The system having the lowest reported cost 
(Destec) uses a two-stage slurry feed, which provides some flexibility for burning high-moisture 
lignites, although not as much as the dry-feed Shell gasifier. The first-generation Texaco IGCC 
system, which uses a single-stage slurry feed requiring higher oxygen and heat recovery duty, does 
not appear to be competitive for high-moisture coal unless the feed coal is blended with petroleum 
coke or hydrothermally dried. First-generation PFBC units are approximately equivalent to 
supercritical pc-fired boilers in cost, efficiency, and sulfur removal. 

7.2 Second-Generation Advanced Power Systems 

Goals for future market-driven power systems used by DOE planners are listed in Table 7-1 
(1, 2). Capital costs under US$1000/kW can be met only by highly simplified systems based on 
hot-gas cleanup, with minimum heat recovery and reheat duty. Combined-cycle efficiencies of 
45 %-50% will require that pristine fuel or combustion gases are delivered to gas turbines 
operating at 1371 "C (2500°F). These future performance goals will have to be met under more 
stringent environmental requirements, including 95 %-99 % sulfur control and NO, standards as 
low as 
0.1 IblMMBtu (150 mglscm). Air toxic emissions pose additional, but as yet unknown, 
requirements. First-generation advanced systems cannot meet all of these requirements, and the 
future of coal-based advanced power generation depends, in considerable measure, on the success 
of emerging second- and third-generation systems. 



TABLE 7-1 

U.S. DOE Goals for Future Market-Driven Coal-Fired Power Systems 

Capital Cost Under US$1000/kW 

Efficiency 45%-50% 

Sulfur Control 95%-99% 

NO, Control 0.1-0.3 1bIMMBtu 

Air Toxics Meet 1990 CAAA regulations 

The second-generation systems that are the principal focus of this report are IGCC and PFBC 
designs entering their demonstration phase of development. These are represented by the four 
PFBC and six IGCC demonstration projects listed in Table 7-2, which are included in the U.S. 
Clean Coal Technology Program (3). Technical advances in PFBC involve moving beyond high- 
efficiency cyclones and hardened turbines to use of ceramic barrier filters and topping combustors 
fueled on coal carbonization gas to raise gas turbine operating temperatures (4). The six IGCC 
demonstrations involve different combinations of air- or oxygen-blown gasification along with hot- 
or cold-gas cleanup for particulates and H,S and combustion control for NO,. The gasifier types 
represented are entrained-flow (Texaco, Destec, and ABB-Combustion Engineering [CE]), 
fluidized-bed (Kellogg and TAMCO), and slagging fixed-bed (British GasILurgi). 

Process parameters for the above technologies and other designs under development are 
summarized in Table 7-3. The interactions of LRC properties with these processes will be 
discussed in subsequent sections, with the focus on the more important impacts on generic PFBC 
and IGCC systems. Coal property impact on alkali gettering, hot particulate filtration, air toxic 
controls, and solid residual management are common to all advanced systems, and these will be 
discussed separately. 

7.2.1 Advanced PFBC Svstems 

Advances in PFBC involve improvements in ceramic barrier filters and to the development 
of hybrid systems for increasing gas turbine temperatures and efficiencies. Conventional PFBC 
combined-cycle systems produce only 20%-25 % of their power output from the gas turbine, 
which, along with low gas turbine temperature, limits efficiency and provides only a small 
increment of added capacity in repowering applications. Hybrid systems serve to overcome these 
limitations. 

Hybrid PFBC systems (Figure 7-1) offer substantial improvement in efficiency by after- 
burning with coal gas or natural gas to raise gas temperatures and efficiencies up to the limits 
imposed by the gas turbine (4). This decoupling of the gas turbine temperature allows flexibility 
for reducing PFBC temperatures when operating on high-alkali LRCs, to reduce the risk of alkali 
vapor carryover to the turbine and agglomeration in the bed. The high reactivity of LRC maintains 



TABLE 7-2 

Advanced Power Projects in the U.S. Clean Coal Technology Program 

Primary Unit 
Technology Capacity, 

Project Providers MWe Important Features ' 

-- - 

Pressurized Fluidized-Bed Combustion 

Tidd B&W 

Appalachian B&W 
Power 

70 PFBC with high-efficiency cyclones and 
hardened gas turbines 

340 Compact scaleup of Tidd design with 
possible hot-gas filtration 

DMEC- 1 Pyropower 80 Circulating PFBC with ceramic barrier 
filter 

Four Rivers Foster Wheeler 95 Hybrid carbonizerIPFBC, ceramic 
barrier filter and topping combustor 

Inte~rated Gasification Combined Cvcle 

Springfield ABB 65 Air-blown entrained-flow gasifier with 
Combustion moving-bed hot-gas cleanup 
Engineering 

Camden British 240 Oxygen-blown slagging fixed-bed 
GasILurgi gasifier with cold-gas cleanup and 

2.5-MW fuel cell 

Pinon Pine Kellogg 102 Air-blown fluidized-bed gasifier with 
in-bed limestone, ceramic barrier filter, 
and metal oxide desulfurization 

Toms Creek TAMCOIIGT 190 Air-blown fluidized-bed gasifier with 
in-bed dolomite, zinc titanate fluidized- 
bed hot-gas desulfurization, ceramic 
candle filters 

Tampa Electric TexacoIGE 322 Oxygen-blown entrained-flow gasifier 
with parallel cold-gas cleanup and zinc 
titanate fixed-bed hot-gas cleanup; 
advanced gas turbine with N, injection 
for NO, control 

Wabash River Destec 262 Oxygen-blown two-stage entrained-flow 
gasifier with heat exchangers for steam 
generation and fuel gas reheat after 
cold-gas cleaning 



TABLE 7-3 

Process Parameters for Second-Generation Advanced Power Svstems . 
Combined Combustion Cycles IGCC 

Process Developers 

Coal Conversion Conditions 
Pressure, atm 
Max. Temperature, "C 
Exit Gas Temperature, "C 
Gas Atmosphere 

Key Technical lssues 

Priority Gas Contaminants 

Advanced PFBC Direct-Fired Slagging Externally Fired Moving-Bed Moving Bed 
Comb. Cycle Dry Ash Stagging Fluidized Bed Entrained Flow 

Foster Wheeler AVCOlWestinghouse United Technologies Lurgi British Gas1 KRW Texaco (Oxygen) 
Babcock & Wilcox Solar Turbines Foster Wheeler Lurgi TAMCOIIGT Dow (Oxygen) 
ABB- Hague International HT-Winkler Shell (Oxygen) 
Pyropower Kellogg Prenflow (Oxygen) 

CE (Air) 

10-20 10-20 1-20 10-20 10-20 10-20 10-20 
800-900 1500-1600 1500-1600 1100-1300 1500-1600 800-900 1300-1700 
800-900 1000-1350 1200-1400 200-600 200-600 800-900 1000-1400 

Oxidizing Reducingloxidizing Oxidizing Reducing Reducing Reducing Reducing 
Bed agglomeration; Slag removal efficiency; Slag control; Coal fines; 
SO2 removal efficiency; Sulfur control method; Ceramic heat High steam 
Sorbent utilization; Alkali gettering; exchanger design; requirement; 
Sulfide oxidation; Barrier filters; Materials corrosion; Tar 
Alkali gettering; Materials corrosion; NO, control separation; 
Barrier filters; NO, control Low offgas 
NO, control temperature; 

Hot-gas 
cleanup; 
High NH,; 
NO, control 

Slag discharge Carbon Coal feeding; 
Tar separation conversion; Air operation; 
Hot-gas cleanup Char recycle; High offgas temperature; 

In-bed sulfur Heat recovery; 
control; Oxygen demand; 
Alkali Alkali genering; 
gettering; Hot-gas cleanup; 
Barrier filters 

Particulates 
Alkalies 

Particulates 
Alkalies 
H,SISO, 

Coal dust Coal dust Char HzS 
Tar Tar Tar Particulates 
H2S H2S H2S Alkalies 

Particulates Chlorides 
Alkalies . . 

Chlorides 

Auxiliary Emission Controls 
NO, CC* or SCR** CC or SCR CC or SCR TCC*** or TCC or SCR TCC or SCR TCC or SCR 
Sulfur In-bed limestone Sorbent injection Scrubber SCR In-bed 
Particulate ESP or baghouse lin~estone 
Air Toxics Char filter Char filter Char filter Char filter Char filter 
* Combustion controls for NO, reduction. 
** Selective catalytic reduction for NO, control. 

*** Turbine combustion control for NO, control. 
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Figure 7-1. Hybrid PFBC combined cycle. 

reasonable carbon burnout at lower bed temperatures. Alternatively, the bed temperature can be 
optimized for SO, removal and sorbent utilization. 

In a hybrid PFBC system, sulfur control in the fluidized-bed gasifier supplying fuel gas for 
afterburning is provided by adding limestone or dolomite to capture H,S as calcium sulfide (CaS). 
Achieving high levels of sulfur capture (e.g., 90%) in the gasifier requires operation at 
temperatures above 900°C to calcine CaCO, to CaO (5). The reaction of calcined 
limestone-dolomite is rapid. aml H2S removals approach equilibrium (6). However, high 
gasification temperatures intensify concern over alkali release and bed agglomeration when high- 
alkali LRCs are used. Also, conversion of CaS to CaSO, in PFBC, which is necessary for safe 
waste disposal, does not go to completion, and some of the oxidized sulfur is released as 3% in the 
offgas (7). 

Simplified IGCC systems designed to minimize capital cost, as depicted in Figure 7-2, 
consist of a gasifier, a hot-gas cleanup module, and the gas turbineisteam turbine power system. 
System conflguration would be predicated on the type of gasifier used, which ideally would be air- 
blown and match the temperature requirement of the hot-gas cleanup module. Exit gas 
temperatures as shown in Table 7-3 vary from as high as 1400°C in the Texaco entrained-flow 
gasifier down to as low as 200°C in a moving-bed gasifier operating on high-moisture lignite. 
IGCC is an attractive repowering technology when added generating capacity is needed owing to 
the relatively larger amount of power generated in the gas turbine when compared to a PFBC 
combined cycle. 



Figure 7-2. Simplified IGCC . 
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Commercial entrained-flow gasifiers are offered by Texaco, Dow, and Shell for oxygen- 
blown operation. The planned ABB Combustion Engineering air-blown entrained-flow gasifier to 
be used in the Springfield Project under the Clean Coal Technology Program is a two-stage 
gasification process that combines a tangentially fired slagging combustion section (operating on 
pulverized coal and recycle char) and an entrained-flow gasification section (operating on 
pulverized coal only), with both sections incorporated into a waterwall steam generator design (8). 
Demonstrations of advanced IGCC systems based on an entrained-flow gasifier with cold-gas 
cleanup include Tampa Electric (Texaco), Wabash River (Destec), Buggenum in the Netherlands 
(Shell), and Puertollano in Spain (Prenflow). 
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The advantages of fluidized-bed gasifiers are in their ability to incorporate in-bed sulfur 
capture using limestone and their reduced gas-cooling requirement. Up to 90% sulfur removal can 
be accomplished in the bed at temperatures above 900°C, where the limestone is substantially 
calcined. The use of precalcined limestone may reduce this temperature, but confirming data are 
not available. At best, in-bed sulfur control does not match the 99% removal capability of mixed 
metal oxide sorbents such as zinc ferrite or zinc titanate. Also, in-bed sulfur removal adds 
complexity by requiring a PFBC or other combustion unit to convert unstable calcium sulfide waste 
produced in the gasifier into calcium sulfate that is suitable for disposal, as well as to make use of 
unburned carbon in gasifier char. Operation of the gasifier above 900°C with high-alkali coals 
also raises concern over bed agglomeration and increased need for alkali gettering to reduce alkali- 
vapor carryover into the gas turbine. High carbon conversions at low char recycle rates can be 
achieved at temperatures below 900°C when reactive LRCs are used, provided that a lower level of 

Ash Dust Sulfur Electricity Electricity 

Gasifier 
Hot- Gas 

Heat Steam - Gas Turbine 3 Turbine Steam 
Generator Generator 



in-bed sulfur capture is acceptable. Demonstration of IGCC based on fluidized-bed gasifiers 
include Pinon Pine (Kellogg) and Toms Creek (TAMCOIIGT) in the U.S. and Kobra (Winkler) in 
Germany. 

The creative use of moving-bed (fixed-bed) gasifiers in minimum-cost IGCC systems was 
evaluated in a DOE study report (I), which predicted process capital costs as low as US$500/kW 
and a total capital requirement of about US$700/kW for nb plant installation, presenting an 
optimistic prospect for substantially reducing costs reported for first-generation advanced power 
systems. The favored system in this study was configured to include 1) a dry ash fixed-bed 
gasifier operating on air from the gas turbine compressor; 2) a combined-function fluidized bed for 
hot-gas cleanup, using zinc titanate for sulfur control and a zeolite catalyst for tar cracking; 3) a 
limestone PFBC consuming minimum fuel to serve both as a waste fuel burner and sulfur fixation 
reactor; and 4) a gas turbinelsteam turbine combined-cycle power system. The gas turbine would 
provide air to both the gasifier and the PFBC unit and would accept hot flue gas from the 
combustion. For low-moisture or predried feed coals, the exit gas temperature from a dry ash 
fixed-bed gasifier approximately matches the nominal 537°C (1000°F) operating temperature of 
the sulfur control module. The most critical design aspects of the system concern desulfurization 
and tar cracking. Replacement of the PFBC with a sulfur recovery process would not substantially 
increase the estimated plant cost, but it eliminates the capability for directly utilizing waste fuels, 
including coal fines. 

The use of LRC in a minimum-cost fixed-bed IGCC system is an opportunity that deserves 
consideration for some lignites. Ten years of experience with oxygen-blown Lurgi gasifiers at the 
Dakota Gasification Great Plains Plant in the United States has demonstrated their suitability for 
U.S. lignites (9). Principal advantages of this technology match include 1) the noncaking property 
of the coal, allowing free flow through the reactor; 2) high throughput with essentially complete 
carbon conversion; 3) low gasifier exit temperatures that eliminate concern over alkali carryover to 
the turbine; and 4) inherently high heat recovery achieved through in-process use of steam 
generated in the jacketed gasifier shell. Technical issues related to the use of dry ash fixed-bed 
gasifiers include their limited ability to use friable coals or coal fines, tar separation and recycle, 
high ammonia yields that affect turbine NO, emissions, and the need to match gas cleanup to the 
low gasifier exit temperature. 

Some of the limitations of dry ash fixed-bed gasification are remedied in the British 
GasILurgi slagging fixed-bed gasifier. This design has not been advocated for use with LRCs by 
British GasILurgi, even though extensive tests performed by DOE at the EERC have shown that 
the method was applicable to North Dakota lignite. Tests at the EERC on a 25-tpd oxygen-blown 
slagging gasifier operated on 25%-30% moisture lignite yielded 250 Btulscf gas at 350°F (10). 
The British GasILurgi gasifier has reportedly been tested in an air-blown mode operating on a 
1000°F air blast, reportedly producing 120-130 Btufscf gas at an exit temperature higher than in a 
dry ash design (1). The advantages of the British GasILurgi gasifier include the capability of using 
coal fines by injection into the high-temperature (3000°F) reaction zone, a four- to sixfold 
reduction in steam consumption, improved system efficiency both at the gasifier and at the plant 
stack (by reducing the substantial energy loss due to water vapor leaving the stack), the generation 
of a environmentally benign vitrified slag, and a lower yield of ammonia (NH,). Maintaining slag 
flow is a problem unique to the slagging design. Demonstration of IGCC based on the British 
GasILurgi gasifier is planned for the Camden Clean Coal Technology Project in the United States 
using bituminous coal. 



7.3 Phased Construction of Gasification Combined-Cycle Plants 

Phased installation of IGCC units can be financially beneficial in locations, as in the United 
States, where gas prices are currently low but future price escalation for gas is expected to outpace 
that for coal. Two subsystems of an IGCC plant, the gas turbine and the HRSG, can be used 
independently to provide peaking power and steam or heat for industry or district heating, initially 
using natural gas as the fuel. Later, these same subsystems, if properly designed, can be 
incorporated into an IGCC system to take advantage of lower coal-based fuel prices when baseload 
electrical requirements increase. Planning for phased construction provides enhanced flexibility in 
addressing load growth, fuel price and availability, environmental compliance, and financial risk. 
This flexibility, however, requires that some added cost will be incurred by installing subsystems 
that are adaptable to IGCC. Justification of incurring the additional cost depends on how a phased 
project would be developed in a specific circumstance. In Bulgaria, circumstances will differ 
depending on whether the initial application involves a peaking power unit, a district heating (or 
combined heat and power) plant, or an IPP. The following discussion drawn from EPRI sources 
applies to conversion of a gas turbine peaking unit to IGCC. 

Financial benefits of phased IGCC include 1) closer matching of forecast load growth to 
peaking and baseload capabilities, 2) leveling of capital investment to allow greater reliance on 
internal financing, and 3) reducing risks due to uncertainty in load growth rates, regulatory 
requirements, and technological advancements. 

Heavy-duty gas turbines, suitable for both simple cycle operation on natural gas and later 
conversion to coal-derived medium-Btu gas (MBG), are offered by General Electric, 
Westinghouse, SiemensIKWU and ABB CE in an overall size range from 40 to over 200 MW. 
Advanced gas turbine designs are available with firing temperatures approaching 1300°C and with 
variable air inlet guide vanes to maintain high firing temperatures at partial load operation. High 
firing and exhaust temperatures are important IGCC design considerations both for a high gas 
turbine efficiency and for an efficient steam cycle based on high steam superheat temperatures. 
Provision capability for extracting air from the gas turbine compressor for the gasifier oxygen plant 
is also desirable. Conversion of a gas turbine from natural gas to MBG firing requires at a 
minimum the replacement of the fuel gas manifold and some turbine nozzles and can additionally 
include some new blade or casing components and addition of steam injection for NO, control. 
Conversion cost can vary from under 10% to slightly over 20% of the initial gas turbine cost. 
Power output after conversion can increase by up to lo%, depending on machine selection. 

Selection of a steam cycle suitable for conversion to IGCC is linked to the gas turbine 
exhaust temperature, which could exceed 600°C (1 1 12°F) for an advanced machine. At a high 
exhaust gas temperature, favorable steam conditions for an efficient reheat steam turbine would be 
1800 psig and 950" -950°F (123 bar and 510" -5 10°C). For optimum efficiency, the HRSG should 
be designed to balance a relatively low gas-steam temperature differential measured at the 
evaporator "pinch point" against considerations of adequate turndown capability and low gas 
pressure drop. Supplemental firing in the HRSG can be used to meet infrequent load peaks if the 
steam cycle is adequately sized. The HRSG also needs to be sized to preheat boiler feedwater and 
in some cases to generate high-pressure steam for the coal gasification plant. 



Some technical limitations may apply to a phased IGCC system that would be less stringent 
in either a natural gas-fired plant or one built initially to use coal gas. Limits on the minimum 
heating value of MBG used in a gas turbine conversion would probably rule out air-blown 
gasification as an option. Ideally, the gasifier chosen would not be either a net producer or user of 
steam. Use of low-level heat may be more limited, particularly if the gasification plant is 
physically separated from the gas turbine and the HRSG. Depending on the gas turbine design 
selected, power output at low ambient temperatures may be significantly reduced for MBG firing 
compared to natural gas firing. Greater NO, control is needed when firing MBG owing to higher 
adiabatic flame temperatures compared to those of natural gas. Any mismatch of subsystems, 
including the gas or steam turbine, the HRSG, and the gasifier, could seriously compromise the 
capacity, efficiency, and turndown of the IGCC system, limiting its usefulness as a baseload 
generating unit in a grid system operating with least-cost power dispatching. In reference to coal 
properties, limitations selecting a gasifier for indigenous Bulgarian coals are discussed in the 
following sections. 

7.3.1 Hot-Gas clean in^ of Particulates 

High-efficiency cyclones can remove particulates down to 5-10 ,urn, but removal of smaller 
particles requires the use of either a barrier filter, a granular bed, an ESP, or a fabric filter. Fabric 
filters widely used at lower temperatures require substantial material development before they can 
be applied in advanced power systems. Materials that can withstand significantly higher 
temperatures have been tested at atmospheric pressure and temperatures up to about 427°C (800°F) 
(1 1). The use of ESPs is limited by sparkover and by maintenance problems of electrical 
insulation at high temperatures. Granular beds are applicable where both alkalies and particulates 
need to be removed. Ceramic barrier filters are currently the preferred choice for augmenting 
cyclones. Ceramic candle filters supplied by Westinghouse are being tested at commercial scale on 
a slipstream at the Tidd PFBC plant, and various types of ceramic barrier filters will be included in 
the IGCC plants being designed under the U.S. Clean Coal Technology program. The filtering 
capabilities of pulse-cleaned candle filters have been proved at outlet dust loadings of 3-19 ppm, 
but surface blockage by fine ash particles remains a problem, and service life has not been 
demonstrated beyond about 1300 hours. Ceramic cross-flow filters, which offer higher filtration 
efficiencies at lower pressure drop, are at an earlier stage of development and require 
improvements addressing delamination, long-term pressure drops, and service life. Certain LRCs 
that contain inorganic constituents primarily in organically associated form, which produce an 
extremely fine cohesive fly ash, will require special attention when hot-gas filtration systems are 
designed. 

Coal property impact on ceramic barrier filters and other ceramic components is related to 
the presence of alkalies, chlorides, and iron and to slag fusion and viscosity behavior (Table 7-4). 
At lower temperatures, starting at about 800°C, alkalies and chlorides accelerate corrosive 
reactions, including the oxidation of silicon carbide and silicon nitride, and promote adhesion of 
ash particles causing filter blinding. At low-to-intermediate temperatures in a reducing 
atmosphere, silicate refractories can be reduced to volatile SiO. At higher temperatures of 
incipient ash fusion (e.g., 1 100°C), a fraction of the ash is converted to a liquid phase that causes 
corrosive pitting. At higher temperatures, the corrosion and deposition properties of liquid slags 
depend primarily on low slag viscosity which promotes ion mobility and corrosive attack. 



TABLE 7-4 

Coal Property Impact on Ceramic Refractories, Filters, and Heat Exchangers 

Temperatures Low Intermediate High 

Properties Alkali content 
Chloride content 

Phase variability Iron content 
Slag viscosity 

Effects Ash adhesion Slag pitting Ion mobility 
AlkaliICl corrosion Slag deposition 
Alkali-accelerated oxidation of Slag corrosion 

Sic and SiN 
Partial reduction to volatile 

SiO 

7.3.2 Alkali-getter in^ Technolorry 

Advanced power systems based on hot-gas cleanup must address carryover of alkalies and 
chlorides. Alkalies occur primarily as fine sulfate particulates (aerosols) or surface coatings in 
combustion systems below about 1900°F, but as volatile chloride, hydroxide, or sulfide species 
under reducing conditions in gasification systems. Although important in both gasification and 
combustion, alkali "gettering" is more important in gasification. Alkali silicates form under both 
reducing and oxidizing conditions, removing alkali from the gas stream and leading to corrosion 
and deposition. Currently, no fully proven method for removing corrosive alkalies and chlorides 
from hot fuel or flue gases has been demonstrated. 

Recent reviews on alkali gettering (12, 13) indicate that alkali removals up to 99%, as 
required to meet gas turbine specifications, are possible using suitable aluminosilicate sorbents. 
Bauxite has proven effective based on physical adsorption and kaolinite and emathlite based on 
chemical fixation. The product of alkali absorption on emathlite (albite) has a melting temperature 
of 1000°C (1832°F); the favored high-temperature product formed on kaolinite, nephelite, melts at 
1560°C (2840°F); and bauxite melts at the highest temperature of 1982°C (3600°F). Design data 
addressing removal kinetics and capacity are limited. Capacities in the range of 5 % to 18 % have 
been reported. For chemical fixation, alkali diffusion through a surface product is rate-limiting. 
Overall removal efficiencies have been shown to be increased at higher inlet alkali concentrations, 
at increased sorbent-to-alkali ratios, and with reduced sorbent particle size. Alkali concentrations 
below 20 ppbw has been demonstrated in combustion tests at Argonne National Laboratory, New 
York University, and Westinghouse. In gasification, the direct reaction of alkali vapors with -- 

alurninosilicates has been suggested to be even more effective than alkali sulfate particulate 
removal from combustion gas, although HCl produced in the gasification of high-chlorine coal has 
been reported to reduce the rate of alkali uptake (13). Difficulties involved in accurately 
measuring very low alkali concentrations result in uncertainties in the interpretation of alkali I 
behavior 



7.3.3 Fuel Gas Desulfurization 

Commonly used processes for removing H2S and other acid gases from fuel gases are 
categorized in Table 7-5 (14). Commercially available cold-gas processes being considered for 
coal gasification application require cooling the gas to temperatures ranging from lower than 
-50°C to about 50°C. These processes can reduce H,S levels to 1-50 ppm. and may also remove 
other components such as ammonia, hydrogen cyanide, chlorides, organics, and volatile metals 
(e.g., alkalies). The extensive heat exchanger capacity required to cool the gas and recover heat 
for gas reheat and steam generation adds significantly to capital cost and reduces system efficiency. 
Coal properties would be expected to have minimal impact on cold processes other than the added 
capacity required for high-sulfur coal. 

Hot-gas processes for removing H,S are still under development. In-bed limestone or 
dolomite, as already discussed for fluidized-bed gasifiers, has the potential for removing 80%-95 % 
of the H,S at temperatures above 870°C (1600°F). The primary waste product is calcium sulfide, 
which must be oxidized to calcium sulfate for safe disposal. Regenerable mixed metal oxide 
systems operate well below 540°C (1000°F) and can reduce H2S levels to as low as 10 ppm, either 
used alone or as a secondary polishing step after in-bed limestone-based desulfurization (15). 

TABLE 7-5 

Fuel Gas Desulfurization 

Cold to Hot Ambient Hot 

Method Solvents and chemical 
reagents 

Mixed-metal oxides In-bed sorbents 
ZnO-F%O, Limestone 
ZnO-TiO, Dolomite 
Z n - S O W  
METC216 

Temperature 

Sulfur Removal 

Common Processes 

Problems 

Rectisol - Linde 
Selexol - Union Carbide 
Purisol - Lurgi 
MDEA - DOW 
Sulfinol - Shell 

Extensive heat exchange 

Coal Property Impact Minimal 

GE TAMCO 
EnviroPower Kellogg 
ABB Combustion Engineering 
METC 

Sorbent stability Lower H,S 
Attrition removal 
Deactivation Calcination of CaS 
Regenerability 
Limited removal of NH,, HCN, 

C1-, and volatile alkalies 

Chloride degradation Excessive waste at 
high sulfur levels 



Metal oxide sorbents experience some deactivation and attrition during use and regeneration 
depending on their formulation and the design (fixed or fluidized bed) of the contacting reactor. 
Regeneration with steam and air yields a concentrated stream of SO, which can be converted to 
elemental sulfur or sulfuric acid. Neither in-bed limestone or metal oxides remove ammonia, 
chloride, or other trace contaminants. Coal chlorides can react with metal oxides to accelerate 
degradation. High limestone or metal oxide usage could be a significant cost factor for high-sulfur 
coals. 

7.3.4 Solid Residuals - Reuse or Disposal 

New processes pose unknown requirements for reuse or disposal. Combustion fly ash use 
currently accounts for almost all coal residual, and various applications include cement admixture; 
road base stabilization; grouting around pipes, culverts, and oil well casings; and soil or waste 
stabilization. Potential applications involve the production of a variety of manufactured structural 
products. Residuals from U.S. lignites have been extensively characterized at the EERC in studies 
on fly ash, bottom ash, slag, FGD waste, and gasifier ash (16, includes a compendium of key 
references). In the United States, ASTM protocols are adequate to characterize engineering 
properties, but more complete chemical and physical analyses are needed for environmental 
characterization. One such area is that of leaching tests under conditions approximating the 
chemistry of the disposal setting. Natural pH buffering and attenuation have been shown to 
provide some protection against leaching contamination in some disposal settings. Arsenic and 
selenium are effectively attenuated by pH buffering in clayey soils; lead and cadmium are 
precipitated as carbonates and barium as sulfate. Molybdenum, sodium, and residual sulfate 
remain mobile. The disposal setting should be above the groundwater table and protected from 
hydraulic recharge. The ash itself can contribute to good disposal design, where, for example, 
permeabilityis reduced by the cementitious properties of ash or FGD waste. The starting point in 
managing a new type of residual from LRC-fired power systems is to be able to predict, in 
advance, what its behavior will be in reuse or disposal settings, based on a fundamental scientific 
understanding of the material, the setting, and their interactions. 

7.4 Computed Effects of Bulgarian Lignite Properties in Advanced Power Systems 

As a part of this study, material and energy balances were calculated to determine the 
sensitivity of PFBC and gasifier performance to changes in coal moisture, ash, and sulfur contents. 
Computed results are presented in detail in Appendix C and D. These calculations were performed 
for generic designs, and some of the conditions calculated may be outside of the range of economic 
operation as determined by vendors. The computed results can be compared with information 
obtained from vendors to determine the limits of applicability of various technologies. 

