JAPAN mmmnm COOPERATION AGENCY [JICA]

) MINlS‘!RY OF |NDUSTRV, TRADE AND TOUH!SM

THE REPUBLIC OF HUHGARY

 THE FEASIBILITY STUDY

~ ON -
* THE FACILITY IMPROVEMENT AND
ENVIRONMENTAL PROTECTION
| - OF

~ BORSOD POWER PLANT
N

THE REPUBLIC OF HUNGARY

 FINAL REPORT
Summary

Aﬁﬁustwg‘i' |
' JEA LiBRARY I.'
UL

- 311389231(6)

N PAC!FIB cousumu‘rs mrennmom., 'roxvo
' in association with

JAPAN Euvmuumam Asssssmsm CENTER €O., LTD, TOKYO

|0

No. 3







JAPAN INTERNATIONAL COOPERATION AGENCY (JICA)

: :MINISI‘RY OF INDUSTRY, TRADE AND TOURISM
THE REPUBLIC OF llUN(‘ARY

THE FEASIBILITY STUDY
| | ~ ON -
THE FACILITY IMPROVEMENT AND
ENVIRONMENTAL PROTECTION
| QOF
BORSOD POWER PLANT
IN
THE REPUBLIC OF HUNGARY

I'INAL REPORT

Summary
August 1997

PACIFIC CONSULTANTS iNTFRNA!‘IONAL,- TOKYO
' : 1 associatlon with
JAPAN ENVIRONMI* NT ASSESSMENT CENTER CO., LTD., TOKYO



B

i

fl!lHWﬁflHHIHIIHHH

113

In this reporl project costs are’ esumated based on Fanvary 1997 pr:ces
with an exchangc rate of 1US$ = HUR 161.06 (—¥l 6. 65).




PREFACE

In reSpbnse to a request from the Government of the Republic of Hungary, the Government of
Japan decided to conduct the Feasibility Study on the Facility Improvement and Environmental
Protection of Borsod Power Plant in the Republic of Hungary and entrusted the study to Japan

International Cooperation Agency (JICA).

© JICA sent a study team, led by Dr. Akira Uchida of Pacific Consultants International (PCD) and

organized by PCI and Japan. Environment Assessment Cenler Co., Ltd., to the Republic of
Hungary four times from March 1996 to May 1997.

The team held discussions with the officials concerned of the Government of the Repub!ic of
Hungary, and conducted related ficld sun"cys. After returning to lapan, the team conducted

further studies and compiled the final results in this report.

‘1 hope this report will contribute to the promotion of the plan and to the enhancement of friendly

relations between our lwo countries.

I wish to express my sincers apprecialion to the officials concerned .of the Government of the

Republic of Hungary for their close cooperation throughout the study.

August 1997

VARe

Kimie FUJITA
President

Japan International Cooperalion Agency



August 1997

Mr. Kimio Fujita
President
Japan International Cooperation Agency

" LETTER OF TRANSMITTAL

Dear Sir,

We are pleased to submit to you the final report entitled “ The Feasibility Study on the Facility
Improvement and Environmental Protection of Borsod Power Plant in the Republic of Hungary.”
This report has been prepared by the Study Team in accordance with the contracts signed on 2
February 1996, 15 May 1996, and 9 May 1997 between Japan International Cooperation Agency
(JICA) and Pacific Consultants International (PCI).

This Study aims at improvements of power and heal generating facilities and environmental

. protection measures in Borsod Power Plant, where the plant efficiency has decreased due to

superannuated facilities, and environmental problems have been growing mainly due to large
amount of air polhitant emissions. The study included the construction of a new 150 MW power
generation unit within the existing site and the renovation of somc of existing facilities for
continuing supply of about 240 MW of heat to the surrouhdinlg area.

This report prescnts an oplimal reconstruction plan to achieve above aims. ‘The plan has been
formulated through surveys, analyses, and assessment on the aspects of technology, environment, -
cconomy and finance. The studies concerning the new unit incorporated the result of the past

: feasibility study conductcd by ‘the Hungarian authority ‘with” necessary modifications. For
" enabling uul:zauon ‘of Hungarian brown ‘coals while “satisfying the air:pollutant -emission :
- standards, the type of a boiler for the new uml was selectéd to be of circulating fluidized bed -
- combustiori. For the rénovation of existing facilities, it was proposed that fous out.of ten 100 th
" boilers of the pulverized combustion type be converted to the natural gas combustion type.

We wish to ex'p_ress grateful acknowledgments to your Agency, Ministry of Foreign Affairs, and
Ministry of International Trade and lndust:ry. We also wish to express our sincere appreciation
to Hungarian agencies concerned including  the Ministiy of Industry, Trade and Tourism,

- Ministry for Environment and Regional Policy, Hungarian Pover Companies, Lid. and Borsod

Pom:r Plant, who extended utmost cooperation to the Team. Finally, we we acknowledge our deep

'gratitudc to’ the Lmbassy of Japan in’ Hungary and JICA Austria Office for their variable
© suggestions and assistance. .

Your:s failhfl;lly.:

IR |

" Akira Uchida

Team Leader
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_Ahbreviaainns

Nante of Organization

ANTSZ : National Public Health and Medical Officer’s Service

EGI ¢ A consultant firm which prepared the F/S report for the new 150MW unit in
Borsod Pawer Plant ' _

EKE . North Hungarian Environmental Protection Inspectorate

EPA : The U. S. Environmental Protection Agency

ERV : A Hungarian consultaﬂ.t firm for power plant

GRW : A former East-German company which made most of Hon garian control systems

TKIM : Ministry of Inditstry, Trade and Tourism

KTM : Ministry for Environment and Regional Policy

MHD : Hungarian Ship and Crane Works (Magyar Haj6- és Darugy4r)

MOL :  Hungarian Oil Conipany

MAYV : Hungarian National Railways

MVM : Hungarian Power Companies, Ltd.

OMH . National Office of Measurements

OVIT : National Power Grid Company, Lid.

TOP : National Fire Service Headquarters

Technical Terms

AMorAft : A preheater

ANK-K : Cross-coil type analogue, indicator type device
ANNUBAR . : A type of probé for measurement

ARA : Amsterdam, Rotterdam, Antwerp ports
BFB(C) 't Bubbling Nuidized bed (combustion)

BG . Background concentration

BOD ¢ Biochemical oxygen demand _

BWK ¢ Full heat power (Brennstoff Warme Krafl)
‘Btu :  British thermal unit

Cv : Calosific value

CFB(C) :  Circulating fluidized bad {combusiion)
CIB +  Cost, insurance, freight

€oD : Chemical oxygen demand

DCIS :  Distributed conteol and information system

- iy -
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DO
ECO

EGR or FGR

EMU
EP or ESP
FB(C)
FDF
FGD
FOB
F/S
GEP
Gl.
GSA
HDPE
HFB(C)
Hh

Hi

ICFB

IDF
M
MCR
MSZ
ND

Nm?