Effects of coal moisture, ash, and sulfur were calculated for PFBC and several gasifiers, 
including fixed-bed, fluidized-bed, and entrained-flow designs. All calculations were made by 
varying the coal analysis in reference to a baseline case analysis for Maritsa East lignite containing 
57 % moisture, 35 % ash db (dry basis), and 5.9 % sulfur maf (moisture- and ash-free). Base-case 
gasifier operating conditions and product gas compositions were adapted from literature sources (9, 
14) and EERC equilibrium calculations. Hydrogen, carbon, oxygen, nitrogen, sulfur, and ash 



were mass-balanced in all calculations along with calcium sorbent and waste products in the case of 
PFBC. Operating conditions for PFBC were adapted from the Tidd Clean Coal Technology 
project (17), using a gas turbine inlet at 860°C (1580°F) and 175 psia (1 1.9 atm) and steam 
conditions of 538°C (1000°F) and 2000 psi (136 atrn). 

7.4.1 The Effect of High Coal Moisture. Ash. and Sulfur in a PFBC 

The calculated effect of increasing coal moisture (Figure 7-3) over a range of 5 % to 64 %, 
including pasting water for slurry feed at higher moisture levels, was to increase the percentage of 
system power generated by the gas turbine from 27% to 59% while reducing in-bed heat transfer 
from 62 % to 21 % of coal LHV, and total steam generation both in-bed and in the HRSG from 
75 % to 38 % of coal LHV. Generating efficiency (LHV) drops from 38.7 % at 5 % moisture to 
34.5% at 64%, indicating that higher stack losses due to excess moisture are only partially 
compensated by the beneficial shift in energy flow to the gas turbine. At high coal moisture, the 
generating efficiency based on gas turbine power alone approaches 20%, while still, providing 38% 
of the coal LHV as steam that can be used for heat or process applications. This result suggests 
that the use of high-moisture coal in a PFBC system operating with a gas turbine alone (no steam 
turbine) could be a low-capital-cost approach for IPP or combined heat and power (CHP) projects. 

Heat loss in the PFBC bed drain increases nearly linearly with coal ash content to about 
2.2% of coal LHV at 40% db ash content (Figure 7-4). The amount of in-bed heat transfer as a 
percentage of coal LHV was shown to be further reduced by high coal ash levels. Bed drain loss 
was only slightly affected by coal sulfur content (0.3% loss at 6% coal sulfur and 3: 1 Ca:S), 
because of the nearly neutral enthalpy balance for limestone addition under conditions of a high 
partial pressure of CO,, where the unreacted reagent remains in the form of calcium carbonate 
rather than calcium oxide. In a PFBC, nearly full benefit is obtained from the heating value in 
coal sulfur, whereas in IGCC, where hydrogen sulfide is removed, most of this heating value is 
either lost or recovered as low-grade heat. These calculations support the use of PFBC for East 
Central European coal, even at extremely high levels of moisture, ash, and sulfur. Operational and 
turndown capabilities at these high concentration levels will need to be evaluated with vendors of 
PFBC systems. 

7.4.2 SQ? Removals Required to Meet SO, Emission Standards 

SO, removals required to meet the Bulgarian emission standard of 650 mg/scm for new 
power plants larger than 50 MW are shown in Figure 7-5. The required removals range from 72% 
to 95 % for coals containing of 1 %-6% coal sulfur. The 95 % removal level is near the upper limit 
of PFBC sulfur removal capability. 

The applicability limits for IGCC technology to East Central European coals are determined 
primarily in the gasifier. Criteria that determine the applicability of different types of gasifiers 
may concern 1) achieving a minimum calorific value in the gas of approximately 100 Btufscf or 
higher, 2) minimizing oxygen demand to limit the cost of the oxygen plant, and 3) maintaining 
operable temperature levels in the gasifier or in the exiting gas. 



Figure 7-3. Computed effect of moisture in coal feed on PFBC performance. 
Calculated for Maritsa East Bulgarian lignite. 
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Figure 7-4. Computed effect of coal ash content on heat loss and in-bed heat transfer. 
Calculated for PFBC of Maritsa East lignite. 
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Figure 7-5. SO, removals meeting Bulgarian standards for new plants larger than 50 MW. 

7.4.3.1 Moisture 

For a dry-feed, oxygen-blown, entrained-flow gasifier, computed effects of coal moisture 
(Figure 7-6) indicate that the LHV of the raw product gas without H,S is reduced below 
100 Btulscf at moisture levels above 45 %. Oxygen demand is increased by about 50%, from 0.44 
to 0.67 mol O,/mol C, with coal moisture between 5 % and 45 %. Since it is more economical to 
dry coal using low-grade heat outside of the gasifier than to supply additional oxygen, the 
economic range on coal moisture may be on the order of 5 % to 10%. 

The adverse effect of coal moisture tends to be greatest in slurry-feed entrained-flow 
gasifiers because of the excess water added in preparing the slurry. Calculations for two slurry 
feed cases corresponding to conditions approximately those in Texaco- and Destec-type gasifiers, 
respectively, are shown in Figures 7-7 and 7-8. The effect of the additional slurrying moisture in 
the first of these cases is to lower the heating value of the raw gas over the range of coal moisture 
by 40-90 Btufscf, causing the LHV to drop below 100 Btu/scf at a coal moisture level of about 
28 % . The oxygen feed requirements are correspondingly increased by 20 96-30 % . In the two- 
stage slurry-feed case (Figure 7-8), the effect of the added slurry water is considerably less. The 
need for a low coal-moisture-content feed in slurry-feed gasifiers cannot be satisfied by 
conventional coal drying since the dried product reabsorbs moisture when slurried. Hydrothermal 
drying expels coal moisture irreversibly and would allow the Bulgarian lignite to meet the energy 
and material balance requirements of slurry-fed gasifiers. 
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Figure 7-6. Computed effect of coal moisture in a dry-feed, entrained-flow gasifier calculated for 
Maritsa East Bulgarian lignite at 137 1 "C (2500°F) exit temperature. 
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Figure 7-7. Computed effect of coal moisture in a single-stage, slurry-feed, entrained-flow 
gasifier (Texaco type). Calculated for Maritsa East Bulgarian lignite at 1371 "C 
(2500°F) exit temperature. 
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Figure 7-8. Computed effect of coal moisture in a two-stage, slurry-feed, entrained-flow gasifier 
(Destec type). Calculated for Maritsa East Bulgarian lignite at 1038°C (1900°F) exit 
temperature. 

In an oxygen-blown fluidized-bed gasifier, the sensitivity to coal moisture content 
(Figure 7-9) is reduced compared to the entrained-flow case, and the raw gas LHV drops below 
100 Btutscf at only coal moisture contents above 50%. Oxygen demand (mol 0,Imol C), which is 
lower overall than for the entrained-flow case, increases only slightly from 0.32 to 0.36 between 
0% and 20% coal moisture and increases more steeply thereafter to 0.67 at 60% coal moisture. 
Drying to 20% coal moisture may represent an economic optimum for this technology. The steam 
requirement of the gasifier is theoretically reduced to zero at 25 % coal moisture. In an air-blown 
fluidized-bed gasifier (Figure 7-10), coal moisture is limited to about 18% to achieve a minimum 
acceptable gas LHV of 100 Btulscf. 

The limiting effect of coal moisture in a Lurgi-type dry ash moving-bed gasifier is 
determined by the exit gas temperature (Figure 7-1 l), which drops below a practical lower limit of 
about 200°C at 36 % coal moisture. The Dakota Gasification Great Plains Plant operating on U.S. 
North Dakota lignite was designed for coal at 34% moisture. Over the entire range of coal 
moisture, the oxygen and steam requirements remain fixed, and the gas heating value is reduced 
only by the diluting effect of the moisture in the raw product gas. This type of gasification 
requires a high stream rate (steam per carbon), computed to be 163 % for Maritsa East lignite. The 
stable operating characteristics of a moving-bed gasifier make it more forgiving of variations in 
coal quality and less sensitive to turndown. Applicability to lignite depends on the adequate 
strength of coal particles to support the moving bed, or for friable coal, on the feasibility of 
producing a strong briquette. 
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Figure 7-1 1. Computed effect of coal moisture in a dry-ash moving-bed gasifier (Lurgi type). 
Calculated for Maritsa East Bulgarian lignite at 35 % ash content (dry basis). 

A slagging moving-bed gasifier of the type developed by British Gas-Lurgi operates at a 
slightly higher oxygen rate and a much lower steam rate (about one-sixth) compared to a dry ash 
moving-bed gasifier. The raw gas LHV is higher from the slagging gasifier because of a lower 
dilution with steam (Figure 7-12). However, the gasifier exit temperature is more sensitive to coal 
moisture in the slagging design because of the reduced mass flow available for drying, absent the 
excess steam. Calculations predict that the lower limit of about 200°C exit temperature is reached 
at 25% coal moisture (Figure 7-12), which is confirmed by data from a 1-tonlhr pilot slagging 
gasifier operated at the EERC between 1975 and 1984. 

7.4.3.2 Ash 

Sensitivity to coal ash content based on heat loss in ash alone is less critical than that for coal 
moisture. In Figure 7-13, the heat loss in ash or slag at 40% ash content is calculated to be 1.1 %, 
2.3 % , and 3 -2 % for fured-bed, fluidized-bed, and entrained-flow gasifiers, respectively, reflecting 
differences in ashlslag discharge temperatures. These losses may be reduced if heat is recovered. 
However, the effect of ash content on the mass and energy balances also depends on the associated 
moisture content, as shown in Figure 7-14, for an entrained-flow gasifier. At 57% coal moisture, 
the raw gas LHV is reduced from 102 to 43 BtuJscf over the range of 0% to 40% ash, while 
oxygen requirement is increased by 3 1 %. This adverse impact of ash is attributed to the moisture 
associated with the added ash. By comparison, the effect of ash at 0% moisture is slight; the gas 
heating value is reduced from 291 to 279 Btulscf, and the oxygen requirement increases by only 
7%. from 0.40 to 0.43 mol O,/mol C. 
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Figure 7-12. Computed effect of coal moisture in a slagging moving-bed gasifier (British Gas- 
Lurgi type). Calculated for Maritsa East Bulgarian lignite at 35 % ash content (dry 
basis). 
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Figure 7-13. Gasifier heat loss in ash. 
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Figure 7-14. Computed effect of coal ash content in a dry-feed entrained-flow gasifier. 
Calculated for Maritsa East Bulgarian lignite at 1371 "C (2500°F) exit temperature. 
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A more serious effect of high ash content may be experienced in a fluidized-bed gasifier if 
the gasification carbon loss increases along with ash content, as reported by Gavor and others (1 8). 
Based on experimental data for five Czech coals, the percentage of unburned carbon in the ash 
solids increased linearly with coal ash contents, as shown in Figure 7-15, from 10% carbon in ash 
solids at 5% ash to 30% carbon in ash solids at 23 % ash. Based on this linear correlation, the heat 
loss in ash plus unconverted carbon (including the heating value in the lost carbon) was computed 
to increase from zero to 44 % of the coal LHV at a coal ash content between 0% and 35 % . Gavor 
reported a 36% heat loss at 23 % coal ash content calculated for a slightly different set of 
conditions (18). The gasification of high-ash coal would not be feasible under these circumstances. 
Compensating operational changes in gasification temperatures and recycle rates may be capable of 
offsetting these unacceptably high carbon losses. 

7.4.3.3 Sulfur 
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The calculated concentration of H,S in the moist raw product gas increases from 0 to 
32,000 ppmv between 0% and 10% daf sulfur for an entrained-flow gasifier fueled on lignite dried 
to 10% moisture content (Figure 7- 16). The heating value of this H,S, which is substantially lost 
in gas cleaning, ranges upward toward 8% of the raw gas LHV. Higher percentages of gas LHV 
are lost under conditions requiring higher oxygen rates (e.g., high moisture) because of the 
reduced heating value of the gas produced. 
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Figure 7-15. Heat loss in ash and unconverted carbon in a fluidized-bed gasifier, based on a 
correlation of carbon loss with ash content (1  8). 
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Figure 7-16. Computed effect of coal sulfur content in a dry-feed entrained-flow gasifier. 
Calculated for Maritsa East Bulgarian lignite at 10% moisture, 35% ash, and 
137 1 "C (2500°F) exit gas temperature. 



7.5 Information on Vendor Technologies 

For the purpose of making assessments of particular advanced power technologies as 
informative and objective as possible, requests were directed to leading vendors to obtain their 
evaluation of their technologies in reference to properties of the Maritsa East and Sofia lignites. 
The names and addresses of vendors contacted are indicated in Appendix E.' The request to 
vendors advised them that the Bulgarian power industry was expected to pursue future retrofit, 
repowering, and new plant projects for coal-based power generation to address problems of 
environmental control and future electrical supply. Bulgaria's installed generating capacity of 
about 12,000 MW (52 % thermal, 32 % nuclear, and 16 % hydro) has recently been shown to be 
inadequate to meet peak demand because of the low operating availability of coal-fired and nuclear 
plants and reduced hydropower generation. Some older nuclear units are scheduled for closure 
because of safety concerns. The country's only major indigenous fuel resource that can be 
economically recovered is low-grade lignite characterized by very high levels of moisture, ash, and 
sulfur. Bulgaria is committed to long-range reduction of transboundary air pollution and has 
adopted strict emission regulations. Bulgaria's National Electric Company is planning projects to 
rehabilitate older coal-fired unites, retrofit FGD, and install additional capacity for near-term peak 
load and long-term baseload requirements. 

Design coal analyses, emission parameters, ash analyses, and ash fusion properties were 
provided to vendors for two lignites from the Sofia and Maritsa regions of Bulgaria (Tables 2-1 
and 2-4). Maritsa lignite was indicated to be the larger and more important resource. Both of the 
design coals contain very high levels of moisture (49 % and 56 % ), sulfur (4.6 % and 5.9 % daf), 
and ash (39% and 34% dry basis). Required sulfur control levels were specified to be between 
70% and 95 % under emission standards applying, respectively, to old and new plants. Ash and 
particulate control levels of 99.7% to 99.9% are required when measured in reference to total ash 
content. NO, emission standards were indicated to be in the range of 0.45 % to 1.0 IbIMMBtu. 

The ash analysis for Maritsa lignite is characterized by high percentages of silica and 
alumina, which increase as the ash content increases (Figure 7-17). Iron oxide and the principal 
alkaline earth constituents CaO and MgO decrease as the ash content increases. Total alkalies 
(Na,O plus K,O) are below 1 % . 

Measured ash fusion temperatures for Maritsa lignite (Table 2- 1) indicate that melting starts 
as low as 1050°C (1922" F) in a reducing atmosphere and 1220°C (2228" F) in an oxidizing 
amosphere. The median ash analysis containing 24% basic constituents is on the acid side of the 
eutectic minimum in fusion temperature. In Figure 7-18, the addition of sand (SiO,) or kaolinite is 
shown to increase the computed American Society for Testing and Materials (ASTM) softening 
temperature of the median ash by about 93°C (200°F), based on a literature correlation with basic 
constituents and dolomite ratio. The addition of iron oxide (Fe203) is shown to reduce the 
softening temperature by about 93°C (200°F), whereas CaO addition first reduces it by 66°C 
(1 50" F) and then increases it by about 149 "C (300" F) above the minimum level. 
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Figure 7-17. Change in ash constituents with increase in ash content in Maritsa East Bulgarian 
lignite. Taken from a file report on "TOTEMA's Understanding of Some Problems 
of State of the Arts in Bulgarian Power Production and Low-Grade Coal Utilization" 
(19). 
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The median ash analysis for Sofia lignite is basic (58% basic constituents), and fusion 
temperatures vary quite substantially owing to the wide range of variation in calcium content in ash 
(Table 2-4). Addition of CaO to the median ash analysis is predicted to increase the softening 
temperature by as much as 600°F (222"C), whereas addition of sand, kaolinite, or iron oxide 
reduce it by about 100°F (56°C) (Figure 7- 19). 

Data on the pyrolysis products that would be produced from these lignites under gasification 
conditions are not available. An estimate of pyrolysis yields for a moving-bed gasifier is provided 
by data on the Great Plains Synfuels Plant fueled on U.S. North Dakota lignite, which produces 
5.7 % tar oil, 1.6 % crude phenol, and 0.8 % naphtha in relation to maf coal feed. Pyrolysis 
products from different U;S. lignites have been shown to vary considerably in quantity and quality 
under similar pyrolysislgasification conditions, and different gasification methods produce entirely 
different condensable yields ranging from the substantial tar yield from a moving-bed gasifier to 
the insignificant yield from a high-temperature entrained-flow gasifier. 

. . 
7.5.2 A~~lication Scenarios 

Gasification projects in Bulgaria are believed to be most likely in the last stage of a phased 
scenario starting with installation of natural gas-fired simple-cycle turbines for peaking capacity 
and followed by conversion to IGCC when the need for baseload capacity increases and the price 
of natural gas escalates. Modular unit capacities are expected to involve 160-MW gas turbines and 
related steam turbine, gasification, and gas-cleaning capacities. For the purpose of cost estimation, 
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Figure 7-19. Predicted changes in ASTM ash fusion temperatures with addition of basic and acid 
components to the median ash analysis for Sofia, Bulgaria, lignite. Correlation 
equation 76 (20) is based on basic content and dolomite ratio. 



a capacity factor of 70% should be assumed for baseload operation. The gasification facilities 
would be expected to be installed after the year 2000, when simplified, IGCC systems based on 
hot-gas cleaning methods have been demonstrated. 

Repowering with PFBC is seen as a possible solution for aging units at the Maritsa East 1 
power station, which was built during a period between 1958 and 1963.. The current station 
consists of six natural circulation-drum steam boilers with four extraction turbines. These units 
provide process steam for an adjacent briquetting plant and hot water for the centralized heating 
systems of a local town, greenhouse, and the power and briquetting plants. A total of 200 MW of 
electricity, 990,000 lblhour of steam, and 160 MMBtulhr of hot water is produced from these 
boilers. There are also two double condensing units built for the sole purpose of producing 
electricity, with 150 MWe each. The combined total electric generation is 500 MW. Studies 
performed by Overseas Bechtel, Inc., and the Bulgarian firms TOTEMA and Energoproekt have 
determined that these boilers will soon reach the end of their useful life. The boiler tube metal is 
nearly exhausted, and operating these boilers requires unjustifiably high operating expenses. The 
overall efficiency of the existing boilers is very low. Emissions of particulates, nitrogen oxides, 
and sulfur dioxide are all above the new limits. Based on these factors, rehabilitation of the 
existing boilers was ruled out. Replacement of the boilers with PFBC is a potential option for this 
plant. 

A primary purpose of this preliminary evaluation was to answer critical questions 
concerning the particular gasification technology(s) and gas-cleaning methods that would best fit 
the properties of the design coals, including their very high levels of moisture, ash, and sulfur. 
Particular questions addressed to vendors of gasification and IGCC systems included the following: 

Preparation requirements for the feed coal, including sizing, predrying, slurrying, and/or 
possible cleaning. 

Ability to utilize coal fines and to tolerate size degradation of coal particles in the gasifier. 

Problems anticipated in feeding the design coals into the pressurized gasifier 

Problems anticipated with ash or slag in the gasifier, in radiant or convective heat 
exchange sections, or in ashlslag removal systems. 

Capabilities for converting, separating, andlor recycling primary tar/oil products and 
unreacted char without low-temperature quenching. 

Capabilities for hot-gas desulfurization, either by in-gasifier sorbent, external sorbent 
system, or both. Problems associated with the very high sulfur content of the design 
coals. 

Capabilities for hot-gas particulate removal to levels meeting gas turbine requirements and 
emission regulations. Problems associated with very high ash content. 



The level of ammonia production expected from the gasifier and the provision for 
reducing NO, emissions from the coal-gas-fired turbine. 

Properties of solid wastes, including capabilities for producing nonleachable wastes or 
salable products. 

Design and performance data on gasification and IGCC systems. Information was 
requested on the design features of the gasifier, gas cleaning, heat transfer, and power 
equipment that would be offered for the design coal. Sources of performance data 
requested included reference citations, copies of published reports, and unpublished data. 
Actual test results for high-moisture and high-ash coals resembling Bulgarian lignite were 
indicated to be extremely useful for the evaluation, if available. Performance estimates 
were requested on the following parameters: 

- Steam and oxidant (air or oxygen) requirements 
- Operating pressure 
- Both maximum and exit temperatures 
- Carbon conversion efficiency 
- Composition and heating value of the product gas 
- Gas cleanup levels attainable for tar, sulfur, and particulates 
- Efficiencies for gasification (coal to gas) and for the IGCC system (coal to electricity) 

Preliminary cost estimates. Preliminary estimates of capital and operating costs were 
requested to the extent available on the following: 1) the gasification and hot-gas cleaning 
equipment that would be offered for the design coal, 2) a fully integrated IGCC plant for 
baseload operation fueled on coal from the time of commissioning, and 3) a retrofit 
application where a natural gas-fired turbine is converted to IGCC. Summary cost data 
for plants currently under design or construction were indicated to be extremely useful for 
the evaluation. Where possible, costs attributable to the properties of the design coals 
were requested to be identified. 

The information requested from PFBC vendors was their approach to replacing the existing 
system at Maritsa East 1 with a PFBC system that would generate the same amounts of electricity 
(500 MWe), steam (990,000 lblhr), and hot water (160 MMBtu/hr). This would include the 
number of individual combustors, the number and type of turbines, and how the combustors and 
turbines would be manifolded together. 

Information on the design features of the PFBC, gas cleaning, and power equipment that 
would be offered for the design coal was also requested. Performance estimates were requested to 
the extent that they were available on the following parameters, taking into account the properties 
of the feed coal: 

Operating pressure 

Energy and material balance 

Coal feed requirements (quantity and size) 



Ash generation (quantity and split) 

Limestone feed requirements, assuming a 98 % pure stone (both quantity and size) 

Emission levels for SO,, NO,, and particulates 

Efficiencies for combustion (boiler efficiency) and for the integrated system (coal to 
electricity, steam, and water - overall heat rate) 

Preliminary estimates of capital and operating costs to the extent that they are available on 
the following: 1) the PFBC and turbine sets that would be offered for the design coal and 
2) a fully integrated PFBC plant for baseload operation, including the subsidiary plants. 

7.5.4 IGCC Svstems Based on Entrained-Flow Gasifiers 

Requests for technical information were sent to Shell, Destec, and Texaco. The formal 
response received from Shell is contained in the vendor appendix. No written response was 
obtained from Destec and Texaco, but some general information was provided in telephone 
conversations. 

7.5.4.1 The Shell Gasifier System 

The Shell gasification and cold-gas-cleaning system described in the vendor appendix 
consists of a dry-feed, oxygen-blown, entrained-flow gasifier followed by a syngas cooler, wet 
scrubber, and cold-acid gas absorption unit (the Sulfinol process was used at Shell's Deer Park, 
Texas, demonstration plant). This configuration was demonstrated on Texas lignite at a capacity of 
400 short tonslday where it achieved a carbon conversion of 99.77 %, a cold-gas efficiency of 
80.3% (HHV), and a total energy recovery (gas plus steam) of 95.7%. Sulfur control levels of 
99% can be achieved with cold-gas absorption, with conversion to salable sulfur in a Claus-type 
unit. Shell's estimate of capital cost for a 2 x 400-MWe IGCC plant is US$1500 to US$1600/kW; 
projected efficiencies are 42 % to 46 % (LHV) depending on coal quality and turbine efficiency. 
Hot-gas cleanup is estimated to improve efficiency by 1.3 percentage points, with no estimate 
given for the expected reduction in capital cost. A 250-MWe IGCC plant based on Shell 
technology has been built by Demkolec in the Netherlands and is now starting its demonstration 
period. 

Shell provided a separate set of material balances for Maritsa East and Sophia lignites 
covering four areas: 

Coal milling and drying 
Gasification 
Wet scrubbing 
Gas and water treatment 

Discussion here is based on the results presented for the Maritsa East lignite. Lignite is first 
pulverized and dried to 5% moisture and then fed to the gasifier at a O,/C mole ratio of 0.283 
(lower than the 0.44 ratio calculated by the EERC for Maritsa East lignite or the 0.42 value given 



for Texas lignite in reference) (21). Raw product gas at 110 bar is cooled to 235°C in the syngas 
steam generator and then wet-scrubbed to 40°C. The cold-gas efficiency is calculated to be 89.8% 
(LHV) and 73.1 % (HHV), compared to 85.4% (LHV) and 70.9% (HHV). 

The principal advantage of the Shell gasifier for Bulgarian lignite is the dry coal feed, which 
allows thermally dried coal to be fed without reabsorbing water in a slurry preparation step. This 
feature is shared by the Prenflow entrained-flow gasifier that will be used at a 335-MWe plant 
planned at Puertollano, Spain. With cold-gas cleaning, these technologies provide a medium-Btu 
gas that would permit conversion from natural gas to coal gas with reasonable modifications. The 
high gasifier exit temperature of 1371 "C (2500°F) makes the technology less attractive for 
simplified IGCC designs based on hot-gas cleanup because of the substantial gas cooling required 
to match a hot metal oxide sulfur removal system. 

7.5.4.2 The Texaco Gasifier System 

The Texaco design is an oxygen-blown, single-stage, entrained-flow gasifier that uses a coal 
slurry feed containing approximately 25 % pasting water. Raw product gas leaving the gasifier at 
1371 "C (2500°F) is cooled using either a fuel heat recovery system or is water-quenched followed 
by partial heat recovery. Capital costs for a 250-MWe Texaco IGCC plant operating on U.S. 
bituminous coal and using a cold-acid gas removal process are estimated to be US$1446/kW with 
fuel heat recovery and US$1300/kW with a water quench (see vendor appendix) (22). Plant 
efficiency is reduced when using the quench option. Texaco gasifiers have been demonstrated to 
operate successfully on a wide range of carbonaceous fuels, including bituminous and 
subbituminous coal, heavy oil and refinery residues, petroleum coke, mixed-plastic wastes, and 
sewage sludge. 

The high moisture content of lignite has precluded its use in Texaco gasifiers owing to the 
substantial increase in oxygen required to evaporate excess coal moisture in the slurry feed. Based 
on the heat and material balance calculations for a Texas-type gasifier in Appendix D, the oxygen 
requirement expressed as moles O,/C is increased by 4 1 % as coal moisture increases from 10 % to 
40 %. The gas heating value is correspondingly reduced from 229 to 156 Btulscf for dry product 
gas-and from 159 to 63 Btulscf for moisture product gas. 

Predrying the lignite feed would be far more economical than increasing oxygen to the 
gasifier if moisture were not reabsorbed when slurrying the coal. Unfortunately, the equilibrium 
coal moisture content (as a measure of the intrinsic moisture in the slurried coal particulate) is only 
slightly reduced by gas drying in a rotolouvre or entrainment-type dryer, from 33 % to 29 % 
moisture content for a U.S. lignite and from 26 % to 22 % for U. S. subbituminous coal. For this 
reason, conventional gas-drying methods are not of practical use in this application. 

Predrying in steam or in hot water has been shown to reject water irreversibly to produce a 
concentrated coal slurry with up to 63 % dry solids content. Nonevaporative thermal dewatering 
was evaluated for use with a Texaco gasifier in an EPRI-sponsored study completed in 1986 (23). 
The study confirmed that hot-water drying produced a concentrated pumpable slurry with a solids 
loading and viscosity suitable for feed to a Texaco gasifier. Subsequent studies performed 
independently by the EERC and Texaco have shown a broad technical applicability of this 
approach for a wide range of high-moisture coals, including brown coals containing up to 60% 
moisture, and for a combination of coal and sewage sludge or municipal waste. 



The relative cost of hot-water drying is a recognized barrier to be overcome if this 
technology is to be adopted in IGCC applications. The added capital would be substantially 
reduced by integrating the drying process into the design of the overall power system. Preliminary 
cost calculations for modifying the existing slurry preparation system for a Texaco gasifier 
indicates an incremental capital cost of US$152 to US$176/kW for a 250-MW IGCC plant, 
depending on the method used to reject water and concentrate the slurry'(24). 

7.5.4.3 The Destec Gasifier System 

No written response was received for the Destec gasifier. Mr. Rolf Mauer, Manager for 
Coal Gasification, indicated in a telephone conversation that the Destec gasifier can be used for 
high-moisture coal feeds, but that the high ash content of the Bulgarian lignites (along with high 
moisture content) might pose a problem. The assessment of the EERC is that this design is 
somewhat more readily adaptable to Bulgarian lignites than the Texaco gasifier design, but that the 
Destec gasifier would still require hydrothermal pretreatment of the feed coal to perform 
satisfactorily. 

The Destec gasifier system is described in the vendor appendix, taken from the EPRI Coal 
Gasification Guidebook (21). The design is a two-stage, slurry feed, entrained-flow gasifier. The 
slurry is prepared with a minimum of pasting water and heated to provide some dewatering of coal 
particles and reduction in slurry viscosity. About three-fourths of the slurry feed is fed to the first 
stage operating at 1316" to 1427°C (2400°to 2600°F). The remaining slurry is injected into the 
second stage, from which the raw product gas exits at 1038°C (1900°F). The Destec IGCC 
system used for the Wabash River Clean Coal Demonstration Project (3) matches the gasifier with 
a heat recovery gas cooler, particulate removal, cold-gas sulfur removal, and fuel gas reheat. 