0&M

Org-
PCE
'E

" PEB(C)

PLC
PSU
RC
RH
RLS-I
SCR
SH
SPM
$S

Dissolved oxygen

Economizer

Exhaust gas nrircularioﬁ or flue gas recirculation
Signal coaverter to get mA signals

Electrostatic precipitator

Fluidized bad {combustion)

Forced draft fan

:" Flue gas desulfurization

Free on board

Feasibility study

Good engincering practice
Ground level

Gas suspension absorption

High density polyethylene
Hybrid fluidized bed {combustion)
Gross heat value (calorific value)
Net heat value (calorific value)
Internal circu!.aling fluidized bed
Induced draft fan

Molar concentration

Maxirum cﬁntinuous rating

Hungarian Standans

Not detected; analytical data below a limit of detection
Gas volume at the normal condition; 0 T and 1 atmospber'ic:pressure
~ Operation and maintenance '

: Organic

Pulverized coal firing

Polyethylene

Pressurized fuidized bed {combustion)
Programmable logicat controller
Process system unit

Reinforced concrete

Reheater

A type of PID regulator, compact design of GRW
Selective catalytic reduction -
Superheater

Suspeﬁded particutate matter
Suspended solids/ Stainless steel



TC

uprs

a3

mBf

w

p-Atkali or p-value
tce

pt Sfem or mSfem

Thermocouple

Uninterrupted power supply
deci-Bell, unit for noise level
above the Baltic Sea level
Nonmal condition
Phenolphthalein alkalinity
Ton coal cquivalent

Micro Siemens per centimeter; unit for conductivity
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1.

© Conclusions arid Recoimmendations

- ‘Conclusioits

' ’I;his'S(:u'dy airns to develop an oplimal plan for fecénSlmctibn of Borsod Power Plant and to verify
“the feasnblhty of the plan from lhe {echnologtcal and ccononuc view pomts The plan’ includes: 1)
' construcllon of a new power generation unit of 150 MW capacity which utilizes local brown coal to

-~ the max_:mum p0551_ble and sausflc_s the environmental regulations, and 2) renovation of several of

existiiig boilers for heat supply while satisfying the énviconmental segulations.

Based on the'siudy and evaluation of the'plan‘ from the technological, esnvir'onmehial, economic and

betow,

W

(2)

3y

" financial aspects, it isconcluded that the eeconsiniction planis feamble “Canclusions are explained

 Blectric Power De_l‘fiand ,

Allhough the electnc power demand in Hungary conlinually decreased from. 1989 to

1993 due 16 the industiial recesston, the demand has gradually increased lhcn.af!cr

While the total eléciricity consumption in 1995 was 36.5 TWh, the demand in 2010 is

| projected to be in a'range of 43.3 - 49.3 TWh. - Thus, the electricity demand isexpected

"to increase steadily in the futuré even with the most pessimislic scenario.

Power Generation Capacity

The commissioned total power generalion capacity in 1995 wasabout 7,400 MW, of which
lhermal power units accountéd for 74 %, nuc]ear powet units 25 %, and hydraulic power

units 0.6 %. Most of the existing thermal power generatlon unils are old with paer
'efﬁp:ency. and are not able to meel the environmental requirements equivalent to those of '
EU couniries, that will be in force from 2005.  Accordingly, they should be replaced or

- substantially renovated.

Uliiiia!ion'of Domestic Coals

Through lhe nauonal energy pohcy, coal mmes in vicinity of power plants have been

' manager!ally integta!ed inito the power plants and 01her coal mines have been closed or are
i 'the process of closure since they are emnomn:ally no longer vigble. The poiwer plarit
. compames hahng coal iines néed 2 ulilize their own coal, while implemeiting sufficient

 “envitonméntal protection meastires. * Borsod Power Plant is one of such power plants.

E



(4)

Reconstruction Pian of Borsod Power Plant -

The reconstruction plan of Borsod Power Plant is summarized below. ~ For the partrdf the
new 150 MW unit, the result of feasibility studies conducied until 1993 by MVM was

utitized to the maximum extent, and modifications weré imade as necessary.

1) New unit
" Main parameters
Electric power output

* Steam generation

Fuels to be used

150 MW
460 th

Borsod brown coal and imported coal (50 % -
50 % in heat equivalent) '

Expected poliutant concentrations in the exhaust gas:

Annual plant utilization rate

Major facilities

Boiler

Electrostatic precipitator

- Steam {urbine

Generator

Stack

S0,: 400 mg/Nm’

NOx: 200 mg/Nm'’

‘Dust: 50 mg/Nm’

68 % (6,000 hrsfy)

Circulating fluidized bed (CFB) boiler with
external heat exchanger (EHE) -

3-casing tandem compound double flow
(T'CDF) reheat type '

: " Three-phase synchro-"gcneratcr' with static

excitation, of lateral positioned, cylindrical,
rotating field, anti-explosion type structure

130 m height




s

Feed water facilities

Cooling tower

Coal handling system

Limestone handling system

Slag and fly ash handling system
Transformers _
Control and_inslrumemélion systém

2) Renovation of exislinig facilities

Main parameters

Peak heat demand : 29barsteam : 120 MW
15 bar steam : 9 MW
6 bar steam  : 34 MW
Hot water ;T8 MW
Total 1 241 MW

Annual heat demand  : 2,780 Tlfy

Méior Tenovation works

Boilers  : Four out of ten existing pulverized coal combustion boilers (100 th
each) are converted to the gas/oi! combustion type. Burners,
control system; fluc gas recirculation ducts and fans are newly
installed, and economizers and air preheaters are readjusted.

Tu:rbincé "+ In addition to use of some of existing turbines with appropriate
repairing, one unit of 32 MW double extraction condensing turbine
is instatled.

{5) - Environmenlal Impact Assessment and Environmental Profection Measures

1} Resuli of environmental impact assessment
Alr quality

© Predictions of ambieat SO, concentration for short-tefm and heating season average

indicate that the SO, concentrations would exceed the environmental standards to be

enforced in 2005 atcertain ocations even when the Power Plant satisfies the emission

standards of 80,. Control measures for other sources are necessary to satisfy the



2)

environmental standards. - Predicted ambient concenteations of NOx satisly the

envitonmenlal standards,

The result of down-wash analysis indicates that, with a siack height of 125 m (original
plan), the ground-level concentration of SO, is elevated by the down-wash

phcnomenon.

A prediction of SO, concenlration undc‘r'siagnant condition indicﬁatcé that the
contribution of the Power Plant to the point of the highest concentration is85 uglfn‘ or
32 ppb. A substantia} improvement will be brought abotit by Plant reconstriiction.
The environmeniat standafd o_f 30 minutes average for protected ateas i (400 jig/m® or
150 ppb) is satisfied. The background concentration (conlribution from other

sources) itsclf exceeds the environmental standard for protected areas 1 (250 pg/m’ or

94 ppb).

Groundwsg

ter

Additionat groundwater poliution by sludge disposal can be completely preveated by
application of the impermeable sheet metiod,  The groundwater flow velocily in the
concerned area isestimated to bé 0.42 nvday, meaning that it takes some 40 Iyears for
the whole body of presently poluted water to reach the well of Borsodszirak 'll?\ for
drinking water. It is estimated to take about SO years for the quality of the

groundwater to recover to the level of the drinking water protection standacd.

Seil

By impleménting dust contro! of flue gases and treatment of acid/alkali waste liquids,
additional soil poliution can be prevented.  The recovery of soil already poltuted is
expecled only through patural purification proccssés, except for highly polluled
padticular spots where specific measures should be taken.

Environmential protection measures

Air guality

- Adoption of a CFB boiler for the ncwbn'il and conversion of 4 exisling boilers

from the pulverized coal-firing type to the gas-firing type

- ‘The height of the stack of the new unit tobc changed from 125 m (ongma! plan)
o 130 mto prevenl down-wash

- Soif covering and planting of the existing sludge storage area to prevent coal ash

scallering




‘Groundwater and soil

- Sludge is transported through pipeline and stored within the basins of

impermeable sheet to prevent groundwater pollution completely

- Wastewater from the water treatment plant is neutralized, diluted by mixing with
other wastewater to meet the effluent standards, and discharged to Sajé Riverand

‘public sewer system

River water

* Cooling waterisrecycled inthe closed system to avoid thermal water discharge to Saj6

River so that the river ecology is not disturbed.
3) Eavironmental monitoring plan

- Adequate monitoring during the construction period to minimize environmental

impacts

- Environmental monitoring after lhe.slart of the ptant operation
a) ftue gas monitoring
b) ambient air quality monitoring

¢) establishment of a continuous monitoring network by integrating items a)
and b} '

d) groundwater monitoring
e) regular monitoring of wastewaler, noise, traffic voluime, etc.
(6) Cost and Period of Reconstruciion

Petiods and cost of the plant reconstruction are as follows:

an_slruclioh Consteuction cost (1,000 US$)
| period Foreign currency | Local cutrency Total
‘New unit S years 53,830 102,127 155,957
Facility 1 gyeas | 6,960 19,863 . 46,823
rénovation -

- Note: Includes custom duties.
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Fconomic and Financial Analyses
1) Economic analysis -

Fhe environmentat quality of the area including airqualily isexpected ta be improved
through the implementation of the reconstruction plan. It is most desirable in the
econonic evaluation to quantify such environmental improvements as the benefit of
the reconstruction project. ‘However, since methods of quaﬁlil‘yin'g siich benéfit in
ccénomi_c term hz_fve not beca ésiﬁblishéd-, the alternative project approach has b_eén

adopled in the economic evaluation.

For the new unit, the alternative facility to the proposed CFB boifer was selecied to be

‘the pulverized coal combustion boiler with wet-type flue gas desulfurizer, For the:

facilily renovation, the alternalive to the proposed boiler conversion into gas-firing
type was determined te be the addition of semi-dry type flue gas desulfurizers to the
present pulverized coal combustion boilers. In both the new unit project and the
facility renovation project, the proposed project was found to be superior (o the

alternative project in the economic evaluation.
'2) Financial analysis

Since the new unit and the renovated facilities are to be operated in a cooperative
mannes, the financial analysis was made on the whole project with these two

components combined.

With the income of sclling electricity and heat against the inveslment costs
: (cbnslruclion, operation and maintenance}, the financial internal rate of return (FIRR)
* was calculated to be 17.4 %, amply exceeding the adopted loan interest rate (8.2 %).

Recommendations
Power Plant Development

In this Study for the reconstruction of Borsod Power Plant, there are sonie elements that

" ¢an be referred to'in planning reconstruction of other power plants of the simitar nature in

“Hungary. ' With such consideration, the following are recominended.

~1) Power plants in Hungary attached with coal mines are faced with two themes in

performing the role of power supply: a) to utilize their own coal thereby also’
contributing to regional employment, and b) to satisfy more and more stringent

environmental protection requirements. To selecteconomical and most appropriate




2)

3)

4)

leéhnology 10 realize the above, various technologies available in the world should be
broadly réviewed and their experience should be carefully fed back in application.

There are only several commercially operated power plants in the world that employ
the CFBC technology, and ¢ach one is operated under unique conditions.  None of
them isusing coal of low qualily similar to Hungarian brown coal. Therefore, utmost

care should be taken in boiter design and fuel supply plan.

There have been numbes of casesof forced oulage with operation of CFBC boilers due

10 troubles associated with handling of combustion residue. Therefore, it is most

desifaBle‘ to minimize the amousit of combustion residue.  This reqquires that the fuel
supply plan be established in such a way that the ash content and the sulfur content of
coal fuel are kepi below certain levels.

Since development of a power plant requires a large sum of capital investment, the

success of the project depends much on the conditions of procuring the funds.  Funds

for private-base development projects are generally procured from commercial banks.

However, for projects having high public interest, there are cases where public funds of
international and/or foreign governmental loan institutions are available under certain
conditions. Such possibilities should be pursued by communicating with these

institutions.

(2 Environment

Y

2)

Observation of regulations and standards

By implementing the reconstruction plan as propesed, Borsod Power Plant willbe able
to satisfy the new emission standards to be effected on January 1, 2005. Bui the
ambient air qualilj' standards are difficult to be met unless suitable measures are taken

for other air pollution sources including coal heated residences,
Environmental protection

Tﬁc Piant intends to prevent groundwater pollution by coal ash .by means of the
thick-sludge technology alone in the future. Validity of this technology shb’led be

proven prior 1o the ﬁ_larl of operation of the newunit. It is not recommended at the
Qresent stage to utilize salt-containing effluent from the water treatment plant as part of

thick-sludge transport water.
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4)

Future. environmental prolection nicasures should be concerned not only with

-prevention and reduction of ¢nvironmeiital impacts, but recovery of the natural

environment, creation of semi-natura} environiments, and landscaping.
Environmental monitoring

Presently, the responsibility of environment-related momlonng is admm;stram’ely
divided to chlonal !*n\monmental Protection !nspectorates (for sotrce monitoring)
and Regional Institutes of Public Health and Medical Officer’s Service (for

environmenla_l' monitoring), It isrecommesnded that these fu'nclion_s be integrated so.

that prompt actions can be taken concerning environmental protection..

Proper operation and maintenance of monitoring equipment should be secured ny

appropriation of sufficient funds.
Environmental management organization of the power plant

In order to strengthen the environmental management functions of the Power Plant, an
environmental management comrnittee should be organufed ‘supported by sub-
commitiees and charged withenvironmental affairs, energy saving, disaster prevention,

ctc., each planning and facititating implementation of concerned measures.

AR
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Chapter 1 Introduction
Background of the Study

The Sajo Valley area is one of major industrial areas in Hungary. The pollstion level
in the area is also one of the highest in the country due to the activities of heavy and
chiemical industries, winter-time heating using coal, and automobiles. Among these,
3 pdwer plants, i.e. Tiszapalkonya (Tisza I; 250 MW), Tisza 11 (860 MW), and Borsod

(170 MW), arc major sources of air pbllulanls.

Borsod Power Plant was constructed during 1955 - 1957, about 40 years ago. The
electric generation capacity is 170 MW, and the heat supply capacity is 220 MW, The
plant has 10 boilers and 9 turbines. Al the boilets were replaced during 1978 - 1985
except step ways. But the turbines are all original ones and are reaching the service
life. Local brown coal used as fuel is of low quality with calorific values of 1,800 -
2,200 kealkg and suffur content of 2-3 %, The boilers are equipped wilh an
electrostatic precipitator, but the amount of SOx ‘in the exhaust gas being emitted is far
ahove the emission standard. The plant is also supplying steamn and hot water to
nearby factorics and residences.  This is a very ilﬁportanl contribulion of the p'lanl to

the area.

Under such circumstances, MYM formufated a reconstruction plan of Borsod Power
Plant in 1993.

In May 1994, the Hungarian Govermment requested the Japanese Govecnment: to
conduct a feasibility study'(FlS) concerning the aforementioned reconstruction plan of
Borsod Power Plant, that could satisfy rcqﬁiréménts of international ioaﬁ_ institutions. ' .
Accordingly, Japan International Cooperation Agéncy (JICA) dispatched a preparatory -

study team to Hungary in June and September 1995, and reached to the agfecmcn( with
the Hungarian Government on the Scope of Work for the present Study. Thc'Sludy
started in February 1996, and the first site work of the Study Team was conducted in
March 1996. ' |

Objectives and Qutlines of the Study
Objectives of the Study
The objectives of the Study are:

1) Construction of an efficient new power unit with a capacity of about 150 MWin the
site of Borsad Power Plant giving sufficient considerations for the environment



2) Renovation of several number of exisling boilers and related facilities in ~ Borsod '

Power Plant so as to meet the emissien standards and to secure the capacity of heat
supply to ihe neighboring area '

(2)  Study Arca

The Study Area is mainly the Borsod Power Plant site in Kazincbarcika located in
120 km north of Miskole. The surrounding areas environmentally affected by the
power plant, and relevant nearby coat mines and business sites are also included as
required. '

(3} Outline of the Study

‘The Study was carried out in the following 3 stages:

- Preliminary invéstigation stage
- Detailed investigation stage

- Feasibility grade design stage
1.3~ Orgaiization for the Study

The general organization for the Study is as shown below.