The two-stage design of the Destec gasifier reduces heat recovery requirements and increases 
flexibility for using higher-moisture coals without hydrothermal drying, as evidenced by operation 
of the Plaquemine, Louisiana, gasification facility on U. S . Wyoming subbituminous coal. 
However, Destec has projected (13) a 27% increase in oxygen demand (mol O,/mol C) for Texas 
lignite containing 35 % moisture compared to an Appalachian bituminous coal with 55 % moisture 
(see vendor appendix). 

For Maritsa East lignite, the computed effect is an increase of 39% in oxygen demand and a 
decrease in dry-gas heating value from 229 to 184 Btulscf between 10% and 40% coal moisture. 
Hydrothermal drying of the coal feed is warranted for the reasons given previously for the Texaco 
gasifier. The preliminary estimates of incremental capital cost for hot-water drying for a 250-MW 
IGCC plant are the same as for the Texaco scenario, in the range of US$152 to US$176/kW (24). 

7.5.5 IGCC Systems Based on Fluidized-Bed Gasifiers 

Requests for technical information were sent to the Institute of Gas Technology (IGT), 
TampellaIU-Gas, Kellogg (KRW and the Kellogg transport reactor), Uhde GmbH (high- 
temperature Winkler), and ABB CE. The responses received from these four vendors of fluidized- 
bed gasifiers are contained in the vendor appendices. 



7.5.5.1 The TampellafU-Gas Gasification Process 

The U-Gas gasification process was developed by IGT in the United States and licensed to 
Tampella Corporation in Finland for commercialization in U.S. and European markets. The U- 
Gas process will be used for the 190-MWe Tomo Creek Clean Coal Demonstration IGCC plant in 
the United States, and eight U-Gas gasifiers have been installed in China to,supply fuel gas for 
coke overseas. This process is described in the vendor appendix. 

The U-Gas process feeds dried and crushed coal (25 % moisture sized to % in. X 0) through 
a lock hopper to a PFB gasifier that incorporates a hot ash-agglomerating zone. Normal operating 
conditions are 871 "C (1600°F) and 290 psig (20 atm). Operation has been demonstrated with both 
oxygen and air. No steam is required for lignite, owing to the moisture remaining in the dried 
lignite feed. Ash agglomerates are discharged in an essentially nonleachable vitrified form through 
a countercurrent heat exchanger where they are cooled to 469°C (1200 OF) with increasing gas. 
The high-temperature agglomerating zone provides a higher carbon conversion (e.g., 95 %) with 
lower external char recycle than does conventional fluidized-bed gasification. 

The response from IGT addresses all of the specific questions listed in the EERC inquiry. 
No special problems are identified in using Bulgarian lignites. Lignite feed dried to 25 % to 35 % 
moisture can contain up to 10 % fine coal (minus 100 mesh or 149 pm). Provisions for dry coal 
feed, char recycle, and ash discharge were deemed satisfactory. Hot-gas cleanup for particulates 
and sulfur have been investigated by IGT and Tampella, including limestone addition for in-bed 
sulfur removal. 

The performance of the U-Gas gasifier on Maritsa East lignite in terms of the gas heating 
value calculated by IGT in their response (1 11 Btulscf raw product gas from air-blown gasification 
of 25 % moisture lignite) is somewhat better than that predicted by the generic fluidized-bed 
gasifier calculation presented previously in Figure 7-10 and Appendix D (92 Btulscf). The 
difference is attributable to higher carbon conversion (95 % to 90%), higher air temperature, 
427" vs. 149°C (800" vs. 300°F), and lower exit temperatures for product gas and ash, 87 1 " and 
649°C vs. 927" and 927°C (1600" and 1200°F vs. 1700" and 1700°F). EERC calculations 
confirm this predicted improvement, indicating a potential for superior performance using the U- 
Gas design conditions. 

7.5.5.2 Kellogg Gasification Processes 

Kellogg offers two gasification technologies: the KRW process and a new transport reactor 
process that is currently under development. The Kellogg response contained in the vendor 
appendix limits its evaluation to the transport reactor process on the premise that its ability to 
retain almost all of the coal energy in the product gas (absent the use of a waterwall design) 
provides the best hope of gasifying (or combusting) run of mine (ROM) lignite at 57% moisture 
content. 

The transport reactor design feeds pulverized coal into a high-velocity fluidized bed 
operating at a velocity of 20 to 40 ftlsec (6.1 to 12.2 dsec) .  High carbon conversion is achieved 
by recycling a large flow of solids back into the reactor. The reactor operates at 927" to 1038°C 
(1 700" to 1900" F) in gasification mode and 8 16" to 87 1 "C (1 500" to 1600°F) in combustion 



mode. The transport reactor concept is adapted from the proven design used for fluidized-bed 
catalytic cracking units used in the petroleum industry. Development for coal conversion has been 
confimed at a scale of 2.4 tonslday at the EERC, and construction has started on a 38-tonlday 
pilot unit at the Wilsonville Power Systems Development Facility. 

Kellogg's gasification calculations on the transport reactor process indicated that oxygen- 
blown gasification of ROM lignite would produce a raw product gas with a heating value of only 
70 Btulscf (confirmed by EERC calculations), which is below the lower limit for gas turbine 
combustion. Alternative calculations for air-blown gasification at 10 % and 20 % moisture 
indicated similarly low heating values (78 and 75 Btulscf), which are lower than the values 
calculated by IGT and the EERC for air-blown fluidized-bed gasification (see 7.5.5.1 above). 
Taken together, these calculated results indicate that gasification of the ROM lignite is not 
practical, whereas gasification of dried lignite should be acceptable using either air or oxygen. The 
transport reactor design, owing to its use of pulverized coal (fines are not a problem) and its simple 
design, may offer future advantages in designing IGCC systems at minimum cost. 

Additional calculations presented by Kellogg (see vendor appendix), for a combustion mode 
of operation, are discussed under PFBC systems (7.5.7). This evaluation includes a Kellogg 
recommendation for phased conversion of a natural gas-fired turbine to a combination of 
pressurized combustion in the transport reactor and supplemental natural gas firing in an external 
"silo" combustion system. 

The KRW gasifier, which was not covered in the Kellogg response, is similar to the 
TampellaIU-Gas process discussed previously in 7.5.5.1. The principal difference between the 
processes is that KRW uses recycled coal gas for improving velocity and temperature control in the 
critical ash agglomerating zone in the 102-MW Pinon Pine Clean Coal Technology Demonstration 
IGCC plant in the United States. Deutsche Babcock in Germany has obtained a license for 
marketing in Europe. The process has been operated in oxygen mode on U.S. lignites from Texas 
and North Dakota at a 30-tontday pilot plant near Pittsburgh, Pennsylvania (25). 

7.5.5.3 High-Temperature Winkler (HTW) Process 

Uhde GmbH together with Rheinbraun AG and Lurgi GmbH has developed the fluidized-bed 
HTW process in Germany for both 1) a 10-bar oxygen-blown bubbling-bed design generating 
synthesis gas for methanol production from 720 tonslday of dried brown coal and 2) a 25-bar 
design using either air or stewoxygen as the gasification agent for IGCC applications. The IGCC 
design, which can be either a bubbling or a circulating bed, has been operated at pilot plant scale 
for 9500 hr at a throughput rate of 160 tonslday. An air-blown circulating fluidized-bed HTW 
gasifier design is being used for the 355-MW Kobra IGCC plant under construction in Hiirth, 
Germany (2 1). 

The Uhde response in the vendor appendix provides a detailed discussion of HTW design 
parameters and calculated material and energy balances for Maritsa East and Sophia lignites. 
Lignite dried to nominally 12% moisture content is fed through a lock hopper system to the lower 
fluidized zone of the gasifier operation at 850°C. Gasification agent (air or stedoxygen) is 
admitted both to the lower zone and to the above-bed freeboard to gasify entrained carbon at 
approximately 940°C. Entrained solids leaving in the raw product gas are separated in a cyclone 
and fed by gravity back into the gasifier. Ash is withdrawn from the bottom of the gasifier and fed 
to a moving-bed cooler. 



In response to the EERC questionnaire, no particular problems were identified in using 
Bulgarian lignites in the HTW gasifier. Coal is crushed to a grain size by 4-mm maximum with 
fines retained in the coal feed. Beneficiation to reduce ash content is not recommended. Design 
measures are described for preventing ash and slag deposits in the gasifier system. High ash 
content is indicated to result in a lower cold efficiency, estimated to be 68% to 70% for Bulgarian 
lignites versus 76 % for German Rhenish brown coal. 

Operation on air from the gas turbine compressor as the gasifying agent as compared to 
oxygen or oxygen-enriched air is indicated by Uhde studies to have only a slight effect on capital 
investment, overall plant efficiencies, or emissions. A dry gas heating value of 4.8 MJ/m3 
(129 Btulscf) is indicated for air-blown gasification of Rhenish brown coal, compared to 
10.1 MJ/m3 (271 Btulscf) for oxygen gasification. Similar values were obtained in EERC 
calculations for Maritsa East lignite dried to 12% moisture. 

Both cold-gas and hot-gas cleaning systems are described for the HTW gasifier. The cold- 
gas case includes 1) gas cooling to 260°C in a high-pressure steam generator; 2) particulate 
filtration using ceramic candle filters; 3) wet scrubbing for removal of alkalies, chlorides, and 
other trace contaminants; 4) hydrolysis of COS and H,S; 5) desulfurization using a selective 
process leaving CO, in the gas stream; and 6) final humidification and pretreating. 

Hot-gas cleaning, which was previously discussed, is not commercially proven as described: 
1) cooling to 650°C 2) particulate filtration, 3) treatment in a limestone/dolomite fixed bed for 
removal of alkalies and heavy metals, 4) metal-oxide desulfurization, and 5) final particulate 
filtration. The retention of NH, in the treated gas (absent a water scrubber) is identified as an 
important problem affecting NO, emissions. 

The efficiency of a 310-MW IGCC (160-MW gas turbine and 150-MW steam turbine) is 
estimated to be 46% to 47% (LHV), without reference to a particular coal quality. Use of hot-gas 
cleaning is estimated to increase efficiency by about 2 percentage points. The estimated cost of the 
HTW gasification system for this plant is US$1129/kW, including coal drying, gasification, and 
cold-gas cleaning, but excluding power systems. 

7.5.5.4 ABB Combustion Engineering Coal Gasification 

The ABB Combustion Engineering process is a dry-feed, air-blown, two-stage, entrained- 
flow gasifier that was selected for the U.S. DOE Clean Coal Technology IGCC (65-MW) 
demonstration project in Springfield, Illinois. The process originated with developments 
performed by Combustion Engineering in the 1970s in a 120-ton/day atmospheric pressure 
gasifier. Combustion Engineering has since worked with Mitsubishi Heavy Industries in the 
Japanese IGCC process, a 200-ton/day pressurized gasifier. The process is characterized by ABB 
Combustion Engineering as still being under development (see vendor appendix). 

The ABB Combustion Engineering pressurized gasifier operates on pulverized coal fed to 
two stages: both the bottom combustion section and the top reduction section. Raw product gas 
leaving the gasifier at approximately 1093°C (2000°F) is cooled to 538°C (1000°F) and passed 
through a cyclone to remove char for recycle back to the gasifier. The design for the Clean Coal 
Technology Demonstration project includes a General Electric-developed moving-bed zinc ferrite 
hot-gas desulfurization process. 



The response from ABB Combustion Engineering to the EERC questionnaire does not 
evaluate application of this technology to Bulgarian lignites in any significant detail. However, the 
gasifier is indicated to be well suited to firing lignite because of its high reactivity under 
gasification conditions. The only requirement given for the feed coal is that surface moisture must 
be removed. Based on EERC calculations of heat and material balances, drying below 50% 
moisture would be required in order to maintain a gas heating value (LHV) of nominally 
100 Btulscf as required for combustion in the gas turbine. 

7.5.6 An IGCC Svstem Based on a Moving-Bed Gasifier 

Requests for technical information on moving-bed gasifiers were sent to the Lurgi 
Corporation and to the Dakota Gasification Company operating the Great Plains Synfuels Plant 
using North Dakota lignite. Lurgi advised that the slagging moving-bed gasifier developed along 
with British Gas (the BGL gasifier) would not be suitable for Bulgarian lignites. Letters received 
from Lurgi and Dakota Gasification Company addressing applicability of the Lurgi dry-ash gasifier 
are in the vendor appendix. 

Lurgi and DGC responded similarly to the EERC questionnaire. Lurgi indicated that its dry- 
ash process would be applicable for processing Bulgarian lignites, contingent on testing of the 
stability (strength) of the coal and the properties of the ash under gasification conditions. 

The Lurgi dry-ash gasifier operates by feeding lump coal (6 to 50 mm) through a lock 
hopper system to replenish the top of the bed and admitting gasifying agent (steam and air or 
oxygen) to the high-temperature reaction zone at the bottom of the bed. The countercurrent flow 
of coal downward and gas upward dries and pyrolyzes the coal, causing the pyrolysis tar and oil to 
be carried out with the product gas. The dust and tar removed from the raw product gas in the 
quench and heat exchange system can be reinjected into the gasifier. The ash, which is recovered 
through a grate at the bottom of the gasifier, contains a very low carbon content (2% to 5%). 

Feed coal should be dried and screened to contain minimum fines (below 5 %). Dakota 
Gasification Company advised that beneficiation to reduce ash would not be recommended for 
lignite because of problems with dewatering and sizing the coal after cleaning. Dakota Gasification 
Company identified cementitious ash as a potential problem in the wet-ash-handling system, which 
can be remedied by proper design. Lurgi indicated that it has no experience with hot-gas cleanup 
for this gasifier. Dakota Gasification Company commented on the impact of high-sulfur loading on 
the cold-acid gas cleanup system. 

Cost information can be obtained from Lurgi on a case-study basis at a cost of US$50,000 to 
US$100,000 to the client. 

7.5.7 PFBC Systems 

7.5.7.1 Babcock & Wilcox PFBC 

The report, Design Characteristics of Coal Plants for PFBC Repowering, presented at 
PowerGen America '93, is contained in the vendor appendix. This report details the benefit of 
repowering with PFBC to significantly increase net plant thermal efficiency plus other potential 



environmental and financial benefits. Additionally, four repower case studies are presented in the 
appendix. 

The PFBC, as in any bubbling fluidized-bed boiler, mixes crushed coal and a bed material of 
limestone or dolomite with air in a highly turbulent, suspended state called fluidization. This 
turbulence creates good contact between the air and particles and between the particles themselves. 
The average combustion air velocity is very slow, 3 to 4 ft/s (1 m/s), resulting in minimal tube 
erosion. The residence time in the bubbling bed is about 3 to 4 seconds, a long time relative to 
other combustion processes. High turbulence and long residence time together with fairly uniform 
bed temperatures allow for excellent combustion efficiency and absorption of SO,. 

By controlling the fuel feed rate, the temperature of the bed can be maintained at a relatively 
uniform temperature of 1550°F (845 "C). The combustion zone temperature is below the ash 
fusion temperature of virtually all known coals. Therefore, slag is not formed, and the process is 
relatively insensitive to the type of coal burned. Also, the low combustion temperature in the 
fluidized bed minimizes the formation of thermal NO,. 

Another characteristic of a bubbling fluid bed is that the boiler tubes submerged in the high- 
density bed material have overall heat-transfer rates about four times higher than those in a 
convective heat zone, resulting in a more economical and compact steam-generating surface. The 
solid by-product that is produced is dry and essentially benign. 

The process of integrating a PFB boiler with a gas turbine results in the boiler exit gases 
containing enough energy to drive a gas turbine-generator. The gas turbine Brayton cycle, in 
concert with the utility steam turbine Rankine cycle, results in a very efficient combined-cycle 
configuration. 

The compactness of a PFBC makes it possible to add it to most utility plant sites. The great 
improvement in heating rate that is possible, together with exceptional emission reductions, will 
make it the economic choice for repowering large coal-fired utility units. 

A PFBC repowering project would include a new PFBC boiler to replace an existing boiler 
or boilers, a gas turbine for the PFBC, and possibly a new topping steam turbine. This technology 
has been successfully demonstrated at the 70-MWe scale at American Electric Power's (AEP) Tidd 
plant. A PFBC repowering project will build on the experience gained there and will incorporate 
several changes to enhance efficiency, reduce emissions, and increase availability and reliability. 
The repowering components are a reasonable integration of technologies. 

7.5.7.2 MW Kellogg Company 

Kellogg offers the transport reactor process that can be used in pressurized combustion 
combined cycle (PCCC) power generation in the same manner as any other FBC. Based upon 
Kellogg's preliminary calculations for Maritsa 1 East and Sofia lignites, the most effective 
conversion process would be PCCC compared to either of its gasification processes. Kellogg 
claims most of the energy in the coal is transferred to the flue gas. Details of its evaluation is 
presented in the vendor appendix. Kellogg also notes that its processes are not yet commercial in 
that commercial-sized facilities are not yet in operation. 



The transport reactor is a high-velocity reactor that processes pulverized solid fuel generally 
in the presence of calcium-based sorbent such as limestone which acts as a sulfur removal agent. 
The pulverized feeds and high velocity result in very rapid reaction rates requiring much smaller 
reactors than other fluid-bed systems. Typically, the velocity ranges from 20-40 fps, and high 
conversion is achieved by recycling a large flow of solids through the reactor. 

In combustion mode, the reactor operates in the 8 15 "-870°C (1500"- 1600°F) temperature 
range where the sulfur sorbent is most effective. In the gasification mode, the reactor operates in 
the range of 926"- 1038 "C (1700"-190O0F), depending upon the conversion desired, the type of 
fuel feed, and the ash melting properties of the fuel. The relatively low operating temperature 
avoids ash slagging and permits effective use of the sulfur sorbent. 

Kellogg has used the transport reactor concept in the design of many fluid-bed catalytic 
cracking (FCC) units, which are the workhorses of the modem petroleum refinery. The features of 
the transport gasifier and combustor are based upon Kellogg's extensive experience in design and 
operation of FCC units. A paper describing the development of the PCCC based upon this FCC 
experience is in the vendor appendix. 

7.5.7.3 Foster Wheeler Energy Corporation 

Extensive pilot plant testing of the advanced CPFB systems at Foster Wheeler Development 
Corporation is in its third and final phase. Construction of a 7-MW advanced test facility with 
integrated controls and operation plant is in progress at the Southem Company Services, 
Wilsonville, Alabama, facility. 

The design and operating experience of these units along with operating experience of other 
bubbling and circulating first-generation pressurized fluidized-beds, gasifiers, and Syngas systems 
has been used in the front-end design and scaleup of the Four Rivers Energy Modernization Project 
(FREMP) commercial-sized second-generation advanced CPFB system in Calvert City, Kentucky. 

In Foster Wheeler's second-generation PFBC concept, coal is fed to a pressurized 
carbonizer, where it is converted to a low-Btu fuel gas and char. The relatively low carbon 
conversion that takes place in the carbonizer results in a simpler sulfur removal process than is 
typically required in coal gasification processes. 

The char (unreacted coal, coal ash, and unreactedlreacted sorbent) that is produced in the 
carbonizer is transferred to a CPFB, where it is subsequently burned. The fuel gas produced in the 
carbonizer is cleaned of particulates and alkali and is fired in a specially designed combustor 
outside a high-temperature gas turbine using the CPFB flue gas as the oxidant. Steam is raised and 
superheated in the fluidized-bed heat exchanger (FBHE) with heat extracted from the CPFB. 

The additional components required to achieve higher CPFB plant efficiency include the 
carbonizer, hot-fuel-gas cleanup system, and the topping combustor. The redistribution of electric 
power produced in first-generation PFBC plants (20% in the gas turbine/80% in the steam turbine) 
to that produced in CPFB plants (50% in the gas turbine/50% in the steam turbine) yield higher 
efficiencies. Details of the advanced second-generation system are contained in the vendor 
appendix. 



7.5.7.4 ABB Carbon 

Following the successful introduction of the 80-MW PFBC module in plants in Europe and 
the United States, ABB Carbon and its licensees, in close cooperation with the utility customers, 
are proceeding towards the larger 350-MW module. 

The scaleup involves the optimization of different system components along a number of 
design criteria, with performance, cost, and maintenance as major guidelines. The GT 140P gas 
turbine is similar in design to the smaller GT 35P machine, but requires, due to its size, a different 
start-up principle. Combustor design also builds on previous experience from the smaller PFBC 
module but includes a number of innovative features. The vendor appendix contains the details. 

7.5.7.5 Pyropower Corporation 

Midwest Power's proposed CCT V project will combine the Pyroflow advanced PCFB 
technology developed by Pyropower Corporation and Ahlstrom Pyropower Inc. with the 
repowering of an existing conventional reheat steam generation power plant at the Des Moines 
Energy Center Site (DMEC). The project, to be named DMEC-2, will be a sister unit and an 
advancement to the DMEC-1 first-generation PCFB project, currently in the first budget period of 
an award under Round I11 of the Clean Coal Technologies Demonstration Program. The DMEC-2 
project will benefit from experience gained in DMEC-1, a trained operating staff and common 
facilities derived from having two units at the same site, while accomplishing the demonstration of 
the next generation of PFB technology, the advanced PCFB. 

The advanced PCFB combines pressurized combustion and gasification processes to take 
advantage of the benefits of each technology while eliminating many of the complexities that either 
technology has when applied alone. The proposed plant design will demonstrate the advanced 
PCFB cycle for large utility-scale power plants with steam reheat requirements, while 
accomplishing high plant efficiency and low emissions. DMEC-2 includes a combination of new 
and proven technologies, with a strong emphasis on maximizing the probability of technical 
success of the project by maximizing flexibility in plant operation. More detailed information is 
contained in the vendor appendix. 
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8.0 REPOWERING WITH CFBC 

A direct alternative to flue gas desulfurization for new plants and a potential repowering 
technology for old is represented by atmospheric fluidized-bed combustion (AFBC). In the studies 
prepared by Energoproekt, TOTEMA, and Overseas Bechtel, Inc., it was determined that the 
plants powering the Maritsa East 1 facility were past their useful life and needed to be replaced in 
the near future if operation of the briquetting plant were to continue. Replacement of this capacity 
with AFBC technology is a logical approach. 

Several utilities in the United States have successfully operated fluidized-bed plants, 
including the 160-MW Shawnee plant in Kentucky burning eastern bituminous coal and four plants 
burning western U.S. coal: the 125-MW Black Dog plant in Minnesota, the 80-MW Heskett plant 
in North Dakota, the 110-MW Nucla circulating-bed plant in Colorado, and the 150-MW 
Texas-New Mexico Power Company CFBC in Texas. Many industrial fluid beds operate on a 
wide variety of fuels, some with ash, moisture, andlor sulfur levels exceeding those of the Maritsa 
East lignite. FBC offers greater fuel flexibility than conventional boilers, and the modular 
construction lowers capital costs. Low-quality coals and refuse materials can be successfully 
burned, and costly coal-pulverizing equipment and flue gas scrubbers are unnecessary. Slagging 
and fouling problems are also reduced compared to pc-firing. 

Two basic types of AFBCs differ in respect to fluidizing gas velocity and mean particle size: 

The bubbling bed has a fluidizing velocity of 1 to 2.5 meters (3 to 8 feet) per second and 
a mean particle size of 2-3 mm. The fluidized bed is maintained in the lower portion of 
the combustor. Heat is removed through waterwalls andlor in-bed tubes. Units as large 
as 160 MW have been built. Combustion efficiencies in the bubbling bed are in the range 
of 90% to 98% and can be increased significantly by recycling elutriated particles back 
into the combustion chamber. Boiler efficiencies range from 80% to 86%. 

CFBs operate at a gas velocity of 5 to 6 meters (16 to 20 feet) per second and mean 
particle sizes of 0.1 to 0.3 mm. Because the velocity is great enough to entrain much of 
the bed, the CFB is much taller and has a particle collector at the top of the combustor 
that collects solids to be recirculated into the bed. All heat removal is through waterwalls 
in smaller units (less than 50 MWe); additional heat can be removed with division walls 
containing a waterwall surface or with an external heat exchanger. CFBs seem to be 
gaining popularity over bubbling beds because of improved combustion efficiency, sulfur 
removal, and heat transfer, as well as a reduction in the number of fuel feed points and an 
increase in fuel flexibility. Load capacity can also be greater for CFBs: up to 500 MWth. 
CFB units generally have combustion efficiencies greater than 98%, and boiler efficiency 
ranges from 85 % to 90 % . 

Combustion temperatures in fluidized beds are below 900°C, compared to 1500°C or higher 
in pc-fired units. Combustion at the lower temperature produces less NO, and maximizes sulfur 
capture efficiency on in-bed sorbents. In a bubbling bed, 90% sulfur retention can be achieved 
with an alkali-to-sulfur ratio of 2.0 to 3.5; a circulating bed requires an alkali-to-sulfur ratio of 1.0 
to 2.5 for 90% sulfur retention. NO, emissions in both types typically range from 0.2 to 
0.5 IblMMBtu (270 to 680 mglscm). Air staging and ammonia addition have been used to meet 
lower emission standards. 



EPRI estimates indicate that construction of a fluidized-bed plant would typically cost 5 76 to 
10% less than a conventional unit (1); most of this cost saving is in the elimination of a flue gas 
scrubber. In spite of this cost advantage, some problems and uncertainties still exist. Bubbling- 
bed AFBC units require more sorbent than scrubbers do to remove the same amount of sulfur. The 
overall cost of FBC compared with pc-fired boilers equipped with scrubbers remains uncertain. 
Erosion in the bed is still poorly understood and requires further investigation. Load turndown is 
more difficult in bubbling fluidized beds than in pc-fired plants; however, CFBCs may achieve 
turndown ratios of 5 to 1. Fuel flexibility must be considered carefully, since design and 
performance may differ significantly for different fuel types. 

Repowering of existing pc-fired power plants with AFBC is a potentially economical way to 
gain emission reductions, life extension, and possible uprating. EPFU has estimated the cost of a 
retrofit to be in the range of US$500-US$1000/kW (1). One U.S. retrofit of an AFBC for burning 
North Dakota lignite was accomplished at a cost of only US$l3O/kWh on a 66-MW spreader 
stoker boiler which, in the process, was upgraded to 80 MW (2). 

8.1 Impacts of Coal Properties on CFBC Performance 

Thermal and environmental performance and operating costs of an atmospheric CFBC are 
functions of operating conditions, design parameters, and fuel properties. Design parameters are 
selected and optimized before fabrication and installation of a system, while operating parameters 
are manipulated after the system is installed. Obviously, a combination of expected operating 
parameters must be specified in order to design the system to deliver the desired rate and form of 
energy while meeting the required emission standards. Likewise, the design fuel and any other 
fuels that may be used in the system must be specified prior to design of the system, as fuel 
properties can have a significant impact on the design and operation of a CFBC. These "design- 
point conditions" are projections from pilot-scale tests, extrapolations from similar fuels or 
systems, or copies of existing successful systems. 

The main purpose of this section is to discuss the differences that exist among fuel properties 
and to relate these differences to the design and performance of a CFBC. Knowledge of specific 
properties will be critical in the design phase, while an understanding of other properties will be 
more critical during operation. A summary of the effects of coal properties on CFBC system 
design and performance is presented in Table 8-1. 

8.1.1 Thermal Performance 

Because of the action of the circulating solids, the CFBC typically operates with a high heat 
flux. The heat flux for full load conditions ranges from about 25,000 to 35,000 Btulhr ft2. The 
heat flux increases with increasing temperature and velocity, but is generally independent of fuel 
type. Fuel type may indirectly affect heat flux to a small degree by its effects on recirculation rates 
and particle-size distributions. No differences are expected for the variations within the Maritsa 
mine. 

The lignitic coals are typically very reactive, and carbon burnout approaching 100% is 
achieved. It is anticipated that high carbon burnout will be accomplished with the Maritsa lignite. 
Factors affecting carbon burnout for this coal will be the high ash and sulfur levels, which result in 



TABLE 8-1 

Effects of Coal Properties on CFBC System Design and Performance 

Effect on System Effect on System Effect on System 
Coal Property Requirements and Design Thermal Performance Environmental Performance 

Heating Value Determines size of feed subsystem, combustor, Efficiency impacted by moisture and ash Size of particulate collection devices. 
particulate collection equipment, and hot duct. content (see below). 

Moisture Content Can impact feed system design and capacity and size of Higher moisture lowers thermal efficiency. Very high moisture can increase CO emissions because of 
convective pass. afterburning. 

Ash Content Determines size and type of particulate control Higher ash lowers thermal efficiency via heat None, with proper design. 
subsystem and size of ash-handling subsystems. losses from hot solids removal. 

VolatilesIFixed- Impacts fuel feed method. 
Carbon Content 

Lower combustion efficiency for fuels with None, with proper design. 
low V/FC content. 

Sulfur Content" Determines required capacity of sorbent subsystem and Higher sulfur can lower thermal efficiency None, or pr~portional,~ if site and system size regulated. 
ash-handling subsystem. via heat losses from added solids for SO, Determines SO, emissions (in conjunction wit11 alkaline 

control (see ash content above). ash) if uncontrolled. 

Nitrogen Content None, with common designs and typical regulations.' None, with common designs.' Impacts NO, emissions. 
+ 

Chlorine Content Can impact selection of materials for cool-end Typically none. Very high chlorides can Impacts HCI emissions. 
components. May cause higher corrosion rates for in- lower thermal efficiency by requiring 
bed tubes. operation at higher exhaust temperatures. 

Alkaline Ash Can reduce size of sorbent subsystem. 
Content 

None. Higher ash alkalinity lowers uncontrolled SO, emissions. 

Sodium and High sodium can dictate fouling prevention measures Higher sodium can lower thermal efficiency Higher sodium lowers uncontrolled SO, emissions. 
Potassium Content and allowance for agglomeration (e.g., sootblowing, as a result of tube fouling and heat losses Sodium tends to reduce fly ash resistivity for ESP 

frequent bed draining, aeration of downcomer). from more frequent hot-solids removal. performance improvement; may also enhance fabric filter 
performance. 

Ash Fusibility Low fusion temperatures can impact design, with Lower fusion temperatures impact thermal Typically none. 
respect to allowance for fouling and agglomeration efficiency in the same way as higher sodium. 
potential. 

' The forms of sulfur can have an impact, with high pyrite content requiring longer gas residence time in the bed. The result may be increased operating pressure and blower 
capacity. 

1% 
Sulfur content can determine SO, emissions, depending on which regulation applies (e.g., NSPS regulations stipulate fractional removals). 

,ih For low-NO, regulations. a staged combustion or postconibustion NH3-based suppression design may be required. Staged combustion designs can have higher CO emissions. 
->&) Postcombustion NO, suppression subsystems can lower the thermal efficiency slightly and emit NH,. 



a high solids removal rate. Because the carbon content in the bed is typically around 3 76, high 
solid drain rates will result in higher unburned carbon losses. A variety of fluid-bed heat 
exchanger and bed removal systems have been designed and are offered as options to CFBCs. 
These systems increase efficiency by providing an opportunity to bum off residual solids and 
capture the sensible heat in the bottom ash before discharge. A cost benefit analysis of using such 
a system for Maritsa East 1 is warranted. 

A modified version of the American Society of Mechanical Engineers Power Test Code 
(ASME PTC) 4.1 is used to calculate boiler efficiencies for CFBCs. Overall boiler efficiencies are 
affected by the carbon burnout of the fuel and a number of other parameters. Since LRCs typically 
contain high levels of moisture, more heat is required (lost) during the combustion of LRCs to 
vaporize the extra moisture. During operation at a specific temperature and excess air level, the 
high-moisture fuels generate greater mass flows through the system per delivered Joule than low 
moisture fuels, resulting in a higher fraction of the energy being recovered in the downstream 
convective heat recovery unit. The amount of generated energy that ends up in the flue gas can 
vary from 65 % for fuels with 40% moisture to 40% for the relatively dry bituminous coals. The 
shift of energy results in a reduction of boiler efficiency because of greater stack losses for the 
high-moisture coals. Other losses in boiler efficiency result from the conversion of fuel hydrogen 
to water, unrecoverable heat from the discharge of ash and spent sorbent, and the calcination of the 
raw sorbent. A boiler efficiency credit is given for the sulfation of the sorbent, as this process 
produces usable heat. The Maritsa East lignite will lose efficiency as a result of the high ash 
content, but will probably see little sorbent-related reduction in boiler efficiency. 

Coal properties will have an effect on the initial design of a CFBC and the operation of an 
existing system. For example, a system designed for high-moisture fuel would require a larger 
fuel feed system to generate the same amount of steam andlor electricity as a unit designed for a 
low-moisture fuel. Downstream heat recovery equipment would have to,be larger for higher- 
moisture Maritsa fuels to account for the higher flue gas flow rates. No ash recycle from 
secondary cyclones or baghouses will be required to obtain acceptable levels of carbon burnout. 
System efficiency for the Maritsa coal could be improved by beneficiation of the coals for ash and 
sulfur removal and drying before combustion, but any modifications to improve coal quality would 
need to be evaluated for cost-effectiveness. 

8.1.2 Environmental Performance 

Emissions from a CFBC operating on a given fuel can generally be controlled using proper 
system design and operation. While system requirements depend upon coal properties, the actual 
emissions are dependent upon system design and operation. It is currently possible to meet all 
present and proposed Bulgarian standards with state-of-the-art CFBC technology. 

When coals are fired in a CFBC, the amount of sulfur capture is primarily determined by the 
total alkali-to-sulfur ratio. The alkali is provided by the mineral matter and cations contained 
within the coal and any added sorbent. The forms of alkali in the coal and combustor operating 
conditions, primarily temperature, are also important. Once the coal and sorbent properties are 
known, system design and operating specifications can be set to achieve virtually any level of 
sulfur capture. Although theoretical sulfur captures approaching 100% can be achieved, typically 
90% to 95 % capture is considered economical in an FBC. Bulgarian standards can be met with 
95 % capture. 



In specifying design and operating conditions for the CFBC, it is critical to know how much 
sorbent addition is required to meet applicable emission standards. This can vary greatly with coal 
and sorbent types. For example, test data on various fuels at the EERC show that to retain 90% 
sulfur, the required alkali-to-sulfur ratio ranges from 1.4 to 4.9, depending on coal type, to reach 
the 95 % retention required for the Bulgarian coal, and an alkali-to-sulfur ratio of 2-3 may be 
needed. Pilot testing can verify the required sorbent quantities. 

The source and size of limestone can also have an impact on sulfur capture. As part of 
testing performed at the EERC, two different limestones were tested while a bituminous coal was 
burned. Limestone size was also a test parameter. Using a coarse limestone (-20 mesh), 40% of 
the calcium in the limestone was utilized for sulfur capture. A fine limestone (-40 mesh) of the 
same type resulted in a sorbent utilization of only 29%. A second limestone of fine particle size 
(-40 mesh) showed similar performance, with approximately 29% utilization. To capture 70% of 
the sulfur, alkali-to-sulfur ratios of 1.8 for the coarse limestone and 2.3 for the two fine limestones 
tested would be required. In this case, the reactivity of the two limestones was similar. The 
poorer utilization for the finer limestone was probably the result of shorter residence time in the 
combustor. The collection efficiency for the cyclone decreases with decreasing particle size, and 
small sorbent particles may leave the system after only one pass. For limestones with different 
reactivities, the add rates can also vary as a function of limestone type. 

When a new unit is designed or when fuel switching is considered with a CFBC, it is 
important to understand the characteristics of the coal and the sorbent to be used. The alkali-to- 
sulfur ratio will have the greatest impact on sulfur retention and emissions. However, the required 
alkali-to-sulfur ratio will depend greatly on fuel properties and can also vary significantly with 
limestone properties. Likewise, the utilization of sorbent alkali can vary between sorbents and 
have a significant effect on the amount of sorbent addition required. Therefore, it is recommended 
that new designs or new fuels be based on either pilot plant testing of that specific fuel and sorbent 
combination or on operating data from an existing plant burning that or a very similar fuel. This is 
critical for the Maritsa design, since the limestone feed requirements are so high. 

NO, emissions from CFBCs are inherently low, and experimental work and recent 
experience from operational CFBC facilities have indicated that NO, emissions beyond the low 
thermal NO, background levels can be controlled by the proper design and operation of CFBC 
systems, such as staged combustion. This indicates that CFBC systems will not be limited by NO, 
emissions and that fuel properties only determine the system requirements to achieve the desired 
level of NO, emissions. Several types of postcombustion NOx-suppressant subsystems can also be 
applied to CFBCs if further reduction of NO, emissions is required. This indicates that although 
for a specific design and operating scenario NO, emissions are fuel-specific, the emissions can be 
controlled within a given range by proper design and operation. 

8.2 Application Scenario 

The Maritsa East 1 power station was built between 1958 and 1963. The current station 
consists of six natural circulation-drum steam boilers with four extraction turbines. These units 
provide process steam for an adjacent briquetting plant and hot water for the centralized heating 
systems of a local town, greenhouse, and the power and briquetting plants. A total of 200 MW of 
electricity, 450,000 kg/hr (990,000 Ib/hour) of steam, and 1.69 x 10" J/hr (160 MMBtufhr) of 



hot water is produced from these boilers. There are also two double-condensing units built for the 
sole purpose of producing electricity, with 150 MWe each. The combined total electric generation 
is 500 MW. 

Studies performed by Overseas Bechtel, Inc., and the Bulgarian firms TOTEMA and 
Energoproekt have determined that these boilers will soon reach the end: of their useful life. The 
boiler tube metal is nearly exhausted, and operating these boiler requires unjustifiably high 
operating expenses. The overall efficiency of the existing boilers is very low. Emissions of 
particulates, nitrogen oxides, and sulfur dioxide are well above the new limits. Based on these 
factors, rehabilitation of the existing boilers was ruled out, and replacement of the boilers with a 
technology such as CFBC was determined to be the best option. 

In Energoproekt studies, versions have been considered for the construction of a replacement 
capacity for the station with CFB technology using new steam turbines with steam extraction. 
Energoproekt also feels there is a need for construction of new subsidiary plants: a boiler water 
treatment plant, a heavy fuel oil plant, a coal-handling facility with an open-air depot, a limestone- 
handling system, an ash-handling system, wastewater purification facilities, and a process control 
facility. 

8.3 Operating Cost Sensitivity to System Design Parameters and Coal Properties 

Several primary system design parameters determine CFBC thermal and environmental 
performance. The design parameters and coal properties can be selected to optimize the 
performance by lowering SO,, NO,, and particulate emissions to environmentally acceptable levels 
while maximizing the system's energy output. Several combinations of LRCs and CFBC designs 
will produce thermal energy at environmentally acceptable conditions. However, many of these 
parameters which determine performance do not influence operating costs significantly. To 
identify prime system-controllable and fuel-selectable parameters, results from a previously 
performed sensitivity analysis have been updated for the operating costs of a LRC-fired CFBC 
system. 

The basis of the sensitivity analysis of operating costs to both process and economic factors, 
was a conceptual design of an AFBC system for which capital and energy production costs were 
estimated when selected LRCs were fired. To avoid confusion with the many definitions of 
"operating" costs, the total annually recurring costs (both variable and fixed) to produce steam will 
be used here as "steam production costs." Although some item@) unintentionally may have been 
overlooked, an attempt was made to include all cost components, even site-specific costs. To 
simplify costing, the boiler was defined for process steam production only (steam at 150 psig, 
saturated, with condensate return) and was large enough that NSPS regulations would apply 
(200,000 lb stearn/hr). The boiler was defined as an incremental system to an existing plant and 
steam system. Fuel, utility, and steam facilities were considered available, including coal- and 
limestone-unloading subsystems, inventory storage area, treated water supply, electrical substation 
with proper voltages and adequate capacity, and main stream header. Thus site preparation was 
not included in capital costs. For the Maritsa plant, the electric generation part of the plant would 
increase overall capital costs; however, it is not expected to significantly impact the sensitivity of 
operating costs to the major parameters discussed in this section. 



Many of the prime parameters which affect the steam production costs from AFB boilers are 
known, and a suitable range of design, operating, and cost parameters were used in the analysis. 
The process parameters were varied to establish the feedstream and output rates for the selected 
process. 

The coal properties and operating data were based on actual FBC tests of San Miguel lignite 
from the Jackson formation in southern Texas. Although not identical to the Bulgarian lignites, 
this coal is similar in that it has high ash and moisture. 

The reference coal was selected for properties in the middle of the low-rank series: 
7600 Btullb as-received, 16% moisture, 3.0 % sulfur as-received (equivalent to 3.9 lb SIMMBtu 
input), and 20% maximum sulfur retention by inherent ash at optimum operating conditions. From 
EERC test data, it was determined that the reference coal would require a conservative level of 
limestone addition at a CaIS molar ratio of 2.84 to achieve the required 90% SO, removal to meet 
NSPS regulations. Variations in the prime coal properties were evaluated in the sensitivity 
analysis, thus allowing comparison to other coals. The selected parametric values for the base case 
and the range or parameter variations evaluated are summarized in Table 8-2. All costs are given 
in 1995 U.S. dollars. 

The purpose of the sensitivity evaluation was not to select the "optimum" LRC-fired steam 
production cost, but rather to classify the various parameters according to their individual and 
collective effects upon steam production costs and to identify the most significant parameters. The 
base case parameters and factors were selected as a case which illustrate the trends and effects of 
FBC design parameters, LRC properties, and typical ranges of cost factors and unit prices for a 
process boiler. Obviously, other sizes and types of FBC systems would result in different capital 
and operating costs than used for this analysis. However, the sensitivity of the various factors 
discussed is expected to be similar (e.g., in a high-pressure electrical power generation boiler or 
cogeneration system). 

Relative steam production costs for each of the parametric cases were computed from the 
feedstream, utility, and steam rates; the total capital investment; selected estimating factors from 
referenced guidelines; and the selected range of unit cost parameters. The range of unit cost 
parameters were selected to encompass a realistic range of "conservative" to "optimistic" values. 
Since the errors in the capital cost estimates were probably within f 25% and the process errors in 
the model were probably smaller than + 10 % , the parametric values were selected for ranges 
beyond the range of errors within the estimate, i.e., typically +50% or more from the base case. 

The relative sensitivity effects on steam production costs from changes in each of the 
parameters were computed from the data and are summarized in Table 8-3. The relative cost 
sensitivity coefficients (p) are the ratios of the relative change in steam cost to the relative change 
in the parameter. For example, with P = 0.42, a 10 % change in the coal cost per ton from the 
base case would result in a 4.2% change in the steam production costs (from the base case). Since 
most of the parametric effects upon steam costs are linear in nature, the value of p is valid for most 
changes in steam costs resulting from the parameter change. However, a few parameters were 
more complex in their relative effects upon steam costs, and P itself changes with the parametric 
value used, e.g., with FB combustor temperature and exhaust gas temperature. The P for these are 
for specific values of the parameter and any extrapolations are only straight line approximations of 
the effect within the varied parametric range. It is estimated that typically P has errors less than 
f 10%. 



TABLE 8-2 

Cost-Sensitivity Evaluation Parameters 

Base Case Value Evaluational Range 

Process Parameters 

Coal Heating Value (HHV), as-received Btu/l b 

Coal Ash Content, dry weight % 

Coal Moisture Content, weight % 

Coal Sulfur Content, as-received weight % 

Feedstream Ca/S Molar Ratio 

Fluid-Bed Temperature, OF ("C) 

Fluid-Bed Velocity (superficial), ft/sec 

Excess Air, weight % 

Exhaust Gas Temperature, "Fa ("C) 

System Availability (annual), % 

Coal Factors and Parameters 

Coal Unit Cost, US$/ton 

Fuel Energy Cost, US$/MMBtu 

Limestone Unit Cost, US$/ton 

Effective Sorbent Cost, US$/MMBtu 0.69 0-1.95 

Solid Waste Disposal Cost, US$/ton 20 10-30 

Total Utilities Cost, US$/yr 672,100 336,100- 1,008,000 

Total Operating Labor Cost, US$/yr 365,000 182,000-547,200 

Maintenance Labor and Materials, US$/yr 1,009,000 504,600-1,514,000 

Plant Overhead, US$/yr 1,009,000 504,600-1,5 14,000 

Total Capital Investment (TCI), US$ million 15.5 7.8-23.3 

Depreciation Life, yr 30 15-45 

Amortization Rate, % of TCI/yr 12.4 8.9-16.2 
a The exhaust gas temperature was adjusted by varying the convective boiler and economizer heat removal. 



TABLE 8-3 

Cost Components and Relative Sensitivity Effects of Design and Fuel Parameters 
upon Steam Production Costs 

Relative Sensitivity of Base Case Steam Production Base Case Steam Production Cost 
Costs to Parameters Components 

Rank D" Rank 76 

Sienificant Effect (P > 0.101 

1. Design Temperature, O F  ("C) 

1. Fuel (coal) cost 

2. Amortization of capital 

Below 1550" (843") -0.5gb 3. Sorbent (limestone) cost 11 .O 

Above 1550" (843") 0.9gb 4. Waste disposal cost 9.3 

2. Fuel HHV, Btu/lb -0.59b 5. Maintenance labor and materials 6.9 

3. Fuel Energy Cost, US$/MMBtu 0.55 6. Plant overhead (safety, supplies, 
administration, etc . ) 

4. System Annual Availability, % -0.49 

5. Fuel Unit Cost, US$/ton (delivered) 0.42 7. Utilities (start-up and sustaining oil, 4.6 
treated water, sewage fees, and electrical 

6. Net Sulfur Control Cost, 0.18 power) 
US$/MMBtu 

7. Added Cats Molar Ratio 0.18 8. Depreciation (as replacement cost) 3.6 

8. Total Capital Investment, US$ 0.17 9. Operating labor; supervision, and benefits 2.5 

9. Sulfur Content of Fuel, % (wet) 0.16 

10. Amortization Rate, % TCI/yr 0.12 Total steam production costs 100.0 

11. Exhaust Gas Temperature, OF 0.1 lb  

12. Limestone Unit cost, US$/ton 0.11 
(delivered) 

Moderate Effect (D = 0.01 to 0.101 

13. Solid Waste Disposal Cost, US$/ton 

14. Plant Overhead Costs, US$lyr 

15. Maintenance Costs, US$/yr 

16. Total Utilities Cost, US$/yr 

17. Depreciation Rate, %/yr 

18. Operating Labor, Supr. Benefits 

19. Design Velocity, ft/sec 

20. AFB Combustor Capital Cost, US$ 

21. Excess Air, % 

Insignificant Effect I3 < 0.01 

Fuel Oil Cost, Electrical Power Cost, Treated Water Costs 
a is the relative change in steam production costs (%) resulting from a relative change in the process, 

design, or unit cost parameter (%). Negative signs indicate a decrease in cost for an increase in the 
parameter and vice versa. 
Linear approximation of slope within evaluated parametric range. 



The relative cost-sensitivity coefficients in Table 8-3 were ranked in descending order to 
indicate to which parameters the steam production costs are most sensitive. Major contributions to 
energy production costs from FBC systems are the combined results of the fuel energy costs and 
the system costs to convert that fuel energy to useful energy in the form of steam, electrical power, 
etc. The system conversion costs include the effects of conversion efficiency (i.e., thermal and 
combustion efficiencies), system availability/capacity , and the capital invested. Related labor, 
maintenance, and internally consumed utility costs have minor or insignificant contributions to 
stedpower production costs. If "clean," nonpolluting fuels were fired in FBC systems, the 
pollution control costs would also have minor impact upon production costs. Since FBC systems 
are utilized to fire "dirty" solid fuels, the impact of pollution control costs, especially sulfur, can 
be significant. 

For FBC boilers firing LRC, the most important design and selection parameters to obtain 
low steam and power costs are the combustor bed temperature, coal heating value and cost, system 
availability, sulfur control costs, total capital investment, and exhaust gas temperature. All other 
cost factors and design parameters, even the capital cost of the FBC with its internal components 
are secondary in nature, and steamlpower costs are less sensitive to the actual values of the latter 
parameters. Most of the FBC design parameters which have significant effects upon environmental 
performance have insignificant effects upon production costs, including bed design velocity, bed 
depth, bed pressure drop, combustor size, configuration, and excess air. The FBC velocity, bed 
depth, pressure drop, and excess air should be designed for optimization of the system's energy 
output, combustion efficiency, and sulfur retention (in approximately that order) rather than for 
any reduction of capital costs. The FBC costs can be increased to optimize emission control or 
thermal output with very little or no effect upon operating costs. With P = 0.02 1, even a 25 % 
increase in the FB combustor/boiler cost, which would have been thousands of dollars, would have 
only increased the evaluated steam costs by US$0.04/1000 lb or 0.5%, which is a very small 
increment. 

Since the relative sensitivity coefficient of steam costs to total capital investment 
(at p = 0.17) is lower than the house of both fuel energy costs (P = 0.55) and operating 
availability (P = -0.49), then it is cost-effective to invest additional capital to lower the consumed 
fuel energy costs and improve plant reliability, provided these improvements do not cause 
excessive associated increases in maintenance and plant overhead. System components should be 
optimized for reliability by adding duplicate or standby units for critical items (e.g., blowers, 
feeders, water pumps, etc.) to maintain high on-stream time and system output. Other components 
could also be cost-effectively added to the system to improve efficiency. Since LRCs may contain 
15%-40% moisture, it can be cost-effective to upgrade the fuel by installing the proper feed stream 
dryer or other heat recovery subsystem on the exhaust gases to lower the coal moisture content. 
For the evaluated boiler system, a direct coal dryer utilizing the exhaust gases could have been 
installed at a capital increase of - 4%, which would have reduced the net steam cost by more than 
US$O. 501 1000 lb, a net steam production cost savings of - 6 % . 

When there are choices, the coal should be selected for the highest heating value and lowest 
ash, moisture, and sulfur content possible. More importantly, the coal should be selected for the 
lower cost on a purchased energy basis (i.e., US$ per MMBtu, delivered) and the lowest net sulfur 
control cost (NSCC) parameters (e.g., added Cats molar ratio required). When there are no 
choices in fuel selection, such as for the Maritsa plant, then the system design and operation should 
be optimized to improve the thermal efficiency, output, and reliability as regards the above. 



With low-sulfur coals (or other combinations of coal sulfur, alkaline ash, and environmental 
regulations which results in no or very low requirements for limestone/dolomite addition), the 
sulfur control costs have minor impact on steam costs (i.e., NSCC below $0.20 per MMBtu input). 
With the lower cost impact of low-sulfur coals, there is more latitude in selecting the bed 
temperature, sorbent properties, and related costs to optimize system performance. 

For high-sulfur coals, such as that from the Maritsa mines (e.g., above approximately 3 lb 
SIMMBtu), the optimization of solids recycle, bed temperature, and sorbent properties can be quite 
beneficial in reducing operating costs. The system design and SO,-sorbent selection should be 
optimized to lower the sulfur control costs (e.g., via small limestone particle size, high calcium 
content per dollar cost, minimum bed drain rates, recycle of solids to the combustor, etc). The 
FBC bed temperature should also be designed for optimum sorbent usage, which is typically near 
1550°F (843 "C). All other FBC design parameters are of secondary or insignificant importance to 
costs and should be adjusted to improve the system's thermal and environmental performance. 

Thus operating costs are very sensitive to changes in the prime system-controllable 
parameters of bed temperature from the optimum sorbent temperature, typically near 1550°F 
(843°C); exhaust gas temperature above the acid dew point; and high system availabilities. All 
other FBC system design parameters should be optimized for emission and thermal performance 
since they have little effect on energy production costs. The prime fuel-selectable parameters of 
heating value, sulfur content, delivered cost, and required Ca/S addition have major impacts on 
operating costs and should be selected whenever possible for minimum stearn/power costs. 

8.4 Information Requested from Vendors 

In order to make this handbook as practical as possible, a number of vendors were contacted 
and a request made to supply information specific to the Maritsa East plant. Section 8.5 presents 
the information requested. 

8.4.1 Design Coal Information Supplied to Vendors 

The design coal analysis, emission parameters, ash analysis, and ash fusion properties are 
given in Table 2-1. The design coal is a high-moisture lignite containing very high levels of sulfur 
(5.9% maf) and ash (34 % db). Required sulfur control levels for this design coal analysis are 
between 74% and 95 % under emission standards applying to old and new plants respectively; even 
higher control levels, up to 98%, could be required at maximum coal sulfur contents. Ash 
particulate control levels of 99.7 % to 99.9% are required, as measured in reference to total ash 
content. NO, control levels are in the range of 193 to 430 ng/J (0.45 to 1.0 lb/MMBtu) (see 
Table 2-1). 

The ash analysis in Table 1 shows high percentages of silica and alumina, which increase as 
the ash content increases. Iron oxide and the principal alkaline constituents, CaO and MgO, 
decrease as the ash content increases. Total alkalies (Na,O plus K,O) are below 1 %. 



Ash fusion temperatures shown in Table 1 indicate that melting starts at or above 2100°F 
(1 149°C) in a reducing atmosphere and 2300°F (1260°C) in an oxidizing atmosphere. 
Calculations based on literature correlations of the ASTM ash softening temperature (reducing) 
indicate that the midrange ash analysis approximately coincides with the eutectic minimum and that 
additions of either lime, silica sand, or kaolin clay in amounts from 0% to 100% would increase 
the softening temperature by 200" F (93 " C) to 300 " F ( 149 " C) . 

8.4.2 Desicn and Performance of CFBC Systems 

Vendors were asked to give their approach to replacing the existing amount of electricity, 
steam, and hot water at Maritsa East 1. These quantities are 500 MWe of electricity, 
449,000 kglhr, and 72,500 kg/hr of hot water. This information was to include the number of 
individual combustors, number and type of turbines, and how the combustors and turbines would 
be manifolded together. 

Information was also requested from vendors on the design features of the CFBC and gas- 
cleaning and power equipment that would be offered for the design coal. Performance estimates 
were requested to the extent that they were available on the following parameters, taking into 
account the properties of the feed coal: 

* Energy and material balance 

* Coal feed requirements (quantity and size) 

Ash generation (quantity and split) 

Limestone feed requirements, assuming a 95% pure stone (both quantity and size) 

Emission levels for SO,, NO,, and particulates 

Efficiencies for combustion (boiler efficiency) and for the integrated system (coal to 
electricity, steam, and water - overall heat rate) 

Test results for high-moisture and high-ash coals resembling Bulgarian lignite, which would 
be the most useful for making this evaluation, were requested. Desired sources of performance 
data include reference citations, copies of published reports, and unpublished results. 

Summary estimates of capital and operating costs were requested to the extent that they were 
available on the following: 1) the CFBC and turbine sets that would be offered for the design coal 
and 2) a fully integrated CFBC plant for baseload operation, including the subsidiary plants. 

Background information about each company contacted and its experience in CFBC, 
especially relating to low-rank coals, was requested, including existing company brochures and a 
list of contact people. 

8.5 Vendor Response 

Tampella Power Corporation (TPC) was the only company to respond with details on its 
approach to retrofitting the Maritsa East 1 power plant with CFBs. TPC's approach would be 
4 x 567,000-kgthr (1,250,000-lblhr) CFB units. These would be manifolded to a common 



header. The turbine system recommendation would have to come from someone with more 
experience in that area; however, TPC indicated two turbines might be adequate. The main 
equipment supplied by TPC would be the water-cooled combustor, fuel-limestone feed systems, 
cyclone and loopseals, back-end convection sections (superheater, economizer, air heater), and the 
air system, including fans. TPC would also supply all ductwork and pressure parts in the ASME 
Section 1 boundaries. The only gas-cleaning equipment required would be a baghouse or ESP. 
TPC estimates the plant size to be approximately 91 x 85 m (300 x 280 ft). Some performance 
information per unit is as follows: 

Fuel flow 79,820 kg/hr (176,000 lblhr) 
Limestone flow 47,170 kglhr (104,000 lblhr) 
Calcium-to-sulfur ratio -3.0 
Ash flow 59,000 kglhr ( - 130,100 lbthr) 
Ash split (bottom ashlfly ash) 20180 
Combustion air flow, lblhr 851,700 kglhr (1,878,000 lbfhr) 
Flue gas flow 1,093,400 kglhr (2,411,000 lblhr) 

The sizing requirements for the fuel and limestone would be as follows: 

Fuel 
Limestone 

The predicted emissions would be as follows: 

SO, (at 95.2 % reduction) 
NO, (uncontrolled) 
Particulate 

- 112 in. x 0 
118 in. x 0 

Our 5,000,000 lblhr (2,267,500 kglhr), 2500 psigl1005 "F (173 bar/54O0C) steam flow is broken 
down as follows: 

3,850,000 lblhr to turbine(s) (1,746,000 kglhr) 
990,000 lblhr to heating (449,000 kglhr) 
160,000 lblhr to hot water (72,500 kglhr) 

In reference to points of contact, TPC recommends having interested Bulgarian firms contact 
the head of sales in its Tarnpere, Finland, office. The U.S. TPC phone number is (358) 24 1-3 1 1 1. 
Literature on TPC CFBs and the company'is supplied in the vendor appendix. The pricing aspect 
was difficult because of a lack of knowledge of labor and costs in Bulgaria; therefore, no price 
quotes were given. Price quotes could be obtained through the Finland office. 

Based on the analysis of the Maritsa East 1 lignite and EERC's experience with similar fuels, 
the material provided by TPC is reasonable. The 95 % SO, retention may be achieved at rates 
lower than the 3.0 CaIS ratio recommended by TPC. Since the feed rates are so high and these 
feed rates impact the size of both the feed system and ash-handling system, pilot-scale testing is 
recommended. A relatively inexpensive pilot test could save millions of dollars in unnecessary 
capitol and operating costs. 



8.6 Information on Vendor Technologies 

Information from other vendors consisted of company brochures and/or papers generically 
describing their technologies. In some cases, generic information was not available from a vendor; 
instead, a recent or proposed installation is described below. A summary of the major U.S. 
vendors for CFBC technologies is provided in this section. Details are provided in the vendor 
appendix. 

8.6.1 ABB Combustion Enpineering 

ABB Combustion Engineering built the Texas-New Mexico Power Company (TNP) plant in 
Robertson County, Texas. Consisting of two 165-MWe boilers, it is the largest CFB currently in 
operation in the United States (3). ABB feels its experience at TNP would allow it to scale up as 
large as 600 MWe. The main features of the boilers are the rectangular "pantleg" design, four 
refractory-lined cyclones, water-cooled fluid-bed heat exchangers (FBHEs), and drag chain fly ash 
conveyors. The plant has successfully been fired on Texas lignite (17 % ash and 33 % moisture) 
and petroleum coke, as well as blends of the two. 