Japanese Side Hungarian Side
« Ministry of Foreign ' HCA Steering Commiltee
Foreign Affais _ Headquarters! |, Ministry of Industry, Trade and Tourism (IKIM)
* Ministry of - » Ministry for Environment and Regional Polic (KTM)
- International Trade " ) or C o5 (MVM)
and Industry * Hungarian Power Companies ( . }
' » Borsod Energetic 1td. (BE)

| Study Team Implententation Agency
MVM, BE

1.4 *Time Schedule of the Study

A gene_r:ﬂ time schedute of the Study is shown in Table 1.4.1.
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‘Chapter 2 |
~ Background of the Project
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2.2

Chapter 2 Background of the Project

Fconomic Situation in Hungary

In the spring of 1990, a new democratic government came to power to embark on a
fully-fledged market economy. A vigorous stabilization program inchiding
expenditure cuts and tax increases achieved a successful macroe¢onomic turnaround
and even led to small current account surpluses in 1990 - 1992, But, thereafter, the

structural reforms failed.

The new and cutrent government led by the Hungacian Socialist Patly, which took
power through the election of May 1994, has been pushing ahead since, March 1995,
with macroeconomic adjustment programs in which budget cuts and structural reforims
are major clements. The growh in real GDP in 1996 is expected to be below 2.5 %,
which was achieved in the previous year, in respohsc to weaker markets both abroad and

at home.

Sitwation of Energy and Electric Power

- Energy and Electric Power Supply Policy -

The responsibility for coordination and establishment of the a;-apropria!lé encrgy supply

_policy lies wnh the Ministry of lndustry, Trade and Toutism (IKIM) The main aspects

and consrderauons of the presenl energy pohcy of Hungary approved in 1993 aré as

l'ollows

- To increasé safcly of encrgy supp!y by means of dnersnfymg lmporl sources 'md

'_mcreasmg the quammcs of energy - e, scrves stored
- - To supply energy at lowest possible costs
- To increase the efficiency of encrgy supply and consunmiption

-~ To achieve the above while satisfying environmental protection requircinents to a

greater extent
- * To increase the ratio of utilizalion of renewable energy sources and resources

- To introduce and satisly conditions of market economy where the costs of encrgy

production and supply are proportional to energy fces andcharg’es‘
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- To develop laws and regulations corresponding to and harmonized with standards

and requirements of Européan Union

- Publicity and clarity of decisions carsied as is cuslomary and appropriate in a

democratic society

Since the enactment of the new Privatization Aect in l995,-lhe'(}overhment has been

accelerating privatization of ‘state-owned energy-related enterpriscs including power

 generation companies. Primary purposes of the Privatization Act in the energy sector

are: to rationalize economically the system of energy supply and consumption, and to
promote installation of modern facilitics that can meet requirements of environmental

protection.

As these processes go forward as expected in the electric power sector, all of the seven
power genération companies and six power disteibution com'pani-es' of the MVM group

will become the independent private companies by the end of 1997,

Although a certain pottion of shares of MVM is sold to these privatc investors, the
Government will remain as the majoﬁly share-holder of MVM. And MVM will be the
majority share-holder of National Power Grid Company (OVIT) and Paks Nuclear

“Power Station Company. Such framework of the electric power industry intends to

secure the national interests while increasing the efficiency of power genieration and its

supply.
Demand and Supblj( of Energy and Electricity
1} Total encrgy source

The encrgy supply total was inceeasing up to 1985, but it sbarply plumped afler
1989 due to the severe economic recession.  Remnaining in the lowest level for three
years (1992 - 1994), it took a slight recovery in 1995.

© 2) Electric power generation and consumplion

Figure 2.2.1 shows the trend of electric energy production and consumption in

Hungary.
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Figurc 2.2.1 Teend of Electric Enetgy Production and Consumption

The total consumption decreased continuously from 1989 to 1992, then turned to
gradual increase. Power generation (gross production) decreased temporarily in 1990,

but is showing constant increase afterwards.

Cut of the gross electricity production at 34.04 TWh in 1995, the power plants of the .
MVM group produced 33.20 TWh (97.5 %). In 19_95, nuclear energy accounts for
42.3 % of the tofal primary energy consumed in the MVYM group povwer plants,
foltowed by coals at 25.9 %, fucl oit at 16.5 %, and natural gas at 14.8 %. Brown coal
and lignite, which are produced in Hungary, will remain as important fuels for power

generalion.
Qutline of Electric Power Facililies
Figure 2.3.1 shows an outline of electric power facilities in Hungary.

Table 2.3.1 shows the power gencration capacity in the country since 1985.

Commissioned generation capacily in 1995 was 7,403 MW.

The power {cansmission system within the country consists of 400 kV,220 kV and 120

'KV lines. The 750 kV line is used for interconnection with Ukraine. The power

disiribulion is undertaken by the six power distcibution companies in the respective

regions.
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2.4

‘Table 2.3.1 Power Generation Capacity in Hungary

Year Comimissioned Capacily Available Capac.i"i} ------
MwW) W)
1985 | 6220 1 5,922
1986 6,680 6368
1987 6,924 6,704
1988 7,172 6,907
1989 7,168 6,784
1990 7,184 6,812 B
1991 7,193 6,704
1992 7,278 6,662
1993 7,404 . 6,566 T
1994 7317 6,676
1995 7,403 6133;1

Source: MVM Statistical Data 1995, June 1996.

Projection of Electric Pawer Demand
The Hungarian Government expects annual economic grouih of | - 3 % fat a long
term accompanied by a substantial increase of energy demand. The total energy
consumplion was projected to increase from 1.063 PJ in 1995 to somewhere between
1,150 - 1,330 PJ in 2010.
The electric power consumption and the required power generation c_apaéil_y pfojét:lcd
by the Ministry of Trade, Industty and Tourism (IKIM) z_ire shown in Table 2.4.1.
‘Table 24.1  Electric Power Demand Forecast by 1KIM
1995 2000 2005 | 2010
Electric power consvmption 36.5 37.0 - 40.0 | 40.0-44.4 | 43.3-49.3
(TWh) :
Nominal capétity . (MW) 7.536 8,130 8,630 . 9,100
Real capacity (MW) 7,400 7830 | 8330 | 8800

Source: 1KIM, Januéry 1997.

As shown in Table 2.4.1, the electricity demand is expected to increase steadily cven
with the most pessimistic scenario. Since many of exisling power plants will not be
able to operate for another 10 years without substantial modification because of the
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environmental protection requirements, construction of new units and modernization of

existing units are utterdy needed.

Since new installation or scale-up of riuclear power plants will face considerable social

difficulties, electricity demands have to be met fargely by thermal power plants. The
reconstriiction project of Borsod Power Plant, in which domestic coal is used at
maximum while introducing power generation facilities that salisfy environmental
protection requirements, is considered to be of great importance in view of national

interest.
Outlines of Borsod Power Plant and Existing Development Plan
Outline of the Power Plant .