The ash collected by the cyclones is returned to the combustor via refractory-lined, siphon 
seal pots. A portion of the ash is diverted through ash discharge valves into the FBHEs, which 
provide about 30% of the total heat duty in the system. The FBHEs operate at low velocities to 
minimize erosion and in a reducing atmosphere to minimize corrosion. Careful control of the 
amount of ash to the rear wall of the FBHEs regulates the finishing reheater steam temperature; ash 
to the front wall of the FBHEs allows control of the combustor temperature. 

8.6.2 Ahlstrom Pyro~ower 

Pyropower Corporation was selected to build two 230-MWe reheat boilers for the Turow 
Power Station in Bogatynia, Poland (4). The design fuel contains 44.0 % moisture, 19.8 % volatile 
matter, 13.7 % fixed carbon, and 22.5 % ash and has a higher heating value of 4190 Btullb 
(9745 Idlkg). The proposed plant will produce 1,47 1,700 lblhr main steam at 1985 psi and 
1005°F; 1,318,500 cold reheat steam at 386 psi and 585°F (307°C); and 1,318,500 lblhr hot 
reheat steam at 366 psi and 1005°F. All of the reheat surface is located in the backpass, and a 
patented reheat steam bypass system provides simple steam temperature control. The Pyroflow 
design uses a water-cooled combustion chamber and a refractory-lined cyclone. A nonmechanical 
seal is used to recirculate solids back to the combustor. Sulfur capture of greater than 90% is 
expected with limestone addition; ammonia injection will be used to control NO, emissions. 

8.6.3 Babcock & Wilcox 

The Babcock & Wilcox design is unique in that there is no primary cyclone; instead, an 
impact-type solids separator (U-beam separator) is employed at the furnace exit, followed by a 
secondary multicyclone (multiclone) further downstream (5). The majority of the solids recycle 
takes place in the furnace, with solids inventory controlled with the secondary separator. Second- 
generation U-beam furnaces, which increased the amount of solids recirculating internally, have 
been operational since 1990, and include the 226.000-lblhr Lauhoff Grain Plant in Danville, 
Illinois, and the 465,000 lblhr Ebensberg Power Company unit in Ebensberg, Pennsylvania. 



The third-generation of this technology has been tested at the pilot scale, with first 
commercial use scheduled for mid-1996. This boiler will generate 101,500 lblhr of steam at 
675 psig and 750°F (399°C). A reduced plan area in the lower part of the combustor will provide 
better mixing and entrainment, as well as an expanded turndown ratio. A multiclone dust collector 
between the superheater and economizer captures solids and returns them to the furnace. Final 
particulate collection is done with a baghouse. 

The EERC has experience with an impactor-type particulate collection device (PCD) used in 
its pilot-scale CFB. The collection efficiency was not as high as expected, so that a secondary 
collection device (a small cyclone) was added in series with the PCD. Deposition on the impactor 
surfaces was a problem, even with a low-ash fuel. The PCD in the pilot-scale CFB was replaced 
with a refractory-lined cyclone. 

8.6.4 Foster Wheeler 

Foster Wheeler (FW) is scheduled to start construction on a 250-MWe CFB for York County 
Energy Partners in Pennsylvania, expected to be operational by 1998 (6). A single boiler will 
produce 2,100,000 lblhr (953 MTIhr) of main steam at 2550 psig (17.58 MPa) and 1005 OF 
(540°C); 1,400,000 lblhr (635 MTlhr) of reheat steam at 442 psig (3.05 MPa) and 1005°F 
(540°C); and up to 400,000 lblhr (181 MTIhr) process steam to an adjacent papermill. This will 
be the world's largest CFB boiler. Limestone addition will be used to reduce SO, emissions by 
92%, and ammonia injection will control NO, emissions. A baghouse will control particulate 
emissions. 

Four high-efficiency steam-cooled cyclones collect the entrained fines and return them to the 
combustor via standpipes, J-valves, and a fluidized-bed Integrated Recycle Heat Exchanger 
(INTREX"") unit. Fluidizing air enters the bottom of the furnace through a directional air grid 
made up of single outlet nozzles. This horizontal air flow directs oversized particles to the bed 
drain. Bed ash exits the combustor through a fluidized-bed stripper cooler. A water-cooled 
division wall extends though the entire height of the combustor to provide sufficient heat-transfer 
surface. 

8.6.5 Tampella Power Comoration 

Tampella has developed an integrated cylindrical cyclone and loopseal (ICCL) which is a 
single water-cooled unit that replaces the cyclone, downleg, and loopseal of previous designs (7). 
The advantages of the water-cooled assembly include reduced start-up time (because of Iess 
refractory to heat); fewer expansion joints between the cyclone and the combustor; and increased 
heat-transfer surface. Eliminating the cone section of the cyclone allows for formation of normally 
spaced and manufactured membrane walls for the cylinder. The bottom of the cylinder consists of 
two annular regions; the inner region is a fluidized bed of collected solids in communication with 
the outer annular region via an underflow port. The outer annulus has overflow weirs by which 
overflow solids are transferred back to the main combustor. 

The ICCL is being incorporated into the design of a commercial 1.2-MMlb steamlhr unit 
scheduled for 1995 start-up; the customer anticipates reduced maintenance time with the integrated 
system. 
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According to COE decision, in the frames of COE Power Complex Rehabilitation 
Project at Bobov Dol T.P.P., an additional variant of fuel basis has been worked out 

- blended mixture of 1570000 t local lignites of Sofbas of average LHV = 6474 
kJ/kg and 1700000 t local sub-bituminous "Bobov dol" coal of average LHV = 

10492 kJ/kg. 

The experts of TOTEMA have performed the necessary additional evaluations and 
assessment and they ought to be applied in due from to the study, developed in 
January, 1993. The titles and numeration of the respective tables and sections are 

observed. 



I. FUEL BASE 

1.1. Problem statement 

The design fuel of Bobov Do1 TPP is high-ash, high-volatile coal from the Bobov 
Do1 mine with characteristics on received basis as follows: moisture 16-19 %, ash 
38-46 %, LHV 8800-1 17000 kJ/kg. This type of coal is most unfavorable for com- 

bustion because of the high content of the mineral mass and the inherent abrasive 
properties - both of the mineral mass and the ash. In the course of years. due to ex- 
haustion of deposits a well marked tendency is observed towards impairment of coal 
characteristics. 

Bobov Do1 coal cover quantitatively about 50 - 60 % of the plant needs. The rest of 
the required coal supplied to the plant is of various types - from lignites to anthra- 
cite, from local and foreign sources (mainly Ukrainian). As a matter of fact coal is 
insufficient, it is supplied irregularly and there is no long term agreemnt for coat 

supply with a suitable coal supplier. 

1.2. Operating effects 

The unfavorable effect of the fuel base has manifested itself yet in the initial period 
of plant operation: slagging of boilers, insufficient draft, intensive abrasive wearing 
out of convective heating surfaces and of components coal pulverizing systems and 
induced draft fans. This resulted in high fault rate of units, their maximum rating is 
limited to around 180' MW. For the previous five years about 80 % of the forced 
outages of units are due to boiler installations. For the first nine months of 1992 the 
units have been in operation 46 hours on the average with rating 200 MW. 

Properties of coal fired in Bobov Do1 TPP are environmentally unfriendly. Specific 
ash and specific sulfur are approximating accordingly 43.8 and 1.6 g / ~ ~ * *  are some 
of the highest for the local coal. 

1.3. Problem investigation 

The problem of the fuel base in Bobov Do1 TPP should be solved on a lasting basis, 
by selecting coal with suitable properties and by securing coal deliveries on the 
basis of long-term agreements. With this end in view we consider two possible ap- 
proaches: 

'An updated ordinance of the NEC dated 16/04/92 defines the maximum and the 
minimum ratings of the units respectively 180 and 140 MW. 
. . 

Related to low heating value of the fuel 



- find suitable coal to be supplemented to the main source - the Bobov Dol sub- 

bituminous coal; 

- find completely new, replacing fuel base; 

The second approach, although it may turn to be technically and economically ex- 
pedient, is for the time being unacceptable due to the serious social problems it will 
cause upon mines closing down. As a longer-term perspective it should not be ex- 
cluded. 

Coal that should be supplemented to Bobov Dol coal should meet the following re- 
quirements: 

- their properties should be compatible with those of Bobov Dol coal, i.e. they 
should correspond to the adopted technology of grinding and combustion. 

- have favorable environmental parameters, i.e. low specific sulfur and low specific 

ash; 

- be relatively cheap. 

In Bulgaria there is no such coal to meet these requirements and to suffice as quan- 
tity. Out of the local coal the most important types are lignites from Sofia field, they 
are among the most cheap in the country. However, the quantities output are not 
sufficient as supplementary fuel. Combined with Bobov Dol coal they may cover 65 
- 70 % of the plant needs. At present there is no consumer of this type of coal in 
the vicinity of the mines and so they are transported to the plants of Maritsa East. 
They might be a portion of the fuel balance of the plant but in combination with 
coal from another source. 

International market offers a wide range for selection of bituminous and anthracite 
coal, which require, however, grinding and combustion technology, different from 
the one adopted. Currently, only Indonesia and USA offer subbituminous coal 
which, judging by offers data, meets our requirements: high heating value, with 
practically no sulfur and ash and grinding characteristics approximating those of 
Bobov Dol coal. Quotation prices are acceptable, transportation expenses for de- 
livery to the plant should be added to them. Two itineraries have been studied: 

- by ship to the harbor of Burgas and by railway to the plant; 

- by ship to the Greek harbor of Thessaloniki and by railway through Greek and 

Bulgarian territory - to the plant. 

The study showed that it is disadvantageous to use foreign harbors because of the 

high taxes and the expensive transport through foreign territory. Data on transport- 



ation taxes have been submitted to us by Bulgarian State Railroads - Department of 
Marketing. Table 1.1. shows the prices* of imported and local coal free on plant .. 
referred, for comparison, to fuel equivalent . 

Prices of coal - Bobov Dol field and mines are formed on the basis of expenses 
made by mines without considering profitableness. Data are taken by the reports 
from the first nine months of 1992. 

As it is seen from the table the cheapest is coal from Sofia field and the most ex- 
pensive - coal from the USA. The latter should be considered as an alternative for 
securing the fuel independence of the plant. 

lndonesian coal is compatible and cheaper than Bobov Dol coal. 

1.4. Alternative solutions 

In the course of considering the fuel base of the plant three coal sources turned out 
to be suitable; the following combinations are possible between them: 

I. Bobov Dol and lndonesian subbituminous coal; 

II. Bobov Dol and lndonesian subbituminous coal and Sofia lignites; 

Ill. Sofia lignites and lndonesian subbituminous coal; 

IV. lndonesian subbituminous 

V. Sofia lignites and Bobov do1 sub-bituminous coal 

The portion of the various components in the various possible cases of the fuel base 
will be determined by economic, social and ecological factors which are difficult to 
predict by now. Table 1.2. shows the characteristics of the fuel bases formed on the 
basis of the assumption that local sources will participate in their heat balance with 
their entire output, specified for the purposes of power generation. These character- 
istics are an acceptable basis for comparisons, evaluations, calculations. 

The same table contains data on the hypothetical annual coal needs of the plant 
after the rehabilitation. For the sake of comparison forecast data have been taken as 
well data of the plant operation (for the period 1987 - 91 - the average power 
generation output is 2160.10~ KWlh, average rating - 165 MW). The forecast for 

'Prices are formed with exchange rate of lev and other currencies to US dollar by 
the end of December 1992. 
.. 

Fuel with low heating value 16 760 kJ1kg. 



Table 1 . I  

Local coal Imported coal 

Name and dimension Bobov Dol Sofbas Indonesia USA (PRB) 

Watcr,as received, % 15 54 23 26.2 

Ash,as received, % 45 14 0.9 5.1 

Sulfur, as received, Oh 1.6 I .2 0.09 0.29 

Volatile matter,water and ash free, % 50 60 ' 49 45 

LHV, Ufig  1 0?65 61 60 21 788 1 8?00 

Port of origin price, SJt o o 23 28 

Sea transport and taxes, Sit o o 16 12 

Total price, S/t - - 39 40 

Railway transport Bourgas-TPP, S,:t - - 4 4 

Railway transport Sofbas-TPP, S:'t - 1 - - 
Price free on TPP, Sit 2 1.25 6.35 33 41 

Price free on TPP, S/t.eqv 60.7 30.23 57.8 68.3 

Railway transport Thessaloniki-TPP, Sit - - 16.3 16.3 

Price free on TPP, Stt - 55.3 56.3 

Price free on TPP, S/t.eqv 74.4 87.4 



Table 1.2 
- -  - -- - 

Variants of fuel b s a  

Name and D~mension Bobov Dot Bobov Dd Softus Indonesia Bobov Do1 Bobov Dol 

(per 3 unw) Indonesia S o b  Indonma nowD Sotbas 

lndonah 

1 Thermal ratlo. % 37:63 37:11:46 17:83 100 6436 

2 Weight ratio. 5 55.45 40 30 33 45.55 100 52:48 

18.6 29.1 37 23 30.85 -.... 3 Water s rcrc~vd. % 

5 LHV, W/ltg 15448 12484 14748 21 788 11866 8554 

6 Average load, MW 3x151 3x1s 3x1 54 3x1 W 3% 165 3x1 54 

bet electric output, 

lhrnd MWh y 

Set specific consumption 

of h u t  1.. ,.$I!. kJ kWh 
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the annual power generation output after the rehabilitation is around 2190.10~* 
KWI~. 

For determining the specific heat of units data of turbine characteristics after their 
repairs have been used; gross efficiency of boilers for the present conditions has 
been defined based on tests carried out by TOTEMA in November 1992 and based 
on Table 3.1. The hypothetical change in power consumption for auxiliary needs 
after mills reconstruction, reconstruction of induced draft fans and recirculation fans 
commissioning has also been taken into account. These data are given for a forecast 
average rating 154 MW and for maximum rating 200 MW. 

1.5. Evaluation of cases 

The finding of a lasting solution of the problem with the fuel base will allow the 
adoption of lasting engineering decisions to adapt the installations to the character- 
istics of the fuel base and simultaneously eliminate some of their design drawbacks, 

having occured in the process of operation. 

For all cases of the fuel base the abrasive wearing out of economizers, of mills 
beater wheels and i.d. fans is expected to decrease, the systems for ash and slag 
removal, transportation and depositing will be facilitated and the environmental con- 
ditions will be improved. These results are directly dependent on the specific ash 
and the specific sulfur in the fuel, i.e. by the portions of the various components in 
the fuel base versions. If we take as a basis the proportions and the characteristics 
of Table 1.2. and the results of the study, for the evaluation and the selection of the 
fuel base version the following should be taken into account: 

- a larger portion of the lndonesian coal in the heat balance will cause the im- 
provement of the above-listed operational and environmental effects, as well as 
the lowering of fuel costs. 

- the norms on SOX emissions (worked out, to become effective after 1995) wilt 

be met only in the case of using lndonesian coal alone, or rather with a symbolic 
portion of local sources coal. 

- the reconstruction of the auxiliary boiler equipment and the electrostatic precipi- 
tators is principally the same for the four versions of the fuel base as well as for 
the coal presently being combusted. 

'In the third part of the study, the section Operation mode of units the annual avai- 

lability of installed capacity (3 units x 200 MW) is stated as 3300 - 4000 hours, 

average - 3650 hours; the average rating is approximately 154 MW. 



- the participation of Sofia coal in the possible cases of the fuel base requires ad- 

ditional investments for new coal handling plant. 

- for case V of fuel basis - blended mixture of local lignites and local sub-bitumin- 
ous coal all the advantages of utilizing the rest fuel base variants, containing im- 
ported low-ash and low-sulfur sub-bituminous coal are wasted and the problems 
of economizer tubes erosion, mill beater elements wearing out and i.d. fans ab- 
rasive wearing out, as well as the problems of systems for ash and slag removal, 
transportation and depositing will be aggravated and the environmental condi- 
tions instead of being improved will grow worse. 

- the reconstruction of the auxiliary boiler equipment in this case V is not the same 

with that (principally the same) for the rest four versions. So the adaptation of 
the units to utilization of fuel variant V excludes the future utilization of imported 
low ash and low sulfur sub-bituminous coal with the aim to reduce the SO2 
emissions (after 1995). to solve the problems of the ash depositing or to increase 
the power plant production in case of insufficiency of local coal - the hypotheti- 
cal annual coal needs of the plant after the rehabilitation are determined accept- 
ing relatively low annual utilization ratio of the installed capacity - 3650 h/year - 
which may not be confirmed. 

- the participation of Sofbas lignite in the mixture requires new electrostatic pre- 

cipitators, new coal handling and new i.d. fans. 

- the blended mixture of local coal is cheaper than all other coals. 

Taking into consideration these factors and the social elements we consider that the 
most realistic is the version with Bobov Dol and Indonesian coal; in a longer-term 
perspective Bobov Dol coal will gradually be substituted by Indonesian. 



II. COAL HANDLING PLANT 

2.1. Problem Statement 
.- - 

The problem is to secure unloading and mixing (in certain proportions) of two or 
three types of coal in compliance with the versions for the fuel base. 

2.2. Alternative solutions 

C a s e 1 - mixing of Bobov Dol coal and lndonesian coal 

The existing coal handling plant and the open coal storage area remain and are used 
for storing and mixing of the two types of subbituminous coal. This is possible be- 
cause of their similar physical characteristics (moisture, fraction composition et~. ) .  

The mixing is done by making a figure of mixture according to the well-known 
method, in the form of a sandwich. The proportions of mixing can be obtained by a 

suitable arrangement of storing and handling. 

The accuracy of this method is not high, but the boiler and its auxiliaries will be 

adapted for operation within relatively wide range of the characteristics of various 
mixtures. 

The following is required to implement this case: 

- Installation of another combined rotor equipment to process the figure "mixture". 

It is necessary also to reconstruct the coal handling plant, the installed rotor equip- 
ment and to improve the drainage system of the open coal storage area. 

C a s e 2 - mixing of three types of coal - Bobov Dol and lndonesian subbitumin- 

ous and Sofia lignites 

The existing coal handling plant and the open storage area remain and are used for 
storing and mixing the two types of subbituminous coal. This is possible because of 
their similar physical characteristics (moisture, fraction composition etc.). The mixing 
is done by making a figure of mixture according to a well known method in the 
form of a sandwich. The proportions of mixing can be obtained by suitable arrange- 
ment of storing and handling. 

To implement the case mixture the following is required: 

- Installation of another combined rotor equipment. 

It is necessary also to reconstruct the coal handling plant, the installed rotor equip- 

ment and to improve the drainage system of the open storage area. 



Acceptance and handling of coal from the Sofia field requires special measures due 
to its unfavorable physical characteristics: high moisture content, propensity to freez- 
ing, large grains. 

The following supplementary installations are envisaged: 

- tunnel for unloading - so that coal unloading will be possible in winter; 

- new wagon unloading area and new storage area for high-moisture coal; 

- new wheel dredger for handling the coal from the new unloading area; 

- two combined rotor machines for operation on the new storage area; 

- crusher for coarse and fine crushing; 

- rubber conveyor belts. 

- measuring and dosing equipment. 

The mixing and dosing of proportidns to obtain the desired blend of Sofia lignites 
and (from the new storage area) and the mixed Bobov Dol and Indonesia coal 

(from the existing storage area) is implemented by blending two flows of two dos- 
ing devices delivered from the USA. 

C a s e 3 - mixing of Sofia lignites and lndonesian subbituminous coal. 

The existing coal handling plant and the open storage area remain and are used for 
unloading and storing of lndonesian coal. A reconstruction of the installed combined 
rotor equipment is required as well as improvement of the drainage system of the 
open storage area. 

Acceptance and handling of coal from Sofia mines requires special measures due to 
coal unfavorable physical characteristics: high moisture content, propensity to freez- 
ing, availability of large lumps. 

The following supplementary installations are envisaged: 

- tunnel for unloading - so that unloading of coal is possible in winter; 

- new wagon unloading area for high moisture coal; 

- wheel dredger for coal handling from the new unloading area; 

- two combined rotor machines for operation in the new storage area; 

- crusher for coarse and fine crushing 



- rubber conveyor belts. 

- measuring and dosing equipment. 

The mixing and dosing of proportions to obtain the desired blend of Sofia lignites 
(from the new storage area) and the lndonesian subbituminous coal (from the exist- 
ing storage area) is implemented by blending two flows by two dosing devices de- 
livered by the USA. 

C a s e 4 - lndonesian coal only 

The existing coal handling plant and the open coal storage area are maintained and 
used for unloading and storing lndonesian coal. As the installed combined rotor 
equipment should be reconstructed the mounting of a new one is obligatory in all 
cases. 

C a s e 5 - mixing of Sofia lignites and Bobov do1 sub-bituminous coal 

The lignites of Sofia mines are of unfavorable physical properties - high water con- 
tent, propensity to freezing, availability of large lumps. The receiving storage and 
mixing of this coal in the existing coal handling plant is not possible. 

The existing coal handling plant and the open storage area remain and are used for 
unloading and storing of Bobov do1 coal. A reconstruction of the installed combined 
rotor equipment is required as well as improvement of the drainage system of the 
open storage area. The costs of the reconstruction are 900 000 USD. 

Acceptance and handling of lignites from Sofia mines is to be achieved in the sup- 
plementary installations, envisaged in cases 2 and 3, already discussed in TOTEMA's 
study in January. The costs for this variant are approximately 24 300 000 USD. 

A new sub-variant is proposed in case the lignites are transported crushed. The 
coarse crushing crushers drop out. The costs in this case are 22 900 000 USD. 

2.3. Evaluation 

Advantages: 

- No new coal handling plant and new storage area are required to be constructed, 

i.e. the investments are not large. 



Costs for case 1 

Name 

Equipment Instalation Supporting Total 

price costs costs 

USD UDS USD USD 

Combined rotor 
equipment - I' 3600000 800000 80000 4480000 

Reconstruction works - B' 900000 900000 

For one unit 

For the Power Plant 

' In all tables hereunder "I" stands for imported, "B" stands for manufacruted in 

Bulgaria. 

C a s e 2  

Advantages: 

- the acceptance and mixing of coal other than Sofia coal is possible; 

Disadvantages: 

- large investments are required for only 17 % of the fuel equivalent for the plant. 

- sophisticated technology is required; 

- unloading of Sofia coal will encounter difficulties in winter and extra production 
costs will be needed for coal defreezing. 

Costs 

According to a study of ENERGOPROJECT the construction of a new open unload- 
ing area, new open storage area and the required equipment for unloading, storing, 
crushing, transportation and mixing will amount to approximately 24 300 000 US $. 



Advantages: 

- Sofia coal will still have its market. 

Disadvantages: 

- Bobov Dol coal is eliminated; 

- large investments are required for only 17 % of the fuel equivalent for the TPP. 

- difficult unloading of Sofia coal in winter and extra production costs for coal de- 
freezing. 

Costs 

According to a study of ENERGOPROJECT the construction of a new open unload- 
ing area. new open storage area and the required equipment for unloading, storing, 
crushing, transportation and mixing will amount to approximately 24 300 000 US $. 

Advantages: 

- no additional investments are required; 

Disadvantages: 

- unfavorable social effect by the elimination of local coal. 

Costs for case 4 

Name 

Equipment Instalation Supporting Total 

price costs costs 

USD UDS USD USD 

Combined rotor 
equipment - I 3600000 800000 80000 4480000 

Reconstruction works - B 900000 900000 



For one unit 

For the Power Plant 

We recommend Case 1 of coal handling modification to be accepted. 

C a s e  5 

Advantages: 

- a possibility of using in future mixtures containing imported coal is provided. 

- cheep Sofia coal will have its market 

Disadvantages: 

- large investments are required; 

- difficult unloading of Sofia coal in winter and extra production costs for coal de- 
freezing; 

- sophisticated technology of mixing is required 

Costs: 

Name Equipment Installation Supporting Total 

price costs costs 

USD USD USD US0 

Reconstruction works - B 900 000 - 900 000 

Supplementary installation - I 24 300 000 

For the power plant 25 200 000 



Ill. STEAM BOILERS AND THEIR AUXILIARY EQUIPMENT 

3.1. Steam Boilers 
- 

3.1.1. Problem statement  

The problem is to adapt the steam boilers and their auxiliaries to the new fuel base 
and simultaneously eliminate design and engineering shortcomings having occured 
in the process of operation. 

3.1.2. Problem invest igat ion 

The units of Bobov Dol TPP are expected to continue operating in the underpeak 
zone of the loading chart of the power system, and the organization of coal homo- 
genization and coal mixing does not exclude the possibility to supply the boilers 
with nearly pure coal portions of each component. Hence, the steam boilers are ex- 
pected to operate in a relatively wide range of operational mode variation. In these 
conditions it is required to provide sufficient technical tools to master the most un- 
favorable combinations of loadings and properties of fuel. 

Heat calculations of the steam boiler together with the coal pulverizing system, 
aerodynamic calculations and design developments have been done to study the 
problem more thoroughly. 

Heat calculations have been done with the design characteristics of the installed 
heating surfaces, i.e. without modifications on them. The following has been as- 
sumed for the calculations: 

- Variation of the fuel characteristics within a very wide range: specific moisture 10 

- 36 g/MJ; specific ash 0.4 - 43.8 g/MJ; low heating value 10 265 - 21 800 
kJ/kg. 

- Variation of steam output of boiler from 60 %* to 100 %. 

- The grinding technology - with fan mills and gas drying is maintained. The mills 
are foreseen to be reconstructed or replaced by new, smaller ones. The required 
fan yield is defined for an average composition of version I of the fuel base with 

the condition that six mills should secure the maximum boiler rating 

'From the point of view of stable combustion for the first and fourth version 50 % 

rating is no problem. From the point of view of superheated steam temperature 

maintenance we are ready to consider the problem with the unit operating with re- 

duced pressure. However, due to lack of time these modes are not treated. 



Elliciency IS calculated upon LHV 

?4 Name and Dimension 

I Weight ratio. ./. 

2 Wartr,u raccived. % 

3 Ash,as rcccivcd. % 

4 Lt1V. kJ/kg 

5 Specific water. g/MJ 

6 Specific uh,  g/MJ 

7 Supcrhutcd sturn oulpul. l/h 

8 Eflicicncy (gross [ 

9 Fuel consumption. t/h 
I 

BobovDd 

100 

I 5  

45 

10265 

14.6 

43.8 

650 

88.36 

204.5 

I 

BobovDd 

Indonesia 

55 : 45 

18.6 

25.1 

15448 

I 2  

16.2 

650 390 

€9.22 87.98 

139 84.7 

II 

BobovDd 

Somu 

Indoncria 

4 O : W : U )  

29.1 

22.2 

12.486 

23.3 

17.8 

650 390 

88.51 87.60 

165.5 I05 

111 

SomV 

Indonesia 

45:55 

37 

6 8  

14748 

25 1 

4 6  

650 

88.87 

139.2 

I l l A  

Solbas 

Indonair 

65 : 35 

43.1 

9 41 

11845 

) 6 4  

7.9 

650 390 

87.88 87.35 

175.2 111.4 

I V  

Indonesia 

100 

23 

0.9 

21788 

10.5 

0.41 

650 390 

90.04 88.88 

92.8 59.4 

V 

Bobov Dol 

Solbas 

.- 

52 : 48 

30.8 

31.4 

8554 

36.1 

36.7 

650 

869 

272.8 





- For the whole range of variation of the fuel characteristics and the ratings of the 
boiler the temperature of coal and gas mixture at mills outlet will be kept within 

110' - 2 0 0 ' ~  through the number of mills (5 - 8) and by means of cold recircu- 
lation gases at mills inlet. Thus the design solution is restored which, due to vari- 

ous reasons, has not been employed. This approach is favorable for the reheated 
steam temperature maintenance as well under the mode of operation with the 
unfavorable combination of minimum rating and the best fuel. 

The results of the calculation are shown in Table 3.1. They underlie the conclusions 
on the operation of the boiler and its auxiliaries under the considered operational 
conditions and the guidelines for reconstructions. 

- The most important conclusion is that no reconstructions of the boiler heating 

surfaces are necessary. 

- Within the whole range of fuel base change the gross* efficiency is very good. 

the most economical combustion can be obtained with only Indonesian coal. 

- With maximum rating there are no problems to maintain the design temperatures 

of the superheated and reheated steam for the whole range of fuels. 

- With reduced rating the design temperature of the superheated steam is attained 

and underheating of reheated steam for the various types of fuel is approximately 
10 - 25' C. As a matter of fact boilers currently operate with about 25'~ under- 
heating. There exist possibilities of reducing the underheating and they will be 
represented in the course of problem detailed handling. 

Modifications are indispensable for the following installations: mills, classifiers, bur- 
ners, i.d. fans. Installation of new cold flue gases recirculation fans is required as 
well. 

Modifications of the mills, classifiers, burners for V variant of coal are of the same 
scope as for the rest of the fuel base variants, but are quite different. The installation 
of new cold flue gases recirculation fans is not necessary. 

The reheated steam temperature spray control is going to be realized between pri- 
mary and final reheater. 

The gas by-pass control of the reheated steam temperature ought to be rehabilitated. 

The costs for reheated steam temperature control are 20 000 USD per unit or 60 
000 USD for the Power Plant. 

related to low heating value of the fuel 



3.2. Burners 

3.2.1. Problem statement  

The problem consists in the following: with a fuel base selected to secure no-slag, 
stable and economical combustion process for the whole range of fuel base charac- 
teristics and boiler ratings. 

3.2.2. Problem investigation 

Pulverized coal burners of the boilers are direct-flow, multi-storeyed, oriented to- 
wards the furnace so that the firing is angle-type, tangential. This design of burners 
is the most suitable for the used type of coal. The burners are new, they were in- 
stalled in 1991 - 92, especially designed by TOTEMA and for Bobov Dol coal the 
problem of slagging has been solved. It is necessary to adapt the passages for the 
pulverized coal and gas mixture to the corresponding fuel base. If the variant with a 

portion of Sofia coal is adopted, the design of the burners has to be provided with 
adjustable dust concentrators, which give wider range of possibilities to adapt the 
burners to the coal characteristics. 

3.2.3. Alternat ive solut ions 

Two alternative solutions are proposed depending on the condition of the burners 
during the reconstruction. 

- new pulverized coal burners - in case the condition of the installed ones requires 
overhaul (for instance damaged refractory tips, damaged sealings etc.) 

- partial reconstruction of the pulverized coal burners the result of which will be 
the corrected sections for the pulverized coal and gas mixture. This version will 
be implemented if the condition of the burners is good. 

- for V variant of fuel base the only solution is with new pulverized coal burners 

with blade dust concentrator. 



3.2.4. Evaluation 
Costs for new burner system 

Name 

Equipment Instalation Supporting Total 

price costs costs 

USD USD USD USD 

Pulverized coal burners 280000 274400 54000 608400 

Control systems 60000 12000 4000 76000 

For one unit 

For the Power Plant 

Note: All costs are calculated as per prices by the end of 1992 and exchange rate 
of the lev per dollar 25:l. 

Costs for modified burner system 
- - - - - - - - 

Equipment Instalation Supporting Total 

price costs costs 

USD USD USD USD 

Name 

Modification of 8 burners 120000 6000 126000 

For one unit 

For the Power Plant 

Note: All costs are calculated as per prices by the end of 1992 and exchange rate of 
the lev per dollar 25:l. 



3.3. Mills 

3.3.1. Problem Statement  

The problem consists in the following: mills output and the characteristics of the 
pulverized coal should be adapted to the fuel base. 

3.3.2. Operat ing e f fec ts  

The installed mills have exclusively high output - they have been overrated yet in 
their design. This causes difficulries with temperature maintainance at their outlet 
despite the wide possibilities of discrete regulation - eight installed mills. The prob- 
lem gets more complicated by the unfavorable combination of minimum boiler rating 
and fuel of better rank: currently in such cases coal air is supplied to the mills which 
is most unfavorable as a solution. 

With this way of regulation the temperature of outlet gases is increased and the or- 
ganization of the air duty of the burners is disturbed. 

Mills classifiers produce extremely fine pulverized coal, with unsuitable grading 
characteristics; despite the several partial reconstructions, the problem still remains. 
The design of classifiers - symmetric, two-way, - is unsuitable for high volatile coal. 
Due to increased inner recirculation of pulverized coal power consumption is for 
grinding is high - approximately 17 KWh/t. 

3.3.3. Alternat ive solut ions 

Two versions are proposed for the mills: 

Case I - reconstruction of mills, including new beater wheel with a smaller width of 
blades, some engineering modifications of disks, modifications of the casing and the 
door. 

A new classifier is proposed - with low inner recirculation and suitable grading 
composition of the pulverized coal. 

The necessary reconstruction of the classifiers and the fan mills for V variant of fuel 

base is of the same scope as for the rest of the variants, but differs in details. 

Case II - completely new mill, new bearing assembly, new electric drive with lower 
power, new coupling. 

A new classifier is proposed - the same as in Case I. 

For both versions the bases of the mills remain the same. 



3.3.4. Assessment 

C a s e I - reconstruction of mill 

Advantages: 

- the required operating conditions with regard to output and characteristics of the 

ready pulverized coal are secured; 

- lower power consumption for grinding - around 9 - 10 KWh/t which is due to 
optimization of the classifier and the beater wheel. 

- reduced costs for adoption; 

Costs for reconstruction of mills 

Name 

Equipment Instalation Supporting Total 

price costs costs 

USD USD USD USD 

Reconsrtuction of mill 

completed with 

classifier-8 - B 640000 320000 80000 1040000 

For one unit 

For the Power Plant 

Note: All costs are calculated as per prices by the end of 1992 and exchange rate of 
the lev per dollar 25:l. 

C a s e II - new mills 

Advantages: 

- the required operational conditions with regard to output and characteristics of 
the ready pulverized coal are secured; 

- all installations are renewed; 



- lower power consumption; 

- possibilities to apply new design and engineering solutions. 

Disadvantages: 

- increased costs for adoption; 

Costs for new mills 

Name 

Equipment Instalation Supporting Total 

price costs costs 

USD USD USD USD 

New mills, completed 

with classifier - 8 - 6 960000 

Bearings - 16- 1 19200 

Electric motors - 8 - B 224000 
-- - - - - - 

For one unit 

For the Power Plant 

Note: All costs are calculated as per prices by the end of 1992 and exchange rate of 
the lev per dollar 25:l. 

3.4. Feedres and dosers 

3.4.1. Problem statement 

The installations for coal dosing and transportation within the boiler area have a 
number of design and engineering shortcomings: 

- Feeders are belt-type, they are not encapsulated and the design of coal feeder 

assembly to the mills does not allow to make a secure sealing. 

- In case of necessity of .repairs bunkers openings are isolated by bayonets. 



- There is no synchronization between the revolutions of dosers and feeders. 

3.4.2. Operat ing ef fects  

- Conditions are created for false air leakage in the coal pulverizing systems, the 
economy of the boiler is impaired, and the organization of the air duty of the 
burners is disturbed. 

- Heavy manual labor is used to ram the bayonets into their beds. 

- The activation of the rating automatic regulation is hampered. 

3.4.3. Proposed solut ion o f  the problem 

The following technical solutions are proposed: 

- Correct outlet openings of coal bunkers and install under them hydraulically 
driven slide-valve closings 

- Replace the system of chain-and-scoop dosers and belt feeders by new chain- 
and-scoop feeders-dosers with independent driving stations. 

3.4.4. Evaluation 

Advantages: 

- The leakage of false air into coal pulverizing systems is reduced and the econ- 

omy of boiler operation is improved: boiler gross efficiency is increased by 0.5 %. 

- The pollution on the premises is reduced. 

- Bunkers isolation for repair is fast and secure, without application of manual 
labor. 

Disadvantages: 

- Investments for adoption are required. 



Costs for feeders and dosers 

Name 

Equipment Instalation Supporting Total 

price costs costs 

USD USD USD USD 

Sliding valve,closings 

and hidranlics 64000 60000 40000 164000 

Feeders and dosers 320000 68000 388000 

Gear 320000 320000 

For one unit 

For the Power Plant 

Note: All costs are calculated as per prices by the end of 1992 and exchange rate 
of the lev per dollar 25:l. 

3.5. Induced draft fans 

3.5.1. Problem statement  

The problem is the shortage of draft for the maximum rating of the boilers. 

3.5.2. Problem invest igat ion 

This problem occured as a result of the inefficient operation of the electric precipita- 
tors and the intensive abrasive wearing out of i.d. fans. To facilitate repairs the plant 
has put into effect a series of compromise engineering solutions which make the ac- 
tual Q-H characteristcs and the efficiency of the i.d. fans very far from those in the 
design. 

Aerodynamic calculations that have been carried out, show that if the design version 
of the induced draft fans is restored and their design charactersistics are obtained, 
two fans in operation will secure the maximum rating of the boiler for fuel of the I, 

il and IV Case of coal; for Case ill it will be necessary to integrate the third i.d. fan 

as well. Three fans in operation can cover a fuel range of specific moisture up to 36 
g/MJ. 



3.5.3. Proposed solution 

The proposal is to restore the design construction for the following elements of the 
induced draft fans: 

- guiding apparatuses; 

- the profile of the operating blades; 

- the sealing between the rotor and the stator; 

- the lemniscate profile of the input section. 

It is necessary the existing i.d. fans to be replaced by new ones, of higher capacity, 
for V variant of fuel base. 

3.5.4. Evaluation 

Advantages: 

- The rating of the units is increased up to the nominal - 200 MW, i.e. by about 

20 MW. 

- Power consumption for auxiliary needs is reduced by about 0.5 % as a result of 
the increase of fans efficiency 

Costs for induced draft fans 

Name 

Equipment Instalation Supporting Total 

price costs costs 

USD USD USD USD 

Exhaust gas fan - 
modification 22000 12000 2000 36000 

For one unit 

For the Power Plant 

Note: All costs are calculated as per prices by the end of 1992 and exchange rate of 
the lev per dollar 25:l. 



Costs for new induced draft fans: 

Equipment Installation Supporting Total 
.- .- 

Name price costs costs 

USD USD USD USD 

New I.D. Fans 1 500 000 100 000 100 000 1 700 000 

For 1 unit - 3 i.d. fans 

For the Power Plant 

3.6. Flue gases recirculat ion fans 

3.6.1. Problem statement  

The problem is to maintain the temperature of the pulverized coal and gas mixture 
after mills within the required limits in compliance with the requirements of "Regula- 
tions for technical operation", for all boiler ratings. 

3.6.2. Proposed solut ion 

The proposal is to restore the design solution - cold flue gases to be supplied to the 
mills. 

Two fans are required to be installed with the following characteristics (with 

reserve) : 

flue gases flow 60 000 m3/h 

static pressure 120 kg/rn3 

operating temperature 1 50°c 

Fans will indraft flue gases from the gas duct at flue gas fans outlet and will supply 
them to the mills. The fans are envisaged to operate continuously to exclude the 
possibility of filling the ducts with ash. 



3.6.3. Evaluation 

Advantages: 

- The required duty of the mills and boilers is secured. 

Disadvantages: 

- Power consumption for in-plant needs is increased neglectably. 

Costs for flue gases recirculation fans 

Name 

Equipment Instalation Supporting Total 

price costs costs 

USD USD USD USD 

Fans completed with 

driving motors - 2 - I 78000 15000 

Gas ducts - B 12000 8000 

For one unit 

For the Power Plant 

The costs for mills, feeder, exhaust gas fans and cold gas recirculation fans are to be 
spent in all cases in order to improve the plant performance. 



IV. ENVIRONMENTAL DATA 

4.1. Problem statement 

The problem is to reduce the environmental pollutants - fly ash emissions, emissions 
of SOX and NOX down to the requirements set by our Nature Protection Regulations. 

4.2. Operating effects 

- pollution of the atmosphere above the permissible standards; 

- high content of particulates in flue gases and intensive abrasive wearing out of 
beater wheels of i.d. fans. The consequences are insufficient draft for nominal 
rating of units and increase of repair activities; 

- choking up with ash in the flue gases recirculation fan ducts in the direction of 

mills and as result - their demounting; 

4.3. Problem investigation 

Table 4.1. presents the standards on the maximum permissible eemissions (MPE) of 
fly ash, SOx and NOx emissions (related to standard conditions), approved in 1991. 

There is no permanent direct control in the TPP on the fly ash emissions and the 
emissions of NOx and SOX. Therefore during the problem investigation data used 
are taken from sporadic and indirect measurements and from calculations. 

The results from this approach are classified in Table 4.2. and handle the emissions 
for the present condition as well as the emissions for the four cases of the new fuel 
base. 

4.3.1. Fly ash emissions 

We have at our disposal a detailed investigation on the efficiency of ash precipita- 
tion of electric precipitators, carried out in 1983 and 1990 by ENERGOPROJECT. 
The data show very low efficiency and a very wide range of efficiency of ash pre- 
cipitation 86.3 - 97.8 %, depending on the technical condition of electrostatic pre- 
cipitators. The reasons for this are as follows: 

- Deviations of some of the assemblies from the design. The design envisaged ash 

bunkers under the electrostatic precipitators to be provided with hydraulically 
driven valve closings and isotop measurement of the level of ash. This system 

has been adopted, but according to data submitted by the plant, has not been in 



STANDARD NORMS FOR PERMISSIBLE EMISSIONS 

FOR BOILERS OVER 50 MW 

Table 4.1 A 

Standard until 1995 Standard after 1995 

Fuel mg/rn3 dry 6% oxygen mg/rn3 dry 6% oxygen 

dust SO2 NOx CO dust SO2 NOx CO 

Local coal 200 3500 lo00 250 100 650 600 250 

Imported coal 150 2000 1300 250 80 650 600 250 

STANDARD NORMS FOR PERMISSIBLE CONCENTRATIONS 

IN THE GROUND LAYER TOGETHER WITH ALL OTHER POLLUTANTS 

Table 4.1 B 

pollutant, m g l d  Single Constant 

Dust 0.5 0.15 



Table 4.2 - continuation 

Variants of fuel tusis 

I1 I11 IV 

Name and dimens~on Bobov Dol Bobov Dol S o h  Indonala Bobov Dol ~~b~~ 

Indonesia Sofbas Indonesia now Sobas 

Indonesia 

Emissions 

13 Eficiency of clavarutic 

precipitators, % 99.9 99.9 99.9 99.9 98. 99.9 

14 Fly ash emissions**. 

mum3 40. 42. 11. 1. 2059. 83. 

15 S Q  emissions", mg/m3 3260. 4J00. 21 SO. 233. 8360. 8260. 

16 N G  emissionsmm, mg/m3 605. - 
Cmud layer 

;oaccatratioas 

17 Fly ash. mk!rn3 0.003 0 . W  0.001 0.0001 0.16 0.008 

18 s*, mg/m3 0.142 0.1% 0.094 0.01 0.332 0.402 

Total p r  year 

(3 x 200 M W  - 4000 h) 

19 Fly ash, Vy 353. 393. 100. 9. 887. 

20 s@. YY 2W00. 40800. 19700. ZalO. 92%8 

under standard condilions; 
Om undcr standard conditions and dry 6% oxygen. 



1 able 4.2 

Variano of rtel buis 

I n 111 IV v 
Name m d  dimension Bobov Dol Bobov Dol Sofhs Indonesia Bobov Do1 Bobov Dol 

Indonaia Sobs Indoncria now Soibas 

- - 

1 Ratio by wcighk % 5545 40:M:M 4555 100 5050 

Fuel 

2 Water, rs received. % 18.6. 29.1 37. 3.. 

3 Ash,= racived, % 25. I 22.5 6.79 0.9 

4 Sulfur, zs rcccivcd. % 0.92 I .027 0.39 0.09 

5 LHV, W/Lg 1W. 1 2486 14748. 21 788. 

6 Fuel consumption, t/h 400. 496.5 417.6 278.4 

(per 3 boikn) 

Flue sues 

P 7 Outlet tcmpcrature. O C  150. I50 1 SO. 145. . .- 
8 Outlet cxccsr of 

air eff icient 1.5 1.5 1.5 1.5 

9 Outlet dry gas volume* 

(per 3 boilers), nm3/s 672. 690. 683. 640. 

10 OurJec gas volume, 

(per 3 boilers), m3h 11%. 1224. 1219. 308.1. 

11 Spaific weight* of flue 

g-, kg1m3 I .309 1.293 1.287 1.306 1.307 1.271 

12 Outlet flue gasa. kg's 945. 1 020 1012. 913. 1166. 1936. 

BEST AVAILABLE DOCUMENT 



operation. Regular counterweights are currently used as bunkers closings and 
there is no signalling of the level. 

- Electrostatic precipitators are in poor technical condition? deformation and break 
in discharge electrodes, which causes short circuit and disconnection of various 
parts, faults in rectifier units; 

- Aerodynamic variation of the gas flow at electrostatic precipitators inlet. 

Emissions of fly ash, specified for Bobov Dol coal with specific ash content 43.8 
g /MJ and under the highest registered efficiency of ash precipitation - 98 %, are 
2069 g/m3 (standard conditions), i.e. exceed approximately 10 times the norms up 
to 1995. To meet the standards for MPE of fly ash (after 1995) the required effi- 
ciency of ash precipitation is 90.19 - 99.76 %. The design efficiency of electrostatic 
precipitators is approximately 99 %, i.e. beside their conditioning to the technical 
parameters specified in the design, additional measures are required to guarantee 
higher efficiency of the ash precipitation. 

4.3.2. SOx emissions 

SOx emissions are determined on the basis of coal characteristics. In case of com- 
busting Bobov Dol coal alone, the emissions exceed 2.3 times the standard require- 
ments valid until 1995, and about 13 times the norms to be valid after 1995. For the 
proposed four cases of the fuel base (with average composition) the SOX emissions 
still exceed the standard requirements to be valid after 1995. An exception to this is 
only the case with purely Indonesian coal, where the emissions are significantly 
lower than those specified in the standards. For instance, for Case 1 it is possible to 
meet the requirements only in a proportion of Bobov Dol to Indonesian coal 10:90 

%. 

4.3.3. NOx emissions 

The latest measurements of NOx emissions are taken in November 1992 at unit 
No.2, in which pulverized coal burners, developed by TOTEMA are in operation. The 
results show emissions of 605 - 620 mg/m3 (related to standard conditions). 

There are enough reasons to consider that NOX emissions, as a matter of fact. cur- 
rently lower than those specified in the standards. 

- In case of combusting subbituminous coal the temperature level in the burner is 
low; 

- In the burners of TOTEMA the well-known from theory and practice measures 

for suppression of nitrogen oxides formation have been adopted: fuel drying with 



gases, step-by-step air supply along the burners height, increase of excessive air 
coefficient along the burners height, general low temperature level. 

- With the new fuel bases there is no reason the expect increase in emissions 

since the above-listed measures are complemented by a most efficient tool - flue 
gas recirculation. 

4.3.4. Ash depositing 

Ash depositing is currently done in the ash and slag dump area Suchoto Dere, 
which is filled up to its deign level 595 m. To solve the problem a superstructure is 
being erected up to elevation 610 m. 

4.4. Alternative solutions 

4.4.1. For the fly ash emissions 

To reduce the fly ash emissions below the limits of MPE it is necessary to improve 
the efficiency of ash precipitation by the following measures: 

- restore the design solution on the sealing of ash bunkers under electrostatic pre- 

cipitators; 

- introduce indication signalling of the ash level in bunkers; 

- improvement of the technical condition of the electrostatic precipitators; partial 
reconstruction of electrostatic precipitators. Two technical solutions are possible: 

C a s e 1 - reconstruction by adding another electrical field, to prolong the stay of 
flue gases in the active zone. 

C a s e 2 - reconstruction by way of increase of the active height of the electric 
field, which will reduce the velocity of gases from approximately 1.3 mls to about 
1.2 mls. 

C a s e 3 - for V variant of fuel base it is necessary to replace the existing electros- 
tatic precipitators by new ones, imported from Germany. 

The total costs for new electrostatic precipitators, evaluated by Energoproject, are 15 
000 000 USD. 

We propose the adoption of Case 1 as the easier for implementation. 



Costs for Electrostatic Precipitators 

Name 

Equipment lnstalation Supporting Total 

price costs costs 

USD UDS USD USD 

Electrical equipment 

of the whole precipitator 450000 184000 94000 728000 

Additional stage 120000 48000 32000 200000 
- 

For one unit 

For the Power Plant 

Note: All costs are calculated as per prices by the end of 1992 and exchange of the 
lev per dollar 25: 1 

4.4.2. For SOx emissions 

A possible solution to reduce SOX emissions down to the specified standard limits 
to become valid after 1995 is to increase the portion of the imported Indonesian 
coal in the fuel balance of the plant. 

The advantages of such a solution are obvious. 

Drawbacks - tendencies towards purposeful decrease of Bobov Do1 coal production 
and the ensuing unfavorable social effects. 

4.4.3. For ash depositing 

In 1985 a new ash and slag area - Karnenick - has been designed and preliminary 
construction works have already started. It will cover an area of 1036 dka and will 
have storage capacity 43.10~ m3 at elevation 685 m. It is intended to be filled up 
within 30 years. Service water supply machinery is envisaged for ash sluicing and 
depositing. The road bed of the transportation lines within the plant area will be 
changed so as to be linked with the new way to the ash and slag dump area. 

The design envisages the construction to be carried out in two stages. The updated 

general costs evaluation amounts to 2 829 000 US $. 



FUEL-SWITCHING RECOMMENDATIONS 

We are sending you the latest engineering assessments and proposals of 

TOTEMA submitted to the National Electric Company as well as the Feasibility Study 

on additional-\/ variant of the fuel basis for Bobov Doll P.P. - blended mixture of 1 

570 000 tones local lignites of Sofbas and 1 700 000 tones local sub-bituminous 

"Bobov Dol" coal. 

TOTEMA8s understanding is that the local Sofbas lignite is of very specific ash 

characteristics and is going to create problems when combusted in conventional 

boilers either alone or in blends with low ash coals. It will be useful to make a study 

for using this type of coal for retrofiring the aging boilers at Republics P.P. near to 

Sofia on the base of CFBC technology or to find some other application of this coat. 

The characteristics of Sofbas coals are as follows: 

Ultimate analysis (daf), %: 

C 65,47 - 67,72 

H 5.67 - 5.83 

0 22,75-24 19 

N 1.02 - 1.88 

S 1.44 - 2,98 

Ash (dry basis) 30 - 52 

Water (as received) 25- 57% 

Ash analysis. %: 

sio2 4-38 

A1203 3-22 

Fez03 1.5- 15 
CaO 20 - 70 
MgO 1 -4.5 

s 03 5-26 

Fusibility (DINIASTM), OC: 

1050- 1250 r 4 2 . 2 -  ZZb'C 

1120- 1400 p2>g1 - 255-3 

1150- 1400 ~ O Q  -- 15-w 



A PRACTICAL APPROACH OF TOTEMA OF SOLVING FUEL PROB- 

LEMS I N  BULGARIAN POWER PLANTS COMBUSTING LOCAL OR 

HlGH HEATING VALUE IMPORTED COAL USING HlGH PURITY COAL 



As it is well known the main power production utilities in Bulgaria are: 

- nuclear power plant; 

- power plants combusting local low-grade lignite and brown coals; 

- power plants combusting imported Ukrainian coal of high calorific value and 

low volatile content. 

Power plants in which local low-grade coals are combusted meet with permanent 

change for the worse of coal properties, due to the increasing amount of mineral 

matter, causing: 

- lack of equipment capacity (of mills, exhaust gas fans, ash removal systems, 

electrostatic precipitators etc.) and reduced output of the units; 

- intensive erosion of milling equipment and of the convective heating surfaces; 

- high ash emissions and ash disposal problems; 

The insufficient output of economically inefficient local mines ("Bobov dol", 

"Marbas") creates additional problems of shortage of local coals and of high net 

costs of the energy product. The power plants are forced to fire coal of various 

types, origin and properties. 

Finally, like a rule, the local low-grade coals are of high sulphur content. They 

produce high emissions of SOx and create local and cross-border environmental 

problems. 

The solving of the above mentioned problems requires expensive and time lasting 

reconstructions of the equipment and large investments for flue gas desulfuriza- 

tion, arousing installation problems difficult or practically impossible to be solved 

within the conditions of the already constructed TPP's. 

Most of these problems may be easily and successfully solved by means of ad- 

ding low sulphur and ash ecologically favorable high volatile subbituminous coal 

of high heating value and guaranteed properties from the international market.The 

proportion of blending local and imported coals ought to be defined according to 

the purpose - to meet current or future environmental regulations or to ensure 

enough coal for the power plant. This proportion could be widely ranged at one 

time or another. 

The adaptation of coal handling and boiler equipment in these cases is simple 

and relatively cheap. 



An example for solving the problems settled by the worsening coal properties is 

the project for conversion of "Maritza 3" P.P.'s 120 MW unit to new fuel base - 
blended mixture of local lignite and imported subbitumi~ous coal of high vo- 

latile~, low sulphur and relatively high heating value. It  has been realized by 

TOTEMA, after the successful realization of combustion tests in May 1993. On 

initiative of National Electric Company (NEC) and the executive body of the 

power plant the tests have been carried out combusting mixture of local low- 

grade lignite and imported Russian coal. The characteristics of the coals are 

shown in table 1. 

The proportion 611 has been determined in a way to reach the heating value of 

the fuel the boiler has been designed for. The tests show a possibility of increas- 

ing boiler MCR by -20%, boiler efficiency by -6%, although they have been car- 

ried out under poor condition of the boiler and the auxiliary equipment (just 

before the general overall).Some of the tests results are shown in table 2. 

A very attractive solution of local coal production shortage and mines economic 

inefficiency problems is proposed in the project for "Bobov dol" P.P. 210 MW 

units' conversion developed by TOTEMA in the frames of COE Power Complex 

Rehabilitation Project using environmental friendly HPC (high purity coal) from 

Indonesia as an additive to the local subbituminous coal. 

On initiative of NEC and "Bobov dol" P.P.'s executive body combustion tests 

have been carried out by the power plant's staff with the assistance of TOTEMA's 

experts in March 1993. Mixtures of 113 HPC and 213 local coals (by weight) 

and of 114 HPC and 314 local coals has been used (that's the necessary propor- 

tion to provide enough fuel for the power plant). The characteristics of the mix- 

tures are shown in table 1. 

The results are optimistic. They are shown in table 2. The design output of the 

boiler - 650 t l h  main steam flow rate has been maintained combusting blended 

mixture of local and imported HPC. 

The efficiency of the boilers combusting mixture is by - 4% higher than when 

combusting local coal alone. 

Both tests in "Bobov dol" P.P. and in "Maritza 3" P.P. have been done with the 

existing station instrumentation and controls, which generally are in poor shape 



and have not been calibrated. The boilers operate at reduced efficiency, inadequ- 

ate secondary air, a lot of air leakages and inadequate mill operation for the 

tested coal mixture. It may be therefore concluded that the results of these tests 

give only overall qualitative information and can not be used as accurate com- 

parative data on the basis of which to make economic comparison. 

From the tests, however can be concluded that with HPC and high volatile Rus- 

sian coal the units outputs are higher than with the local coals alone and the effi- 

ciencies are also increased. 

The conversion of the power plants to new type of fuel requires adequate blend- 

ing (coal handling addaption) and mills and burner systems reconstruction of 

relatively small scope. 

In both cases, apart from the main problem's decision a number of extra oper- 

ational advantages are manifested - reduced SO2 and ash emissions, reduced au- 

xiliary power consumption, reduced milling elements wear out, alleviated ash 

disposal problems, eliminated economizer tubes erosion. 

Conversion of the existing power plants to new fuel base secures the gradual 

subsiding of local insufficient and inefficient productions practically without social 

conflicts and interferences in power productions. 

Power plants, design to combust imported Ukrainian coal of high calorific value 

and low volatile content, are also in the scope of interest of TOTEMA. 

The high-rank coal type AUJ is nearly exhausted and currently the field yields 

mainly anthracite coal of high ash content. This coal remains basically for local 

consumption in Ukraine. The attempts of the Bulgarian government and COE to 

secure a long-term agreement for design fuel delivery from Donbas failed. 

Due to the grave difficulties in supplying TPP "Varna" with suitable coal in 1989 

the plant started firing natural gas to offset the coal shortage. At the same time 

TPP "Russe" and a number of smaller power plants in North Bulgaria are firing 

accidental deliveries Russian coals, of properties far different from the designed 

one suffering a lot of difficulties - lack of milling capacity, insufficient air and in- 

duced draft fans capacity, slagging, awkward bottom ash removing, explosions in 

coal pulverizing systems etc. Most of these power plants are situated in the 

towns or their close surrounding and provoke serios ecological problems. 



A project, developed by TOTEMA for BECHTEL in the frames of COE Power 

Complex Rehabilitation Project shows that a conversion to a new type of fuel - 
high heating value coals of low sulphur and ash content, from the international 

market - can be realized with not too much difficulties. As almost all boilers oper- 

ating on Ukrainian coals are with wet bottom and refractory covered lower part 

furnaces, the removal of the refractory offsets the necessity of additional radiant 

heating surface. A change over to direct firing and gas drying in order to prevent 

explosions and reduction of the temperature of the secondary air below 3 0 0 ' ~  in 

order to prevent early ignition of the pulverized coal in the furnace are necessary. 

HPC can to a large extent improve the environmental picture in these towns and 

their surroundings. A rehabilitation combined with conversion to new fuel base 

will provide secure and independent fuel supply and will solve both the ecologi- 

cal problems and the problems with the ash disposal. Besides a significant possi- 

bility arises to increase the static flexibility of the units lowering the technical 

minimum to 50% MCR. The environmental effect of the conversion for "Varna" 

P.P. and "Russe" P.P. can be seen in Table 3. 

The costs of the conversion are difficult to be determined as a large part of the 

equipment ought to be rehabilitated and it's difficult to separate both types of 

costs. 



Table 2 yL 
>-*. 