Borsod Po\;u:; Plénl was establistied in 1957. Tis original aim was basically the electric
power generation. Later on, after Borsod Chemical Plant (BCP) came into operation,
the plant took part in supplying steam to BCP and supplying hot water to the district

heating system in the iicarby area of Kazincbarcika.
1} Boilers

There are 10 boilers of 100 th capacity. Their major spccificaﬁons are shown in
Table 2.5.1. Eight (8) of these boilers are of Borsod-160-M type, and the other
two (2) are of Borsod-100-R type. They are pulverized coal fired steam generators

with suppleincntary gas and oil firing facilities.

Table 2.5.1 Major Specifications of Existing Boilers

Nominal output th - 100 - m
Steam lemperature °C 500
Operational drum pressurenm bar 794
_jgv_t_f;am pressure at outlet bar 74.5
Licensed pressute | bar | 8232
~Max. output th 110
| Range of load (automatic) | % | 50~100
Feedwater temperature °C 190
tTypeofoit | - | TI520 |
| Heating value ki’ | 33,937 |

'The boilers were reconstructed in four cycles during the period of 1978 - 1988 as
showit in Table 2.5.2. In the recent years, boilers Nos. 5, 6,7, and 8 were taken out

of operation.




Table 2.5.2  Operationat State of Existing Boilers

Boiler No. T ENEEEEENEERERREE

Year of | '“"“'f"'*'f-—-- L I B |
constniction 1955 1955 1 1955 | 1955 1 1955 71956 1956 | 19561 1957 77]?57
Yearof

reconstruction | 1982 1981 ] 1980 [ 1978 1 1979 | 1980 | 1983 | 1984 | 1988 | 1986
Ty e Opératidn _ Standby Operation

2) Turbines

Presently 9 units of steam turbines are installed. Their major specifications are

shown in Table 2.5.3, and their overhanl years are shown in Table 2.5.4

Table 2.5.3  Specifications of Existing Turbines

. 1 Steam T
No. Supplier Type - |. Qulput consumption
I~1V tgga Condensing 32 MW 130 vh
LANG | Condensing/
v Works heating 25 MW 112 th
LANG | Extraction, :
Vi ___‘:Y?LRS Back prassurc. 12.5 MW: | 200 vh
LANG | Bxtraction, : .
VIL | Works Back pressure’ ?‘3 hﬁ'\:_— o 20 tﬂ:
LANG Extraction, : : :
Vi Works | condensing . 6 MW - 36 vh
| LANG Extraction, - = .
X Works back pressure Ifflw B .,__.‘?_O_A_l_’?__m_m
Tﬁble'2.5.4 State of Existing Turbine Generators
Turbine No. | 11 H1 ]V: 7 ',V Vi [ vl |} VIH X
Yearof 1955 | 1955 | 1955 | 1956 | 1980 | 1978 | 1957 | 1960 | 1968
construction ‘

Yearof major | 1905 | 1904 | 1990 { 1991 | 1994 | 1990 | 1994 | 1987 | 1988
overhaul




“Boiler Steain pressure : 165/45  bar

(2) Existing Development Plan
The fcasibility study by MYMMGI on the reconstruction of Borsod Power Plant was
completed in December 1993, The whole cantent of the study is presented in the
following report and the attached volumes.
“Tisza Power Plant, Ltd., Borsod Power Plant, 150 MWe Unit, Detailed Feasibility
~ Study,” December 1993, EGI Rt,, Clicat: MVM Rt.
"The purposes of the reconstruction project are as follows:
1) To increase the power generalion capacity to meet the demand from the national
power system
2) To fulfill the responsibitity of the long-term supply of heat to the region
For above purposes, the following new installation and improvements will be made:
" 1) A newunit of a capacity at 150 MW is constructed within the site of the plantto be
used primarily for power generation. '
'2) The b'oilefs and turbines in refatively good conditions among existing ones ‘are
modernized and repaired (o be used primarity for heat supply.
Major specifications of the main facilitics for the new unit are shown in Table 2.5.5.
Table 2.5.5 ~ Major Specifications of the Facilities for the New Unit
' _Facilily_ K Major Sp’éc;i.ficé_mons . ; Remarks

.Evapor'alion: rale i 460/430  Uh - - | Reheat type CFBC

| Steam temperature : - 540/540  °C .

Turbine | Steam temperature :- 535/535 ‘C Casing: 3 (high/intermediate/iow)

_Generator | Terminal output @ 150 MWe -

Rating output : 150 MW | Bxteaction, reheat, condensing type

| Steam pressure ;' 160/43 bar | Bxiraction stage : Tstoges |

Revolution - L 3;000 Tpm

Note:  One unit of 400 kW diesel generator will be also installed for emergency power sup]ily.
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Chapter 3 Study on Optimal Development Program for Borsod Power Plant

Power Generation Capacity and Heat Supply Capacity
Power Generation Capacity of the New Unit

In the nationat ‘povwer plant’ development policy of the Hungarian Government,
construction of several 150 MW-class power units utilizing local coal is deemed to be
necessary.  These 150 MW units are expected to serve as broad-load power units
capable of wide-range output control. The MVM’s plan for construction of a new 150
MW unit in Borsod Power Plant isin line with such government policy. Iis feasibility
study (F/S) was conducted by a consultant {(EGI) and completed in £993, and this plan

was basically approved by the Government.

Considering such circumslances, the capacity of the new unit is determined lo be 150
MW for the preliminary design in this Study.  However, since the Plant may enlarge its
total capacity in the futire to meet further electricity demands from local consumers or
the national power system, considerations will be given to such possibility in

determining the layout of the new unit.
Heat Supply Capacity

In the FS of EGI in 1993, the heat supply capacity of existing l‘acili{ieéto be renovated
was sludied based on the expected heat demand of 1993 shown in Table 3.1.1.

Table 3.1.1  Heat Demand for Planning =

“Peak Demand (MW) ' Heat Delivery (TJ) |

: Winler: Summer "otal -
29 bar steamy 120 1,2il 379 1,590
5 bar steam 2 124 16 140
6 bar steam 314 342 108 450
Steam sub-total 163 1,677 503 2,180
Hol waler 78 515 _ 85 600
Heat total 241 - 2,192 588 2,780

Since the figures in Table 3.1.1 are very close to the actual figures of the latest years,
formulation of a program for renovation of existing facilities will be done by
assuming the heat supply capacity al 241 MW, and the annual heat demand at 2,780 TJ. .

w
e



3.2.1

(1)

(2)

‘Selection of Boiler Type for the New Unit

~ Conditions for Selection of Boiter Type

Basic Considerations

The following points were taken into consideration for the selection of boiler type for

the new unit,

i) Borsod brown ceal is used as a main fuel.
i1} Emission standards to be applied in ‘2005 need to be sausﬁed
iii) Least cons!mcl;on cost with emslmg technology

" iv) Utilization of the existing F/S report to the maxinium extent
Functional Conditions for New Unit
1) Puly of new wnit

i) New unit will supply power to the national power systein.
ii) New unit will supply heat to the surrounding area.

2) Electric output and heat production

i) Etectric output: 150MW x 1 unit
i) ‘Heat production: 130MW

3} Yearly plant availabiiily

Yearly availability of new unit is assumcd to be 6,000 hours, Iakmg the operational

outage into consideration.

4) Emission standards for the new unit

Table3.2.1 Bmission Standards for Solid Fuel (2005)

Poltutant Concentration (mglm’)
Soot & dust 50
Co | 250
NOx as NO2 400
| SO2 (382MWth) 872
HCH 100
Hy 15

=]




322 Sclection of Boiler Type

The studies were made on two tlypes of beilers:

CFB boiler, as sclected in the past FS,

and pulverized coal fiting (PFC) boiler plus flue gas desulfurization (FGD).

(1) CFB Boiler

1) State of large-scaté CFB boiler technology

There are three power plants in the world that use a CFB boiler of the evaporation

~ capacily at 350 th or more firing low calorific lignite or brown coal:

Texas-New

Mexico Power Plant (TNP-One), Provence Power Plant, and Goldenberg Power

Station.

Table 3.2.2

Features of CFB boilers in these power plants are shown in Table 3.2.2.

Features of Large-scale CEB Boilers in Three Power Plants

Site of installation

TNV-One (USA)

Provence PP (France)

Goldenberg PP
(Germany)

Manufaciurer

Combustion

Stein Industries

EVT Steinmiiller

Engineering
Steam generation 499 th _ 700 v/h _ 400_lfh
Fuel _ Lignite/natural gas Lignite/oil Rhine brown coal
Year of commissioning 1990 1995 1992
Fuel characteristics
Net heating value 15.5 MVkg 13 M/kg -9 MVkg
Ash content 15.5% 28 10 32 % (CaO 57%) 10 %
Moisture 30.0 % It to 14 % 53.2 %
Sulfur content 1.0%. 37 % C 0.5 % )
Combustion chamber - 125.5 x data not available data not avaitable -
Sibx46m o :
Limestone supply yes unnecessary yes
Cyclones 4 pcs, 6.4 (dia.} x data not available "4 pes
225 m
External heat yes (2) yes " none
exchanger {(BEHE) : _
Dust separation Bag type filter " EP - EP .

Ash handling

Mechanical, water
cooled screw
conveyor

Floidized, with cooler

Fluidized, with cooler

Substitatation for CFB
boiler

100% gas firing

heavy fuel oil firing

2 x145 vh oit fired boilrcr
for standby

“Construction cost

USD 150 million

data not available

" data not available




2) Substitution for failure of CEB boiler
Substitution for CFB botler of cach power plant are as follows:

i) TNP-One P.P. : Back up all capacity with natural gas.
ii) Provence P.P. : Back up all capacity with natural gas and 'hc'avy' oil
iii) Goldenterg P.P.  : Two oil-fired boilers of 145 t/h (70% of full load)

3) Problems and solutions in application of CFB boiler in Borsod Power Plant

For application of the CFB ftechnology in Borsod Power Plant, the following
measures should be taken considering that Borsod coal is to be used as the main

fuel.

Problem

Borsod brown coal has high ash content of 35~40 % and sulfur contentof 2 % or

More.
Solution

(a) Reduce total ash content by mixing with import coal of low ash content.

(b) Design appropriate capaéity of external heat exchanger (EHE) according to the
amount of ash geaeration.

() Delicately control the ash separation, recirculation, and EHE systems.

(d)kAdjusl the amount of limestone appropriately so as to reduce the amount of ash
gcncraied.

{2y PCERoiter Plus FGD

PCE+FGD is a combined technology of PCE boiter, which have been in common
use for several decades in Hungary, and FGD.

The limestone-gypsum method, a widely used method of wet-type FGD, has the
following features:

- Tigh desulfurization efficiency (>90%)

- Desulfurization agent is limestone which is available ei’erynhcre in large
quantities at low price.

- High utility and operational safety

- Uilizable by-products (gypsum)

Large number of references, much operational expesience
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- Large space required
- Large quantity of water required
- High investment costs

Sclection of Boiler Type

The two alternatives for the boiler type (CFB+EHE and PCF+FGD) were comparalively
analyzed. The major results are summarized in Tables 3.2.3 and 3.2.4.

The technology of CFB+EHE is judged to be more advantageous in both the initial cost
and the sunning cost for the service life.  Therefore, this technology will be adopted for
the boiler.



Table 3.2.3

" Comparison of CFB+EHE and PCE+FGD (1)

Characteristic

CFB+EHE

PCF+FGD

Principle of operation

Bed material consisting of & mixture of
bed ash, coal, end Emestons powder is
in intensive motion under fluidized
clreumstances a cycloné feeds the bed
ash back to the combustion chamber,
Basically, the heat transfer takes place
within ‘the combustion chamber by
means of coavection.

Desulfurization takes place within lhc
combustion chambet -

Coal will be ground into powder
in milts and dricd by using hot flue
gas. The dried pulverized coal will
be transported by means of the
drying flue gas and blown info the
combustion chamber where il
burns at a high température.

Fuel
Coal

Size

Surface moisture content

Lignite, brown coal, hard coal, oil
slate, wood chips etc. within vary wide
renge of heating value

0.3 to 40 mm, depending on design.

Low, in order to avoid any Lrouch in
fuel supply

Lignite, brow coal, hard coal.

0 to 10 mm, min 75% is below
200 mesh.

Low, in order to avoid nnj' trouble
in fuel supply

Bed maierial

Bed ash, limestone grist, coal, sond

Desulfurizing reagent in the
combustion chamber

Limestone powder, grain size betweea
0.1 and 3.0 mm

Performance

+ Combustion chamber temp.
- Excess ale

- Combustion efficiency

- Boiler efficiency

- Desulfurization

- Ratio ¢f desulfurization

- Calcium/sulfur ratio

- Reduction in mlrogen oxldc
emission

« Rate of load change

- Minimum permanent load

- Other features

77010 860 °C

12t0 1.3

9%

90.3% _

by using limestone in the combustion
chamber

>90%

2010 3.0

Low combustion Icrnperalurc with
multi-stage gir supply

3%min.

Less than 40% of MCR

Low flue gas temperature at the boiler
outlet

Combustion chamber temperature easy
to control

No slag deposit in the combustion
chamber

Setf consumption of el. energy: approx.
6107%

1300 16 1500 °C

121013

9%

861088 %

wet limestone-gypsum procedure
downstream the boiler

>90%

1.05t0 1.1

Low NOx burners with multi -slagc
air supply

3% min.

40% of MCR

Higher flue gas temperature al lhe
boiler outlet.

Good adaptability to variable fuel
parameters.

Combustion chamber susceptible
to slag formation and dint.

Different structural elements
- Combustion chamber

< Gas flow velocity

- Staying time in comb. chamb.
= Fucl supply

- Coal processing

- Others

- Air supply

Membrane wall, wear resistant wall on
its fower part

56 15 mfs

310 5sec _

Fluidized transport from bin, charging
inte the combustion chamber or the bed
ash return line

Traditionat, grinding, homogentzing in
the combustion chamber,

Beoiler capacity ¢an be increased by the
rumber of cyclones,

Complicated, uses various fans and
blowets

Membrane wall

-

o Ssec o _

The pulverized and dried coal will
be transported by means of the
drying gas (o the pulverized coal
burners, )
Grinding, sieving,  mixing,
transport into raw coal bunker,
Verious firing systeins depending
on the ash- and molsture content
of fuel




Table 3.2.4

Comparison of CFB+EHE and PCiF+FGD (2)

Chataclerlstic CFB+EHE PCF+FGD

History

- Date of development The eightics - The sixties

» Number of units already Several hundred, cerain units exceed | Several thousand, mostly at large
commissioried 400 tons/hour power plants

- Max. unit capacity already 250 MW 600. MW (300 MW Boxberg,
|mp!emcntcd Scwarze Pumpe)

- Future vision (for Isgmtc)

400 to 600 MW unit capacity, in

development _
Technical fevel Usual as for small and medivm size | General use in power  plants
: units; several pifot pant of Iarge unit § between 50 and 800 MW
Capaciy.
Retiability Erosion problcms with c}cloms, low | Erosion, cortosion and scaling

part of combustion chamber, haat
exchangeis in fluidbed. _
No practical data for local brown coal
are available,

problerms in FGD

No experiences with flue gas
desulfurization of coals with high
sulfur content.