Bobov do1 P.P. Maritza P.P. '>.a! : ,-. 
B.dol B.dol + B.dol + Marbas Marbas + Marbas + ' 

H.P.C H.P.C. Russian Russian 

1. Number of mills in operation 

2. Generator load, MW 

3. Steam drum pressure, kg/cm2 

4. SH steam flow, t/h 

.5. SH steam temperature, OC 

6. SH steam pressure, kglcm 2 

7. DSP flow rate 

8. FW flow t lh  

9. FW inlet pressure kglcm2 

10. FW inlet temperature, OC 

11. Exit air preheater gas 

temperature. OC 

12. Air temperature, OC 

- Air preheater inlet 

- Air preheater outlet 

13. Efficiency, % 



1 2 3 4 5 6 7 
f-k 
\ %  

bJ 
P-% $ 
2;' 

14. Fuel analysis 

- Ash-dry basis, % 56.05 41.41 37.8 55.2 45.5 46.2 

- Water-as received, % 12.0 16.7 17.32 30.7 29.6 30.0 

- LHV, kJ/kg 9950 12990 3350 6340 8800 8670 

- sulphur - as received, % 1.6 1.25 1.1 2.3 - 2.6 

- local coal ratio, % 1 .OO 0.77 0.67 1 .OO 0.86 0.86 

- unburned in bottom ash, % 6.89 13.53 12.38 27.1 27.86 24.76 

- unburned in fly ash, % 1.93 1.31 2.16 4.68 4.57 4.63 

- unburned heat losses 

- bottom ash, % 

- fly ash, % 

15. Gas analysis at air preheater outlet 

- 02, % 8.84 8.34 8.15 4.3 9.6 8.2 

- SO*, m g / ~ r n ~ ;  6% 0 2  9007 6340 34.35 17680 - 15030 





Table 3 

.- - 

T.P.P. lfRusscll T.P.P. "Varna" 

Design H.P.C. Design H.P.C. 

coal coal 

I 
Ash emissions 80 t 194 5 ' +  13 290 15.7 

SO2 emissions 2500 s 6440 150 4080 232 



ENGINEERING ASSESSMENT OF THE POSSIBILITIES FOR CONVERSING 

"VARNA" P.P. TO NEW FUEL. 

In the Final Report for the Bulgarian Power Complex Rehabilitation Project 

it was proposed "Varna" P.P. to be converted to new fuel base - imported sub. 

bituminous or international steam coal of high volatile and low sulfur and ash 

content. 

TOTEMA has developed a feasibility study of boilers conversion to new fuel 

base. 

The coals discussed are of characteristics as follows: 

Water content (a.r. basis) - 8 - 26% 

Ash (a.r. basis) - 0.9 - 18% 

Sulfur (a.r. basis) - 0,09 - 0.9% 

Volatiles (d.a.f. basis) - hitgher than40% 

L.H.V. - 19-27M J lkg (4500-6400kcallkg) 

Two variants of boiler conversion are considered: 

- fast conversion of the boiler without rehabilitation; 

- full rehabilitation of the boiler and conversion to new fuel. 

The conversion to new fuel base - high volatile, "more convective" coals 

defines the following changes in boiler equipment: 

- gas drying pulverizing system; 

- dry - bottom furnace; 

- reduced air - heating surface; 

- increased economizer heating surface. 

The conversion to new fuel base solves in different extends (depending on 

the fuel chosen) the following problems of Varna P. P.: 

- sure, long-term contract deliveries of fuel; 

- reduced emission and imission of SO2, NOx and dust; no need of existing 

electrostatic precipitators replacement; no need of desulfurization system application; 

- reduced wear out of the heating surfaces and outages of the equipment. 

The scope of reconstruction is different in the two cases. 



In the "fast" variant the lower part of the furnace is reconstructed for dry 

bottom technology, the pulverized system is converted to gas drying and new 

classifiers are foreseen to increase pulverizers capacity; a part of the airheating 

surface is replaced with economizer. The price of the reconstruction is evaluated to 

be 2 225 000 USD. This variant could be realized in the frames of a prolonged 

general overhaul. This variant may be applied in case of lack of coal of proper ash 

characteristics for wet bottom combustion and necessity of emergency conversion of 

all the boilers of the power plant to the new fuel, or - as the rehabilitation of units 

NN 4,5 and 6 is foreseen for a later period - for their conversion to new fuel base 

before their rehabilitation. 

This variant in no case could be considered as an alternative to the second 

onefull rehabilitation of the boiler and conversion to new fuel. It is preceding, 

emergency, in the nature of a compromise. 

In the second variant the furnace is reconstructed for dry bottom 

technology and simultaneously is furnished with membrane water walls and 

new tangential firing combustion system. The pulverizing system is with 

medium speed ball-race or bowl pulverizers of direct-firing arrangement. 

The convective heating surfaces are reconstructed in the same way like in the first 

variant. For full boiler rehabilitation all boiler elements due for replacement according 

to the life assessment studies are foreseen to be replaced with new and meanwhile 

may be optimized. 

The costs for the conversion in this case is 10 497 000 USD. The costs 

foreseen for general overhaul of a boiler are about 2 716 300 USD. The costs 

necessary to complete full boiler rehabilitation are 2 875 200 USD. Summarizing the 

total costs for full rehabilitation of the boiler is 16 089 000 USD, not taking into 

consideration the new Automatic Control System. 

The benefits* of the conversion to new fuel base are evaluated as follows: 

r increased boiler efficiency - 594 000 USD (21 380 000 Iv); 

r redused outages as a result of wearing out of the heating surfaces - 
1 640 OOOUSD (59 040 000 Iv); 

increased flexibility in operation - 282 000 USD (10 140 000 Iv); 

r decreased auxiliary energy consumption - 267 000 USD (9 600 000 Iv). 

The cost of energy is accepted to be 0,03 USD/KWh and the annual 

availability of insfalled capacity a t  full load is 3 300 h. 



The necessary time to realize the full rehabilitation of the first boiler, 

considering design, deliveries, mounting and putting in operation is 18 months. For 

the next 5 boilers the necessary time is about 9 months for each boiler. 

It was approved that with 6 units on site, the change of fuel to a unit at a 

time or to a pair of units at a time is possible, firing different coals a t  the same site 

a t  the same time. 



ENGINEERING ASSESSMENT OF "BOBOV DOL" P.P. POSSIBILITIES TO USE 

BLENDED MIXTURES OF LOCAL AND IMPORTED COALS 

In the Conceptual Studies for Bobov Dol P.P. in the frames of TDP Project for 

COE Power Complex Rehabilitation the conversion of Bobo Dol P.P. to combustion of 

blended mixtures of imported and local coal is discussed. 

The conversion to new fuel base had been treated in the Project with the aim of 

long term providing the power plant with sufficient amount of coal of proper 

characteristics. Envirocoal had been considered to be of special interest from that point 

of view. 

To converse the power plant to new fuel-blended mixture of local and imported 

sub-bituminous coal it is necessary to realize the following: 

To create a possibility for good mixing of the two kinds of coal in settled 

proportions by installing a new combined rotor equipment - 4 480 000 USD: to 

reconstruct the existing combined rotor equipment and to improve the drainage 

system of the open storage area - 900 000 USD. 

To install two cold gas recirculation fans and the respective cold gas 

recirculation ducts to the fan mills - 113 000 USD. 

To modify the mills in order to reduce their ventilation capacity and the 

classifiers in order to make them adjustable - 1 040 000 USD. 

To modify the burners in order to adapt them to the reduced ventilation 

capacity of the mills 120 000 USD. 

To correct the outlet openings of the hoppers - 164 000 USD. 

To replace or modify the mill-feeders and to reduce the air leakages in the mill 

systems - 708 000 USD. 

To restore the design condition of the ID fans - 36 000 USD. 

The total sum of money, necessary to adapt one boiler 

installing of new rotor equipment). The full adaptation of the coal handling plant needs 
- -- 
j 4  480- O O ~ D  -(with installing of new rotor equipment). The repare works of the 
--L -- _-- 

existing coal handling plant need 900 000 USD. 

The above mentioned modifications are going to provide the followeng benefits: 



Boiler efficiency improvement by '- 3% - 1 611 751 USD/year. 

Energy consumption for milling reduction by - 7 kWh/t - 10 950 MWh - 
328 500 USD/year. 

Milling elements wear-out reduction prolongation of the operation period of 

milling element by - 1000 h - 98 275 USD/year. 

Economizers heating surfaces wearing out reduction by 60% - 207 000 

USD/year. 

Slagging elimination 

MCR of boiler increase to 200 MW - 58 000 MWh - 1 740 000 USD/year. 

Dust and SO2 emissions reduction. 



Energy & 
I 4) Environmental 

I 
Research 
Center 

APPENDIX C 

MATERIAL AND ENERGY BALANCE 
CALCULATIONS FOR PRESSURIZED 

FLUIDIZED-BED CONBUSTION OF MARITSA 
EAST BULGARIAN LIGNITES 
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PRESSURIZED FLUIDIZED BED COMBUSTION OF XAFtITSA EAST BULGARIAN LIGNITE 18-Jan-95 
EFFECT OF DRYING AND PASTING WATER ON HEAT DISTRIBUTION AND EFFICIENCY 

COAL MOISTURE AS IN-BED HEATIN-BED & HRSG GENERATING PERCENT GEN EFF FOR 
MOISTURE FED WITH TRANSFER, HEAT TRANSFER EFFICIENCY GENERATION GT ALONE 
DRIED .2/1 WATER %LHV %LHV %LHV IN GT %LHV 

ASH CONTENT 35.08% DRY BASIS 

COAL CLEANED TO 10% ASH CONTENT DRY BASIS 



CALCWXATION OF WORX EF?ICI- FOR A PPBC COBIBIWQ CYCLL 18-JIP-95 

CASE: BULGARIAN MARITSA EAST LIGNITE AS MI#P) AS LS, DRY 

XOISTURX 56.77% 63.97% 

ASH 35.08% 35.08% 

SULFUR 5.89% 5.89% 

STREAM: INPUTS TAKXN FROM W C E  SHEFFS A: MID B: CALCULATION OF DAS TURBINE WORK 

Syatom Proaaurm, psig 175 175 Gas Turbino Ifficioncy, % 

Turbino Inlot T~mraturo. F 1526 1526 GT Outlot T.np - Idoal, F 
Coal LBV, Btu/lb 11632 11632 GT Outlot T q  - Roal, F 
Maaa Gaa to Turbino, lb gas/lb MAP coal 16.21 16.21 Gas l'uxbino Inlot Enthalpy, Btu 

Heat fram in-bad Tubem, Btu/lb MAP coal 2408 2408 Gas Turbino Outlot Enthalpy, Btu 

Gas Turbine Inlmt Enthalpy. Btu 18507 18507 Gross -8 Turbino Work, Btu/lb %AP coal 

Gaa Turbine Outlot Enthalpy, Btu 22801 22801 Comprmmsor Inlot T.mp, P 

Conrprmssor Bfficioncy, % 

CALCULATION OF STEAM CYCLE WORK Comprmsmor Outlot T.mp, F 

Comprmssor Work, Btu/lb air 

Storm Turbino Efficirncy 88.00% Compre88or Work, Btu/lb W Coal 

Not O.8 Turbine Work 

LP ST TURBINE HP ST TURBINE 

WORK FROM HRSG 130Opsi/925P 2000psi/1000P 

Enthalpy of Wator Out of Conduuor, Btu/lb 68 6 8 

Heat T r ~ ~ s f o r  in tho HRSG, Btu/lb MAP coal 1971 1971 

Storm out of HRSG, Ib mto.n/lb HAF coal 1.42 1.40 

~nthaly Into Stmrm T u r b h ,  ~tu/lb 8t.u 1452 1474 

~nthalpy out of Storm Turbino, Btu/lb stom 889 871 

Work HRSG, Btu/lb stomr (real) 495 531 

Work HRSG, Btu/lb MAP Coal 706 744 

WORK FROM IN-BED =T TRANS- 

Enthalpy from In-Bod Tubas, Btu/lb MAP Coal 2408 

Stsun out of In-Bod Tubas, lb/lb EIAl coal 1.74 

Work HRSG, Btu/lb storm (r0.l) 495 

Work from In-Bmd Tubos, Btu/lb MAP Coal 862 

CALCULATION OP TOTAL WORK AND m I C I m  

Gas Turbino Work, Btu/lb %AP coal 

Work HRSG, Btu/lb U&? Coal 

Work from In-Bod Tubes, Btu/Ib lllV Coal 

~ o t d  Work into Olprrator, Btu/lb MAP Coal 

Sy~trm Gumrating Efficiency (LHV) 

Systom Gonmrrting lLfficioncy (REV) 

Symtrm Gon. Eff. for Gas Turbino Alono (LEV) 

Pct Work from 018 Tubinm 

Pct Work fram HRSG 

Pct Work from In-Bod Hoat Tr8n8f.r 

MlNIMIEI OF IN-BED HEAT TRANSPER REQUIRlID TO M A N X  SUPHIHUT AT 1000 P 

mthalpy o f  Starm from XWG, Btu/lb Starm 

M.8. of Stmrm out of HRSG, lb/lb M u  Coal 

DELH to 1000 F, Btu/lb WAlr Storm 

DELH to 1000 F, Btu/lb W Coal 

1211 2000 prig, 700 F 

1.40 

233 

327 



MASTER S P m  S m  FOR EX&T AND MA- m: FILE OTHOTHWBL.lfK3 18-Jm-95 

HEAT AND ~~ BALaNas ARR CALCULATED FOR USER rmw'rs AND OvrPVrS. 
CASE FOR PFBC OPRRATION ON MARITSA ELST LIOIIITR WITH ADDITION OF LIWSTONR AT C&/S13 AND 95% SULFUR CONTROL 

THIS BASE CASE IS USED FOR CCgIPUTING EF?ECl'S OF VARIATION IN COAL MOISTURE AND ASH C(MTIMTS. 

NON-SULPATED L-ST- IN THE BED DRAIN IS ASSUblPIB) TO BE 100% CaC03 

CASE SPECIFIC PARAEIETKRS: USER SELECPKD BASIS: 1 lb W COAL 

- - - - - - - COAL ANALYSIS - - - - - - - - - 
AS WIWED MOISTURE 56.77% 
MOISTORR, AS RUN 63.97% XW C 67.27% IN-BW HEAT TRAN- CALCOLATgD RATIOS FOR C-STION OR GASIFICATION 
SLURRY FEED, H 5.56% SFRR AS % OF COAL C IN STREAn 1 VS 02 OR STSAX IN 2.3,OR 4. 

ASH, DRY BASIS'2/1 35.08% 0 20.09% HEAT VALUE, TO BE MOLE RATIOS: 02/C 1.469 
S 5.89% EITHlLR SPECIFIED STEAEI/C 0.000 

H/C RATIO IN C/TAR 0 N 1.19% OR CALCULATED USING STSAX/O2 0.00 
mCR0 ALT-T: W S  RATIO: S T W / O 2  0.00 

% PYRITIC SULFUR 33.00% W TOTAL 100.00% 20.70% CALCULATED 

CCUdBUSTION PARAEIETKRS: 
EXCESS AIR, % 25.00% 
C BURNOUT, % 99.00% 

SULPUR CONTROL P-ERS: 
SO2 RmmlAL (SOZRm4) 95 .OO% 
Ca/S RATIO (CASRATIO) 3 .OO 

NOx EMISSION 
0.2 lb NO/m BtU 

STREAM NO: 1 2 3 4 
INPUT INPUT INPUT INPUT 
COAL STOICE AIREXCESS AIR LmSTDNE 

5 
OWrPIPT 

ASH 

6 6 
OIITPUT- 

PHC DATA ADJVSTED 
PRODUCT GAS 
S m  6 

MASS. 
F.C.3.b F.C.3.b F.C.lb F.C.lb 

/ T E i  
MASS 

F,C,lb F.C.3.b 

WET GAS DRY GAS 
ANALYSIS ANALYSIS 

M o l .  % -1. % 

HZ00 
HZOL 
N2G 
NCOAL 
026 
HZG 
C/TAR, SPECIFY H/C 
SULF[TR 
PYRITE 
S2G 
COG 
COZG 
SO20 
NOG 
NO20 
CH4G 
HZSG 
NH3G 
COSG 
FEZ03 
C.0 
CaC03 0.5526845 0.3776677 

:3;7:?) 
CaC12 (1) 
ca (OH) 2 
C.S 
CaSO4 
CaS03 
XWCOAL 1 
ASH 0.5404 
AVERAGE STREAM bW - - - - - - - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
KNTBAtPY BALANCE, Btu -18806 2636 659 -2821 2534 18206 (2401) 0 

IN-Bm NET 
HEAT LOSS IN COAL ASH 1.737% EX&T 

TRAWSPXR 
NET HEAT LOSS DUB TO ADDITION O? SO2 SO- 0.31% 



CALCULATION OF ENTHALPIES FOR THE GAS 
TURBINE INLET AND OUTLET AND THE HRSG OUTLET 

BULGARIAN MARITSA EAST LIGNITE 18-Jan-95 

STREAM NO: 

TEMP, F 
TEMP, C 

H20G 
H20L 
N2 G 
NCOAL 
026 
H2G 
C/TAR, SPECIFY H/C 
SULFUR 
PYRITE 
526 

NOG 
N02G 
CH4G 
H2SG 
NH3G 
COSG 
FE203 
CaO 
CaC03 
CaM (C0312 
cach s 1 
CaC12 1 
Ca (OH) 2 
CaS 
CaS04 
caso3 
MAFCOAL 
ASH 
AVERAGE STREAM MW - - - - - - - - - - - - - - - - - -  
STREAM ENTHALPIES, 

omp& 
GT out 

omp& 
STACK 

TEMP/ TEMP/ TEMP/ 
MASS MASS MASS 
F,c,~$ ~,c,lb ~,c,lb 

TOTAL FLOW, 
H 
a 



Effect of Moisture in Coal Feed on PFBC Performance 
Calculated for Maritsa East Bulgarian Lignite 

0% 
0% M%o 20% 3@%0 409'0 50% 60?'0 7w0 

Moisture Content as Fed Including Pasting Water, wt% 

_, System Generating Efficiency, % + Percent of Generation in Gas Turbine 

+ Generating Efficiency for GT Aione + Heat Transfer to Steam In-Bed & HRSG 
Low feed moisture content requires dry feeding because of moisture reabsorption in slurry. 



Computed Effect of Coal Moisture on In-Bed Heat Transfer 
Calculated for Pressurized Fluidized Bed Combustion of Maritsa East Lignite 

L 
t 2  

2 2 
E 3= 5Wo - 
b Ll 
u 
a a 

5 8 
a LU q ; - -  
C 
Y 

3Wo - 

2Wo I I I I I 

0% 10Q/o 20?&0 30%~ 40% w z o  t w o  
Feed Moisture Including Pasting Water, wt% 

__, 35% Ash 5.9% Sulfur + 109% Ash 5.Wo Sulfur 

+ 35% Ash 3% Sulfur ++ 10% Ash 3% Sulfur 



Computed Effect of Coal Ash Content on Heat Loss and In-Bed Heat Transfer 
Calculated for Pressurized Fluidized Bed Combustion of Maritsa East Lignite 

25% 

1.5% - 

1.0% - 

0.5% - 

wo lo% 2wo 30% W o  
Coal Ash Content, wt% dry basis 

+ Sensible Heat Loss in Ash, % of Coal LHV 

+ In- Bed Heat Transfer, % of Coal LHV 
Coal moisture is 56.77% and sulfur is 5.89% daf. 
Simulation is run for slurry feed with 2Wo pasting water. 



Computed Effect of Coal Sulfur Content on Heat Loss and In -Bed Heat Transfer 
Calculated for Pressurized Fluidized Bed Combustion of Maritsa East Bulgarian Lignite 

0.6 38% 
C 
0 .- u -- 
a 0.5 37% 
2 

0.0 31% 
W o  1% 2% 3% 4% 5% 6% 7% 8% Wo 1W o  

Coal Sulfur Content, wt% daf 

+ Net Heat Loss Due to Limestone Addition, %LHV 

+ In- Bed Heat Transfer, %LHV 
Coal moisture is 56.77% and ash is 35.08% dry basis. 
Simulation is run for slurry feed with 20% pasting water. 
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APPENDIX D 

MATERIAL AND ENERGY BALANCE 
CALCULATIONS FOR GASIFICATION OF 

MARITSA EAST BULGARIAN LIGNITES 

- Entrained-Flow,Dry Feed 
- Entrained-Flow, Slurry Feed, Single Stage 
- Entrained-Flow, Slurry Feed, Two Stage 
- Fluidized-Bed, Oxygen-Blown 
- Fluidized-Bed, Air-Blown 
- Moving-Bed, Dry Ash 
- Moving-Bed, Slagging 

Printed on Recycled Paper University of North Dakota 



- Entrained-Flow, Dry Feed 

Pr~nted on Recycled Paper 



MAS= SPREAD SECET FOR HEAT M D  mTHLTAL -S: FILE W - m . W K 3  20-Jm-95 

m T  AND X k m  W Q S  ARE CALCDLA- ?OR USPR Dm- INPUTS MID OUTPUTS. 

CASE FOR GASIFICATION OF BVLOARfAH LIGUITE IN A DRY-- --IMII( GMIFIER FRCM XPRI REPORT TR-102034. 

TEIS BASE CASE IS USKD FOR CCWPllTIXG m C T S  OF VARIATION IN COAL KOISTDRE, ASH MID SVLFUR m S .  

IN CALCUTATIONS VARYING COAL MOISTURE, ASH OR SVLFUR, O N G m  IS INCRXUKD TO NaIHTAIlJ CONSTANT H I T  TIWPWTORE. 

BASE CASE P-: US= SPZECTED BASIS: 1 lb MAF COAL 
- - - - - - - C w A N A L y S I S - - - - - - - - -  

KOISTIJRE, AS RUN 10.00% MU? C 67.27% REACTOR HEAT LOSS CALCULAm RATIOS FOR C-USTION OR GASIFICATION 
H 5.56% AS % OF COAL HEAT C IN STREAM 1 VS 02 OR ST- IN 2.3,OR 4. 

ASH, DRY BASIS 35.07% 0 20.09% VALVE. TO BE KOLERATIOS: 02/C 0.459 
S 5.89% EITHHI SPECIFIKD STEAM/C 0.000 

H/C RATIO IN "TARm 0 N 1.19% OR CALCDLATHl USING STEW/02 0.00 
MACRO ALT-T: MASS RATIO: STERM/O2 0.00 

% PYRITIC SOLFUR 33.00% MAF TOTAL 100.00% 1.54% CAL-TKD 

STREAK NO: 

STREAM 
PARAMETERS 

1 2 3 4 5 6 6 
INPUT INPUT INPUT INPUT OUTPUT OUTPUT- PRODUCT GAS 
COAL OXYGEN NITROGEN SLAG PER DATA ADJ'USTKD STREAM 6 

TQ4P/ =i WETGAS DRYGAS =/ TEMP/ yy& =i 
MASS, MASS ANALYSIS ANALYSIS 
~.c.lh ~.c.lh ~,C.lb F.C.lb F.C.lb F.C.lb F.C.lb m l a %  nola% 

TEMP, F 70 300 7 0 2500 2500 
TEMP, C 

H2OG 0.055 0.225 12.7% 
H2OL 0.1711 0.0% 
NZG 0.049 0.093 0.153 0.153 5.6% 6.4% 
NCOAT. 
020 0.8240952 0.0% 0.0% 
H2 G 0.053 0.046 23.4% 26.7% 
C/TAR, SPECIFY H/C 0.005 
SULFDR 0.0031176 
PYRITE 
S2G 0.0% 0.0% 
COG 1.617 1.404 51.0% 58.4% 
C02G 0.116 0.241 5.6% 6.4% 
SO20 0.0% 0.0% 
NOG 
NO20 0.0% 0.0% 
CE4G 0.0005 0.0005 0.0% 0.0% 
E2SG 0.0593 0.0593 1.8% 2.0% 
NIUG 0.0005 0.0005 0.0% 0.0% 
COSG 0.0% 0.0% 
FEZ03 
MAPCOAL 1 
ASH 0.5401 0.5401 100.0% 100.01 
AVERAGE STREAX BlW 
___________________--------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -*------ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

KNTHALPY BNANCE, Btu -2052 146 12 0 -319 2391 (179) 0 
GASIFIER HXT 
HEAT LOSS EHTBALPY 

BALMICE 
LEV DRY GAS, Btu/scf @ 60 F w. tar 289 w/o tar- 289 

LEV MOIST GAS, Btu/scf @ 60 F w tar 253 w/o tar- 253 

PERCENT OF GAS HEATING VALW IN HZS 4.37% 4.37% 

LEV DRY GAS, Btu/scf O 60 F W/O HZS 277 277 

LHV MOIST GhS, Btu/scf 0 60 F w/o HZS 242 242 

HEAT LOSS IN ASH, % of coal LEV 2.56% 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
MATERIAL BALANCE %ERROR, BAL/STRWL 6 

#MOLES H 0.07461 0.00000 0.00000 0.00000 0.00000 -0.07461 0.00% 
#bIOLES C 0.05606 0.00000 0.00000 0.00000 -0.00042 -0.05564 0.00% 
#MOLES 0 0.02206 0.05151 0.00000 0.00000 0.00000 -0.07357 0.00% 
#MOLES S 0.00184 0.00000 0.00000 0.00000 -0.00010 -0.00174 0.00% 
#MOLES N 0.00085 0.00350 0.00664 0,00000 0.00000 -0.01099 0.00% 
W S .  # 1.71124 0.87310 0.09300 0.00000 -0.54824 -2 .I2910 0.00% 



Computed Effect of Coal Moisture Content in a Dry-Feed Entrained-Flow Gasifier 
Calculated for Maritsa East Bulgarian Lignite at 1371 C (2500 F) Exit Temperature 

400 0.8 

0 0 
0% 10% 20% 30Q/'o W o  5Wo a%o 

Coal Moisture Content, wt% as fed 

_, Oxygen/Carbon + Gas LHV w/o H2S 



_, O2/C at 57% Moisture _, Raw Gas LHV at 57% Coal Moisture 

Computed Effect of Coal Ash Content in a Dry-Feed Entrained-Flow Gasifier 
Calculated for Maritsa East Bulgarian Lignite at 1371 C (2500 F )  Exit Temperature 

+ Raw Gas LHV at Wo Coal Moisture 

350 

300 

%I ' o 250 
s 
Ll 

3 3 200 
s 
5' 3: 150 
Ll 
V1 ' 100 4.  

?$ 
d 

50 

0 
o%o 1Wo 2Wo 30% W o  

Coal Ash Content, wt% dry basis 

- 
n n n 

Y n Y n rn - Y Y 
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25 
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Computed Effect of Coal Sulfur Content in a Dry-Feed Entrained-Flow Gasifier 
Calculated for Maritsa East Bulgarian lignite at 10% moisture and 1371 C (2500 F) gas temperature 

8% 40 

wo 0 
0% 1% 2% 3% 4% 5% 6% 7% 8% 9% lm 

Coal Sulfur Content, wt% daf 

+ H2S % of LHV, Entrained Flow + H2S in Raw Product Gas, ppm v/v 



- Entrained-Flow , Slurry Feed, Single-Stage 

I 
I 

Prlnted on Recycled Paper 



MASTER SPREAD S m  FOR EPAT AMD lRTERIAL BIILIWCLS: F I L E  IPSIMIII)L.#IO 1 9 - J u t - 9 5  

HEAT AW MA- BALANQS ARE FOR USER D E l r m  INPUTS AW OUTPUTS. 

CASE FOR GASIFICATION OF m T S A  l U S T  B- L I m T E  I N  A SLURRY GASIFIER ADAl?TH) PRCCI KPRI RPPORT TR-102034.  

CONDITIONS REPRES- ARX TO RESlBIBLE TEOSE OF A TEIACO GASIFIER OPHUTING ON MARITSA W T  L I m T E .  

THIS BASE CASE I S  USED FOR COMPUTING m C T S  OF VARIATION I N  COAL M O I S m .  ASH AW SULFUR C-S. 

I N  ~ ~ T I O N S  VARYING COAL MOISTURE, ASH OR m, OXYGEN I S  INCREASED TO WUNTAIN CONSTAHT H I T  -Hum. 

BASE CASE PA-: 
MAF COAL I N  SLURRY, 0:  3 9 . 2 7 %  - - - - - - - COAL ANALYSIS - - - - - - - - - SLURRY WATER/- COAL, 0:  3 2 . 2 5 %  

MOISTURB, AS RUN 2 0 . 0 0 %  M W  C 6 7 . 2 7 %  REACTOR HEAT LOSS CALCULATED RATIOS FOR C0338USTION OR GASIFICATION 
H 5 . 5 6 %  A S % O F C O A L H E A T  C I N S ~ l V S 0 2 O R S T E A M I N 2 . 3 . O R 4 .  