Operational features
- Sensitivity to load changes
- Operational safety

= Cold starting time
= Stability

Good
Good in continuous operation
Long
Good

Good _
Good. Fall out and scaling
problems may oceur with FGD
The shortest

Good

Maintenance requirements

Mostly erosion problems

FGD shall be inspected for erosion
and corrosion and the deposit in
absorber and pipes shall be
removed

By-products '

Mixture of bed ash and flue ash (ash,
limestone, gypsum etc), depositing
into sturry depot, tends o solidify.

Flyash and gypsum separated
The gypsum produced” can be
utilized '

Space requirement of instaliation

Mote favorable than pulverized coal
firing with desulfurizing

Due to FOD, higher than in the
case of CFB. It can be instatled at
the area available

Time requirement of installation

Usual, however, without knowledgé
of fuel, longer time of commissioning
and adjustment shall be taken into
account

Usual, however, ducto the hlgh
sulfur content, the FGD may

require longer commissioning time

Envircnmental problems

¢

Meets the emission standard by 90 %%

of desulfurization ratio.

End product of desulfurizing is unable
{0 be vlilized.

Meets the emission standard by
90 % of desulfurizaticn ratio.

[ Level of tech nologic development

Adaplable
Environmental measurerments © and
adjustment are necessary for low
quality coal

Adaptable

The results of environmental
micasurements are acceptable;  in
respect of FGD of high power and
high  sulfur = conteat, - further

. experiences are needed
Economle problems
- Investment cosls 135,957,400 USD 174,276,950 USD
+ Specific costs of electric energy 5.9 cealkWh 6.29 centkWh
[ Economic judgment Good Normal

it is mote economical as compan:d to
PCF 4 FGD up 1o about 250 MW unit
capacity.
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(1)

(2)

Selection of Tuibine and Generator Types for the New Unit

"Sclection of Turbine Type

To install a new turbine unit of 150 MW capacity in Borsod Power Plant, the tandem
compound double flow (TCDE), reheat type furbine is selected for the following

reasons:

(@) 210 MW turbine generator units of the TCDF ty.pé have been successfully operating
for more than a decade at Tisza II Power Plant, and been maintained without any

significant problem.

(b) TCDF type is the most familiar layout ‘of turbine gencrator unit in the world
including Hungary. This is the most retiable type of design having much

expericnce of operation.
Selection of Generator Type

The new generator selected is designed as three phase synchro-generator with static
excilalion, of lateral positioned, cytindrical, rotating field, anti-explosion type structure.

‘The reasons for this selection are as follows:

(2) In the many power stations in Hungary, as adopted in Tisza I & If, this type is wildly

_ instalted and well accustomed to operate and maintain.

(b) This is the most reliable type of design, and proven by long history of operation.




- Plani Layouf of the New Unit

" The location of the new unil to be constructed is an unused arca at south-east of the
_existing main building. As the basic layout of the following facilities of the new unit,

two versions “T" and "l", that indicate the relative location of the boiler axle and the

turbine shafl, can be considered.

(2) Turbo-generator building and fecdwates building
(b} CBF+EHE boiler of 460 t/h capacity

() Eieclric precipitator, induced draft fans and slack

(d) Multi-purpose building for eleciric equipment, control room and social facifities

(e) Wetcooling facility with pump building

(f) Electric power: equipment (main transformer, auxiliary transformer, and starting

transformaer)

(g) Limestone plant to be estabtished in the vicinity of the new unit

Comparison of “T" and “ 1" layout versions is summarized in Table 3.4.1.

Table 3.4.1  Comparison of “T” and “1” Layout Versions
View Point Layout T Layout 1
Footing arca of machine hall 60 x 27 m =1,620 m? 48 x 45 = 2,160 m?
Cost of eslablishing.lhe machine 100 % 170 %
hall- _ _ .
Bridge crane’s span appr. 25.5 m appr. 43 m
Cost of installing the crane 100 % appr. 300 %

Status of the assembly port in
case of extension

To be established again

Remains unchanged

Railway sidings to be liquidated

Track Vil to the old inachine hall

. v

Track V1l and Track V)il to the
' switchyard

Tasks concerning the sidings in None Trace modification of track IX -
case of extension

Accessibilily for extension Acceptable " Good

Design of the high-pressure

steam line between boiler and Acceptable Excellent

furbine : _ '

Trace design of the sheathed bus-

bars between gencrator and main Acceptable Eeonomical and good

transformer

From Table 3.4.1, the version T is considered to be morce advantageous, primarily due

{o the smaller arca and votume of the machine hall (lurbine building). Therefore, the

T layout shown in Figure 3.4.1 is chosen for the new unit.
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Fuel and Limesl.one Supply Plan
Fucl Supply Plan ._ |
Availability of Borsod Coal

1) Existing coal mines

In Borsod Power Plant, the mixture of brown coals from (he mines of Lyuko,
Feketevolgy and Putnok are mainly used at present. The characteristics of these

three mines dre as follows.

+  Production is made by broad profile exploitation secured with up-to-date self-

moving shiclds.
*  Culting is done by high performancé culting machines.

«  Undecground transporlation is modern with a sufficient capacity without

limiting coal extraction works
*  The work at a coal face is done by the method calfed “ supplementary work” .

*  Many open drifts, gangways, stopés are further and further away from the

entrance.

»  Coal of the size smaller than +20mm is separated at the mine and the (ransferred

to Berente Grading Station.
2) Minable reserves of Borsod brown coal

The minable reserves of Borsod brown coal are shown below.

Name of mine * Minable reserve Heat value
Lyuko 28.0 Mt 11.0 Gikg
Feketevolgy 3.0 t1.0
Putnok 3.0 | 'iZ.OI .
Total | 34.0 1.1
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4)

Coal production plan

The Government has guaranteed financing red-ink production of Fekelevolgy and
Putnok mines only until in 1998, In consequence, regional coal production of
local mines will fall betow 1,000,000 ty by the year 2000.

The prodiiction from cach mine before 2000 is shown below.
wnit: 1,000 ty

Name of mine . | 1997 1998 1999 2000
Lyuko - 880 880 880 880
Feketevolgy 260 260 260 260
Putnok 480 480 480 480
Total ) 1,620 1,620 1,620 1,620

After 2000 the following production figures are expected at Lyuko mine.

2001-2010: 800 kuy,
2011-2082: 500 kty

Its coal reserves will be exhausted thereafler,

It is possible to increase the amount of coal supply to Borsod Power Plant by 15-
20% from the present tevel by reducing the amount of coal supply te domestic use.

‘Development of a new coal mine

The d;.e\'ciopmcm of Dubicsany coal mine was started in 1980, but interrupted under
the economic and social reforms at the beginning of the 1990s. Since then, the
dévclopment has not been resunied due to the following problems pointed-out by

experts:

+  Tectonics, especially smaller faults must be investigated.
*  Watec breaking in the mine, and other risks must be clarified.
* A sufficient environmental impact study is necessary.