ASH, DRY BASIS 35 .08% 0 2 0 . 0 9 %  VAGW, TO BE MOLE RATIOS: 0 2 / C  0 . 6 1 2  
S 5 . 8 9 %  E I T 5 R  SPECIFIED S m / C  0 . 0 0 0  

E/C RATIO IN "TAR" o N 1 . 1 9 %  OR CALCULATED USING s m / o 2  0.00 
MACRO ALT-T : MASS RATIO: STEAM/02 0 . 0 0  

% PYRITIC SULFOZ 3 3 . 0 0 %  MAF TOTAL 1 0 0 . 0 0 %  1 .504SPECIFIED 

STREAM NO: 1 2 3 
INPUT INPUT INPUT 

COAL OFlGEN SLURRY HZ0 

4 5 6 6 
INPUT OUTPUT OUTPUT- 

SLAI: PER DATA ADJUSTED 
PRODUCP GAS 

ST- 6 

TEMP/ TEMP/ T S i  
MASS. MASS 

F , C , l b  F , C , l b  F , C , l b  

WET GAS DRY GAS 
ANALYSIS ANALYSIS 

Mol. % Mol. % 

TEMP, F 
TEMP, C 

H20G 
Ha OL 
N2 G 
NCOAG 
02G 
EZG 
C/TAR, SPECIFY E/C 
SULFUR 
PYRITE 
S2G 
COG 
COZG 
SO20 
NOG 
NO20 
CE4G 
HZSG 
NE3G 
COSG 
FEZ03 
MAFCOAL 
ASH 

TOTALS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ENTaALPY BALANCE, B t u  - 3 4 5 0  1 9 3  - 4 0 5 7  0 ( 1 7 4 )  - 

GASIFIER 
HEAT LOSS mTEALPY 

BALaNcB 
LHV DRY GAS, B t u / a c f  @ 6 0  F wit3 fa2 2 2 6  w / o  tar- 

LHV MOIST GAS, B t u / s c f  B 6 0  F with tar 1 3 5  w / o  tar- 

PERCENT OF GAS HEATING VAGW I N  HZS 5 .88% 

LHV DRY GAS, B t u / a c f  @ 6 0  F w / o  EZS 2 13 

LHV MOIST GAS, ~ t u / s c f  O 6 0  F W/O EZS 1 2 7  

HEAT LOSS I N  ASH, % o E  coal LEV 2.57% 

MATERIAL BALAWCE 
#MOLES E 
#MOLES C 
#MOLES 0 
#MOLES S 
#MOLES N 

MASS. # 



Computed Effect of Coal Moisture in a Slurry- Feed Entrained - Flow Gasifier 
Calculated for Maritsa East Bulgarian Lignite at 1371 C (2500 F) Exit Temperature 

300 120550 

0 wo 
o%o 1wo 2wo 3Wo w o  60% 

Coal Moisture Content, wt% as fed 

+ Feed Slurry Solids + Gas LHV wlo H2S + OxygenICarbon 
Calculated for conditions resembling a Texaco gasifier. 



- Entrained-Flow, Slurry Feed, Two-Stage 

1 Pnnted on Recycled Paper 



MASTER SPREAD FOR HEAT AND lRTlIRIAG -: FILE lWS2NBBL.NK3 1 9 - J m - 9 5  

HEAT W MA- ARE CALC!UIATH] FOR USER D-IHH) INPUTS AND OUl!PUTS. 

CASE FOR GASIFICATION OF XhRITSA EAST B U '  L I m T E  IN A TWO-STAGE SLURRY-- --IU3W GASIFIIR 

CONDITImS RES-LB A DESTXC TYPE GASIFIm OPKRATING ON XhRITSA EAST L I m T E ,  ADAPTH) FRCW EPRI REPORT TR-102034. 

TEIS BASE CASE I S  US= FOR C-ING EFPEmS OF VARIATION I N  COAL MOISTURE, ASH AND SULFUR C-S. 

I N  CALCULATIONS VARYING COAL MOISTURE, ASH OR SULFUR. O N G m  I S  =-ED TO MAINTAW CONSTANT =IT W m T U R X .  

BASE CASE PARAMETERS: SLURRY DRY'SOLIDS, %: 61.44% 
MAP COAL IN SLURRY %: 39.89% - - - - - - - COAL ANALYSIS - - - - - - - - - SLURRY WATKR/IUW COAL: %: 30.20% 

MOISTURR, A S  RUN 20.00% MAP C 67.27% REAmOR HEAT LOSS CALCULATH] RATIOS FOR C-USTION OR GASIFICATION 
H 5.56% AS%OPCOALHEAT C I N S T I t E A M l V S 0 2 O R S T X A M I N 2 , 3 , O R 4 .  

ASH, DRY BASIS 35.08% 0 20.09% VALUE, TO BE MOLE RATIOS: 02/C 0.521 
S 5.89% EITHKR SPECIFIm STEA%/C 0.000 

H/C RATIO IN "TARm 0 N 1.19% OR CALCULLTB) USING STEA16/02 0.00 
HACRO ALT-T: MASS RATIO: STEA16/02 0.00 

% PYRITIC SULFUR 33.00% MAP TOTAL 100.00% l.SO%SPECIPID 

s- NO: 1 2 3 
INPUT INPUT INPUT 

COAL OXYGEN SLURRY H20 

6 

ADJOSTH] 

T=/ 
MASS 

F, C, lb ------- 
1900 

0.792 

0.069 

0.070 

0.866 
1.092 

0.0008 
0.0621 
0.0045 
0.0009 

PRODUCT GAS 
STREm 6 

INPrrr OUTPOT OUTPa- 
SLAG PXR DATA 

GAS DRY GAS 
AWALYSIS ANALYSIS 

Mol. % Mol. % 

- 
NCOAL 
0 2 0  
H2G 
C/TAR, SPECIFY H/C 
SDLFVR 
PYRITE 
S2G 
COG --- 
COZG 
SO20 
N0G 
NOZG 
CH4G 
H2SG 
NH3G 
COSG 
FE203 
MAFCOAL 
ASH 

TOTALS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ENTHAGPY BALANCE, B t u  -3450 213 -3799 7510 (174)  - -0  

GASIFIER 
HEAT LOSS ENTBALPY 

BALANCE 
LHV DRY GAS, B t u / s c f  9 60 P with tar 2 3 1  w/o tar- 

LEY MOIST GAS, B t u / s c f  9 60 F with t a r  1 5 8  W/O tar- 

PERCENT OF GAS HEATING VALW IN H2S 5.16% 

LHV DRY GAS, B t u / s c f  9 60 F w/o H2S 219 

LEY MOIST GAS, Btu/.scf 9 60 P w/o H2S 150  

HEAT LOSS I N  ASH, % o f  ~081 LHV 2.51% 

_-_____----_--_____-------------------------------------------------------------------- 
MATERIAL BAWLNCE 

#OLBS H 0.09839 0.00000 0.06461 0.00000 0.00000 
#MOLES C 0.05606 0.00000 0.00000 0.00000 -0.00023 
#MOLES 0 0.03395 0.05838 0.03231 0 .OOOOO 0.00000 
#MOLES S 0.00184 0.00000 0.00000 0.00000 0.00000 
#MOLES N 0.00085 0.00434 0.00000 0.00000 0.00000 
hIASS, # 1 .92545  0.99482 0.58152 0.00000 -0.54306 



Computed Effect of Coal Moisture in a Two-Stage Slurry-Feed Entrained-Flow Gasifier 
Calculated for Maritsa East Bulgarian Lignite at 1038 C (1900 F )  Exit Temperature 

300 1 2 0  

z loo 
d 

0 0% 
0% m%o 20% 30% W o  5Wo 60% 

Coal Moisture Content, wt% as fed 

+ Feed Slurry Solids + Gas LHV w/o H2S + Oxygen/Carbon 
Calculated for conditions resembling a Destec gasifier. 



- Fluidized-Bed, Oxygen-Blown 



MASTER SPREAD S m  FOR HEAT AND HATEFZAL BALUCZS: FILE ?BO-L.IIU 

HEAT AND M A W  BALANCES ARE CALCVLATB) FOR USER Dm- INPUTS AND OUTPUTS. 

FLUIDIZED-BED OXYGKN GASIFICATION OF B- LIMITB BAS= ON CONDITIWS FOR A BRP GASIFIHI, EPRI REPORT TR-102034. 
AS- 90% CARBON CONVERSION IN THIS CALCULATION 

THIS BASE CASE I S  USED FOR COMPUTING EFFBCPS OF VARIATION IN COAG HOISTDRE, ASH AND SULFUR C-S. 

IN CALCVWLTIONS FOR INCREASING COAL XOISTURE. SULFUR AND ASH. STSAX FlW I S  REDUCH) AND OXYGKN 
INCREASED TO lCEEP TmERATURE CONSTANT. TEE PRODUCT GAS COWOSITION IN STRXW NO. 6 I S  ADJVSm FOR 
INCREASED C02 AND 820 WHILE QLEPING PROPORTIONS OF REDUCED AMOUNTS OF HZ:CO:CE4 CONSTANT. 

BASE CASE P-: USER S K L E m  BASIS: 1 l b  MAF COAL 

- - - - - - - COAL ANALYSIS - - - - - - - - - 
XOISTDXU, AS RUN 20.00% MAP C 67.27% RBACMR HEaT LOSS CALCULATED RATIOS FOR C-USTION OR GASIFICATION 

H 5.56% AS%OFCOALHEAT C I N S T R E A X l V S 0 2 0 R S T S A X I N 2 . 3 . O R 4 .  
ASH, DRY BASIS 35.08% 0 20.09% VALUE, TO BE MOLE RATIOS: 02/C 0.358 

S 5.89% EITHKR SPECIFIH) STEAK/C 0.080 
H/C RATIO I N  "TAR" 0.2222 N 1.19% OR CALC[ILAm USING STEAM/O2 0.22 

MACRO ALT-T: W S  RATIO: S W / O 2  0.13 
% PYRITIC SULFUR 33.00% M M  TOTAL 100.00% 1.00% SPECIPIlCD 

STREAM NO: 1 2 ' 3 4 5 6 6 
TNPUT INPUT INPUT INPUT OUTPUT OUTPUT- PRODUCT GAS 

COAL STEW OXYGKN WATER ASH PER DATA ADJUSTED STREAX 6 

STREAM TEMP/ -S WgT GAS DRY G&S 
PARAWFPBRS MASS, T-/ ='EEL TzS ANALYSIS ANALYSIS 

F,C,lb P,C,lb F,C,lb F,C,lb F.C,lb F.C.lb F.C.lb Ho lm% - l a %  . . . . . . . . . . . . . . . . . . . .  ------- ------- ------- ------- ------- ------- ------- ------- ------- 
TmP, F 7 0 453 300 70 1700 1700 
TE13P. C 

H2OG 0.08057 0.250 0.363 20.1% 
H20L 0.3851 0.068919 0.0% 
N2G 0.009 0.009 0.3% 0.4% 
NCOAL 
020 0.642 0.0% 0.0% 
HZG 0.057 0.052 25.9% 32.4% 
C/TAR, SPECIFY H/C 0.06727 0.000 0.000 
SULFUR 0.0049912 
PYRITE 
S2G 0.0% 0.0% 
COG 0.922 0.845 30.0% 37.5% 
C02G 0.0709166 0.682 0.775 17.5% 21.9% 
SO20 0.0% 0.0% 
NOG 
NO2G 0.0% 0. 0% 
CH4G 0.076 0.070 4.3% 5.4% 
HZ SG 0.057 0.057 1.7% 2.1% 
N83G 0.003 0.003 0.2% 0.2% 
COSG 0.0% 0.0% 
FEZ03 
MAPCOAL 1 
ASH 0.5404 0.5404 100.0% 100 .O% 
AVKRAGE STREAM Hfi 
- - - - - - - - - - - - - - -*------ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

ENTHALPY BALANCE, Btu  -3450 -427 -156 -450 -286 4886 (116) - - 0 
GASIFIER 

HMT LOSS ENTRALPY 
~ C B  

LHV DRY GAS, Btu/mcf Q 60 F w. t a r  288 w/o tar= 288 

LHV MOIST GAS, Btu/mcf. 60 F w tar  230 w/o tar= 230 

PERCENT OF GAS HEATING VALW IN HZS 4.53% 4.53% 

LHV DRY GAS, Btu/mcf 9 60 F w/o H2S 275 275 

LHV XOIST GAS, Btu /sef  Q 60 F w/o 8 2 s  220 220 

HEAT LOSS IN ASH, % of  c o a l  LHV 1.88% 

XATERIAL BALANCE %ERROR, BAL/STRWI 6 
#MOL1S H 0.09839 0.00895 0.00000 0.00766 -0.00122 -0.11377 -0.00% 
#MOLES C 0.05606 0.00000 0.00161 0.00000 -0.00550 -0.05217 0.00% 
#Moms 0 0.03395 0.00448 0.04333 0.00383 0.00000 -0.08558 0.00% 
#MOLES S 0.00184 0.00000 0.00000 0.00000 -0.00016 -0.00168 0.00% 
#MOLES N 0.00085 0.00000 0.00000 0.00000 0.00000 -0.00085 -0.00% 
MASS, # 1.92545 0.08057 0.71261 0.06892 -0.61262 -2.17493 -0.00% 



Computed Effect of Coal Moisture in an Oxygen-Blown Fluidized Bed Gasifier 
Calculated for Maritsa East Bulgarian Lignite at a Constant 927 C (1700 F )  Gasifier Temperature 

250 1 W o  

0% 1Wo 2Wo 3Wo W o  5wo W o  
Coal Moisture Content, wt% as fed 

_, SteamJCarbon + Oxygen/Carbon 

+ Raw Gas LHV, Btulscf w/o H2S 



- Fluidized-Bed, Air-Blown 



MU?= SP- SEEET FOR B M T  AND X A m  -: F I U  I B A I m . W X 3  20-J.P-95 

B M T  AND ItATXRIAL BALANCES ARB CALCULAm W R  USER Dm- INPUTS AND OUTPUTS. 

?LUIDIZED-BED AIR BLOWN GASIFICATION OF BVLGARTlW LIQIITIL--ED ON ADAPTATION OF DATA FOR ElW, XPRI RXPORT TR-102034. 
AS- 9 0 %  CARBON COIWBRSION I N  THIS CALCULATION 

THIS BASE CASE I S  USED FOR C-ING SF?ECTS OP VARIATION I N  COAL MOISl'U'RE. ASH AND SDLPUR CONTIMTS. 

I N  CALCULATIONS FOR INCREMIN'G COAL MOISTCIRX, k ? V R  AND ASH, STEAW FEH) I S  REWCrm AND OXYGBH 
INCREASED TO KEEP TEMPERATURE CONSTANT. THB PRODUCT GAS C-OSITION I N  STREAH NO. 6 I S  ADJUSTED FOR 
INCREASED COZ AND HZ0 WHILE ltEEPING PROPORTIONS OF REDUCED AMOUNTS OF H2:CO:QII CONSTANT. 

BASE CASE PAR-: USER SZLISCTKD BASIS: 1 l b  HAF COAL 

- - - - - - - COAL ANALYSIS - - - - - - - - - 
MOISTURE, AS RUN 20.00% MAP C 6 7 . 2 7 %  REACTOR HEAT LOSS CALCULATED RATIOS FOR COPdBUSTION OR GASIFICATION 

H 5 . 5 6 %  A S % O F C O A L H E A T  C I N S T R X N 4 l V S 0 2 O R S T E A M I N 2 . 3 . O R 4 .  
ASH, DRY BASIS 35 .08% 0 20.09% VALUE, TO BE MOLERATIOS: 0 2 / C  0 . 4 4 4  

S 5 .89% EITBER SPECIFIED s m / c  0 . 0 8 0  
E/C RATIO I N  "TAR" 0 . 2 2 2 2  N 1 .19% OR CALCULATED USING STEAM/O2 0 . 1 8  

MACRO ALT-T: MASS RATIO: STEAM/OZ 0 . 1 0  
% PYRITIC SULFUR 3 3 . 0 0 %  WAF TOTAL 1 0 0 . 0 0 %  1 . 0 0 %  SPECIFIED 

STREAM NO: 

STREAM 
PARAMETERS 

1 2 3 4 5 6 6 
INPUT INPUT INPUT INPUT OUTPUT OUTPUT- PRODUCT GAS 

COAL STEAn AIR WATER ASH PgR DATA ADJUSTED STREAM 6 

T m P /  TEEIP/ TQ@/ W G A S  DRYGAS 
MASS. MASS L i i ='EzL MASS ANALYSIS ANALYSIS 

F , C , l b  F , C , l b  F , C , l b  P , C , l b  F , C , l b  F , C , l b  P , C , l b  Holm % Holm % 

TEMP, F 7 0  4 5 3  3 0 0  7 0 1 7 0 0  1 7 0 0  
TEMP, C 

E20G 
H20L 
N2G 
NCOAL 
0 2 0  
H2G 
C/TAR, SPECIFY H/C 
SULFUR 
PYRITE 
S2G 
COG 
COZG 
SO20 
N M  
N02G 
cE4G 
E2SG 
NE3G 
COSG 
FEZ03 
MAFCOAL 
ASE 
AVERAGE ST- MW . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
KNTaALPY BALMICE, B t u  - 3 4 5 0  - 4 2 7  3 6 4  - 4 5 0  -206 4 3 6 6  ( 1 1 6 )  - 0 

GASIFIER 
HEAT LOSS ENTBlLLPY 

W C E  
LEV DRY GAS, B t u / a c f  e 6 0  F w. tar  1 1 9  W/O tar- 1 1 9  

LEV MOIST GAS, B t u / a c f  9 6 0  F w t a r  1 0 4  w / o  tar= 1 0 4  

PERClINT OP G M  HEATING VALW I N  H2S 5 . l a %  5 . 1 8 %  

LEV DRY GAS, B t u / s c f  e 6 0  F w / o  H2S 113 113 

LEV MOIST GAS, B t u / s c f  9 6 0  F w / o  H2S 9 8 9 8 

HgAT LOSS I N  ASH, % o f  coal LBV 1.88% 

MATERIAL BArANcB 
#MOLES H 
#MOLES C 
#MOLES 0 
#MOLES S 
#MOLES N 

MASS, # 



Computed Effect of Coal Moisture in an Air- Blown Fluidized Bed Gasifier 
Calculated for Maritsa East Bulgarian Lignite at a Constant 927 C (1700 I?) Gasifier Temperature 

120 1.2 

0 0 
0% 1wo 2wo 30% 40% 50%0 w o  

Coal Moisture Content, wt% as fed 

_, Steam/Carbon + Oxygen/Carbon 

+ Raw Gas LHV, Btu/scE w/o H2S 



- Moving-Bed, Dry Ash 

I Prlnted on Recycled Paper 



MASTER SPREAD SHKKT FOR HWLT AND YATXfUU BALANCES: FILE -.I03 14-Jan-95 

HEAT AND IdATERULt BALaNCES ARK CULCVIAm FOR VSILR INPUTS AND OUTPUTS. 

CASE FOR LURGI TYPE DRY-ASH OXYGm GASIFICATION OF BVLOARUlN LI-TE BASQ ON GPG& DESIGW DATA. US= DESI-TQ INPUT 
AND OUTPUT STREAMS AND W K R A T U R E S  ARK ADAPTKD FRCM DATA FROQI TEE GREAT P m S  COAL GASIFICKTION PLlWT PUBLIC DESIW 
REPORT (WE/CB/10088-1874, pp 3-79.100.184.297) WITH ADJVS-S TO SATISN BALANCES FOR HARITSA IWT, BClLOAICUN LIQTITI 

THIS BASE CASE IS US= FOR CCadWTING EFFECTS OF VARIATION IN COAL MOISTURE, ASH AND SWIZDR COrPFBITS. 

FOR THIS PARTICIJLAR CASE, MOLE ADJVS-S IN PRODUCT GAS STREAM NO. 6 HAW BlIW MADE WHILE MUNTAXNING FIIED 
PROPORTIONS OF CO:C02:54:TAR IN TEE PRODUCT GAS. 

CASE SPECIFIC PARAMi!TKRS: USKR S5JSCrKD BASIS: 1 lb MAF COAL 

- - - - - - -  CQAI. ANALYSIS - - - - - - - - - 
MOISTURE, AS RUN 35.00% MAF C 67.27% RKACTOR HEAT LOSS CACCULATEO RATIOS FOR COPdaUSTION OR GASIFICATION 

H 5.56% AS % OF COAL HEAT C IN STREAM 1 VS 02 OR S m  IN 2.3,OR 4. 
ASH, DRY BASIS 35.08% 0 20.09% W U X ,  TO BE MOLE RATIOS: 02/C 0.191 

S 5.89% EI- SPECIFIKD STIUEI/C 1.625 
H/C RATIO IN "TAR" 0.893 N 1.19% OR CALCULAm USING S T W / O 2  8.52 

MACRO ALT-T: MASS RATIO: S T W / O Z  4.79 
% PYRITIC SULFVR 33.00% MAF TOTAL 100.00% 1.00% SPECIFIED 

s m  NO: 1 2 3 4 5 6 6 
INPUT INPUT INPVT INPUT OUTPUT OUTPUT- PROWCP GAS 
COAL ST= OXYGm WATXR ASH PER DATA ADJVSTm STRWd 6 

sTR&AM 
PARAMETERS 

TEMP, F 
TEMP, C 

ULIi 
HZG 
C/TAR, SPECIFY H/C 
SULFOR 
PYRITE 
S2G 
COG 
C02G 
S02G 
NOG 
NOZG 
CH4G 
H2SG 
mac 

TW(P/ -/ =GAS DRYGAS 
mss MASS ANALYSIS ANALYSIS 

a.c.lh ~.c.lh F.C.lb P.c.lb F.C.lb F.C.lb F.C.lb -1. % Kola % 

- 
COSG 
FEZ03 
MAFCOAL 1 
ASH 0.5404 
AVERAGE ST= XW . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ENTBAISY BALANCE, Btu -6353 -8461 56 - 0 (116) Nlrr 

GASIFIER 
HWLT LOSS ENTHALPY 

BALANCE 
LHV DRY GAS, Btu/scf Q 60 F w. H2S W. tar= 342 w/o tar= 298 

LHV MOIST GAS, ~tu/sct Q 60 F w. H2S w. tar= 149 w/o tar= 130 

PERCENT OF RAW GAS HIULTING VAL= IN HZS 4.05% 4.65% 

LHV DRY GAS, ~tu/scf Q 60 F w/o HZS w. tar= 328 w/o tar= 284 

LHV MOIST GAS, Btu/acf 9 60 F w/o IUS w. tar= 143 w/o tar= 124 

HgAT LOSS IN ASH, % of coal LHV 0.898% . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
MATERIAL BALANCE %ERROR, B A L / S m  6 

#MOLES H 0.14776 0.18220 0.00000 0.00000 0.00000 -0.32996 0.00% 
# M O S  C 0.05606 0.00000 0.00000 0.00000 0.00000 -0.05606 0.00% 
#MOLES 0 0.05864 0.09110 0.02139 0.00000 0.00000 -0.17113 0.00% 
#MOLES S 0.00184 0.00000 0.00000 0.00000 0.00000 -0.00184 0.00% 
#MOLES N 0.00085 0.00000 0.00000 0.00000 0.00000 -0.00085 -0.00% 
MASS, # 2.36978 1.63984 0.34226 0.00000 -0.54036 -3.81152 0.00% 



Computed effect of coal moisture in a dry-ash moving bed gasifier 
Calculated for Maritsa East Bulgarian lignite at 35% ash content 

800 200% 

V V I V  

0% 10% 20% 30% 40%0 50% 
Coal Moisture Content, wt% as fed 

_, Gas Temperature, C + Moist Gas LHV, Btu/scf 



- Moving-Bed, Slagging 

I 
Prlnted on Recycled Paper 



MASTER SPRlUD SHEET FOR B U T  AHD IRTmIAL EAUNCES: FILE m S ~ . # l t l  

B U T  AND MATERIAL BALANCZS AXE CALCDLATED POR USKR Dm- RWJTS AWD OUTPUTS. 

CASE FOR SLAGGING UOVIUG-BED O X Y m  GASIFICATIa OF B V  LI-TE BASED @W EERC SPBG DATA FOR #OR= DAKOTA 
LIGNITE pRESmTED AT THE 79 AND '81 LIMITE SYHPOSIA. PRODUCT GAS COWOSITIaPT AND 0- Pxm R A ~  HA- ~ g m  
ADJUSTED TO SATISFY THE HEAT AND MA- BALANCE FOR HARITSA EAST, B V  LIGNIm. 

THIS BASE CASE IS USED FOR CWUTING EFRImS OF VARIATICS IN COAL MOISTURE, ASH AND SWLFWt C-S. 

FOR THIS PARTICULAR CASE, MOLE A D J U S m S  IN PRODUCT GAS STREAM NO. 6 HAVE 8- MADE WHILE -- FIIQ) 
PROPORTIONS OF CO:CO2:CH4:TAR IN TBE PRODUCT GAS. 

CASE SPECIFIC P-ERS: USER SELECTED BASIS: 1 lb X&F COAL 

- - - - - - - COAL ANALYSIS - - - - - - - - - 
MOISTURE, AS RUN 25.00% MAP C 67.27% REACTOR HEAT LOSS CALCOLATED RATIOS FOR CCPQlUSTION OR GASIFIaTIW 

E 5.56% AS % OF COAL HBAT C IN STRXAM 1 VS 02 OR STEAM IN 2.3,OR 4. 
ASH, DRY BASIS 35.08% 0 20.09% VALW, TO BE MOLE RATIOS : 02/C 0.276 

S 5.89% EITBXR SPECIFIKD ST-/C 0.242 
H/C RATIO IN "TAR" 0.893 N 1.19% OR CAL-TED USING STWI/02 0.88 

MACRO ALT-T: MASS RATIO: STWT/02 0.49 
% PYRITIC SULPIJR 33.00% MAP TOTAL 100.00% 1.00% SPECIFIED 

STREAX NO: 1 2 3 4 5 6 6 
INPUT 1NPm INPUT INPUT OUTPUT o m m -  
COAL STEAM OXYGEN WATER 

PRODUCT GAS 
ASH PER DATA ADJUSTED STREAM 6 

STREAM 
PARAEdBPERs 

DRY GAS 
T-/ i L %L EL i E L E S  ANALYSIS m s .  
F,C,lb F,C,lb F,C,lb F,C.lb P,C,lb F.C.11, F,C,lb Mole % Mole % - - -----------------  ------- - - - - - - -  - - - - - - -  ------- ------- ------- ------- ------- ------- 

TEMP, F 7 0 750 290 2000 395 
TED, c 
H2OG 
HZ OL 
N2G 
NCOAG 
020 
H2G 
C/TAR, SPECIFY H/C 
SULFUR 
PYRITE 
S2G 
COG 
C02G 
SO20 
No0  
NO20 
CE4G 
H2SG 
NE30 
COSG 
FEZ03 
MAPCOAL 
ASH 
AVERMiE STREAM MRI 
- - - -___-------___--------- - - - -*------ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
ENTEUPY U C E ,  Btu -4289 -1259 8 1 0 -259 5842 (116) 0 

GASIFIER Nm' 
HEAT LOSS m a H u P Y  

W C E  
LHV DRY GAS, Btu/acf O 60 F w. H2S w. tar- 358 w/o tar= 340 

LHV MOIST GAS, Btu/mcf O 60 F w. H2S w. tar- 160 w/o tar- 247 

PERCENT OF RAW GAS HEATING VALW IN H2S 3.97% 4.19% 

LEV DRY GAS, ~tu/acf @ 60 F w/o H2S w. tar- 344 w/o tar= 325 

LHV MOIST GAS, ~tu/scf o 60 F w/o HZS w. tar= 250 w/o tar- 136 

HBAT LOSS IN ASH, % of coal LHV 2.197% 

MATERIAL U C E  
#MOLES H 
#MOLES C 
#MOLES 0 
#MOLES S 
$MOLES N 
MASS, n 



Computed effect of coal moisture in a slagging moving bed gasifier 
Calculated for Maritsa East Bulgarian lignite at 35% ash content 

700 7wo 

209'0 3wo 
Coal Moisture Content, wt% as fed 

+ Gas Temperature, C - Moist Gas LHV, BtuJscf 
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VENDORS FOR ADVANCED POWER SYSTEMS CONTACTED 

1. Mr. David L. Breton, Manager 
Process Systems 
DESTEC Engineering, Inc. 
2500 City West Boulevard, Suite 150 
PO Box 441 1 
Houston, TX 772 10-441 1 
Phone: (7 13) 735-4249 
Fax: (713) 735-4735 

3. Mr. Mike Mensinger 
Institute of Gas Technology 
1700 South Mt. Prospect Road 
Des Plaines, IL 6001 8 
Phone: (708) 768-0602 
Fax: (708) 768-0600 

5. Mr. Alex Wecksler 
Lurgi Corporation 
West 115 Century Road 
Paramus, NJ 07652 
Phone: (201) 967-3 186 
Fax: (201) 967-7646 

7. Mr. Matt Packbier 
Herbts Uhde Corporation 
30 South 17th Street 
Philadelphia, PA 
Phone: (2 15) 422-3257 
Fax: (2 15) 422-4534 

2. Mr. Ed Gerstbrein 
Licensing Manager for Foreign 
Gasification Technology 
TEXACO 
2000 West Chester Avenue 
White Plains, NY 10650 
Phone: (9 14) 253-4326 
Fax: (914) 253-7744 

4. Mr. Francis Lu 
Institute of Gas Technology 
1700 South Mt. Prospect Road 
Des Plaines, IL 60018 
Phone: (708) 768-0592 
Fax: (708) 768-0600 

6. Mr. Heinz J. Keller 
Uhde GmbH 
Friedrich-Uhde-Str . 15 
D-4600 Dortmund 1 /FRG 
GERMANY 
Phone: 0 1 1-49-23 1-547-27 18 
Fax: 01 1-49-23 1-547-3382 

8. Mr. Henry Vroom 
ABB Combustion Engineering, Inc. 
1000 Prospect Hill Road 
Windsor, CT 06095 
Phone: (203) 285-9085 
Fax: (203) 285-2099 

9. Mr. Otto Koenders 10. Mr. William M. Campbell, Manager 
Shell International Petroleum Company Clean Coal Technologies 
Hague Netherlands M W  Kellogg Company 
Department MFT G7 601 Jefferson Avenue 
THE NETHERLANDS PO Box 4557 
Phone: 01 1-3 1-70377-1467 Houston, TX 772 10-4557 
Fax: 01 1-3 1-70377-2779 Phone: (7 13) 753-2 184 

Fax: (7 13) 753-6609 