+ ¢ Further investment must be actuated.
Some characteristics of Dubicsany mine are shown below:

+  Exploilable coal resources  : 70,122,0001 (Approx. 5% of the cqually
“qualified brown coal resources of Hungary)
+  Depth of coal bed 1 53~306m (average depth: 206m)



""Qfsif

(2)

+ Average thickness of coal seam  :3.2m
* Net heat value _ :10.26~14.14 Mlkg

5) Coal price at Borsod Power Plant
507.00 HUF/GI (1997)
6) Problenis of Borsod coal resources

Unless new miines are developed before 2012, Borsod coal will be exhausted. = For
lhis‘rea_son.'it is necessary to resume the development of Dubicsany mine before

2007, or secure necessary supply from neighbdring mines,
Procurement of Import Coal

Power plants are not allowed to use imported coal for protecting domestic coal mines,
and have steictly observed this regulation. However, normal coals can be imported for

boilers of newly installed units. The maximum demand is 200,000 tonsfy.
1) Estimated import coal price at the Power Plant

In case of coal from overseas, the price of coal coming from ‘certain countries is
determined in proporiion to the heat value. Around 50% of the pricc of import
coal at power plants is the t'ransponation cost, and this percentage increases in
inverse proportion (o the heat value. In the case of coal imported from Central
Europe or the CIS counlries, the percentage of the transpettation cost is smaller than
that of coals from other areas. Therefore, this cass is advantageous far the Borsod

project.

More accurate price figures will be available only after the actual delivery contract is
concluded, since the price depends significantly on several other factors as well
(contracted quantity, contract period, terims of payment, cic.). On the basis of the
study of several cost componénts of 1996, the prices of import coals at Be;ehte

grading station (Borsod Power Plant) is estimated as shown in Table 3.5.1.
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Table 3.5.1  Price of Importéd Coal at Borsod Power Plant (1997)

Gross Cal. ___Route
Place oforigh | Valwe | L [ [ m | v [ V. |
Gln - HUF/GJ
Australia’ 281 | s 460 413 |. - -
" South-Africa | 268 | 496 | 429 | 380 | -
US.A 28.1 | 468 404 358 - -
Columbia 281 468 | 404 { 358 Eo
Indonesia 28.1 s12°| 449 | 402 | - | -
~Poland | 2638 - - - - _ 231' -
Czech Republic|  26.8 . - - 354 -
CIS countries 268 - - - . 318
Routes:
1. Rotterdam - water-carsiage (DMR channel) - Port Budapest - raitway transport -
Berente

. " Rijeka port - railway transport - Bcremc _

1. Constanta - water-carriage (Danube) - Dunadjvéros - railway transpoit - Berente
IV. Bénréve - railway transpott - Berente

Y. Zshony - railway transport - Berente

2) Desigu price of import coat

On the supposition that the coal is imported from Poland, Czech and CIS countries,

the net heat value and the price at Borsod Power Plant are assumed to be 25.6 GlAon
and 318 HUF/GIJ, respeclively.

{3} Design Fuels

- 1) Coal

The coal types and mixtures to be considered are as follows.

Casca: 100% Borsod brown coals mixture
Net heat value: 9.0 Ml/kg

(when belter quality portions are supplied to domestic use)

Caseb: 50-50% mixture of Borsod brown coal and imported hard coals on the
base of heat valve
Net heat value:  13.32 MYkg
(74% brown coal and 26% hard coal on the weight base)
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" Casec: 100% Borsed brown coals mixture
* Net héat value: 11,30 MJkg
- {(when better qualily portions are also supplied to the Power Plant)

Case d : Lowest quality Borsed brown coal
Net heat value: 7.56 Mi/kg

The cgal to be used in the newly installed CFB boiler is assumed to be of Case b.
Tables 3.5.2 and 3.5.3 show the characteristics of coals to be used.

Table 3.5.2 Characteristic Data of Coals to be Used

| Borsod brown coal - Imported hard ooél

B _ Chg_racteristics
Net heat value (MdJrkg) 9.0 26.6
Grain size {mm) 0to 20 0to 20
% Ash (%) 36.45 11.25
Moisture (%) 24.8 9.5
Carbon (%4) 24.3
Hydrogen (%) 2.17
Oxygen (%) 9.08
Nitrogen (%0} 0.5
Sulfar (%) 2.2 0.8.
Table 3.5.3 Design Coal
Borsod/imaport coal 50:50 heat base
| Net heat value 13.32 Mdikg -
Ash 299 %
| Sulfur 18%
2) Natural gas and fuel oil
g‘:% The characteristic data of natural gas and fuel oil to be used are summarized in

Tables 3.5.4 and 3.5.5.

Table 3.5.4  Characteristics Data of Natural Gas to be Used

~_ Components R - Content
cl (% vol) - 98.51
e2 (% vol) 0.32
3 (% vol) ' - 013
ot (% vol.) 0.05
¢ (% vol.) 002
c6 (% vol.) 0.01
- CO2 (% vol) 0.04
N2 (% vol.)) - 0.92
Relative density at 15 °C 0.563
Net heat value (MJfm%) - 33.04
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Table 3.5.8  Characteristics Data of Fue§ Oil to be Used

B Light fuel oil (FA-60/80)
Viscosity ) :
at 20 C° (minimum} (mni’l_s) 8
at 100 °C (niaximuny) : {mmis) 4.4
_Flash point by Cleveland's method, min. - (°C) 101
Pour point ~ 0 | . -20.
Sulfur content : - (%) below 0.2
Relative density at 15 C°. : 1.005
Heat value ) : MJ/ke) 410

3.5.2  Limestone Supply Plan
(1) Quality and Quantity Requirements
1} Quality requirement of limestone
a) Composition

The mosl impertant component of limestone as a desufurization agent is CaCO3,
whose content should be at least 93%.

| 'b) Grain size

The raw limestone supplied from imines is crushed at the Power Plant.
However, for the secured operation, the Power Plant will have also a facility to -

. receive limestone grist.

Raw limestone: 0 - 50mm

Limestone grist for CFB: 0 - 3.0mm
2) Limestone consumpltion in CEB boiler
Qd =442 ¥
:('2) Procurement Possibility

 In the Borsod area, there are three supply sources of limestone. These are as

| follows;

- Hejbdcsabai Mészkéfeldolgozé Re. (HCM) Hejocsaba:
30kwin away by railway from the Power Plant.
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- Bélapétfalvai Cement és Mé&zmi Rt. (BCM) Bélapéifalva:
' 58km away by railway from the Power Plant.

. OMYA Eger Mészkdfeldolgoz6 és Firtckesid Kit. (OMYA) Eger:

76km away by railway from the Power Plant.
(a) It is considered that limestone from all of above can satisfy quality requircments.

(b} All of above mines are required new development in order to supply Borsod Power

Plant with a sufficient antousit of limestone with a suitable particle size.
Procuremeiit Costs

The FOB prices of limestone were estimated as follows by referring the price of the
limestone from the Transdanubian mine located near Transdanubian Power Plant which

has a modernization program similar to that of Boisod Power Plant.

a) Raw limestone (0 to 50 mm), leaded into wagons : 360 to 720 HUF/ton
b) Limestone grist (O to 3 mmy), loaded into wagons : 1,300 to 1,600 HUF/ton

Railway Transporl

In consideration of quantity and environmental protection, closed type railway wagons
will be used.

Limestone Price to be Expected at the Power Plant
Based on the above, the limestone prices at the Power Plant are as follows:

(a) Raw limmestone {0 to 50 mm) ; 900 to 1,400 HUF/ton - -

(b) Limestone grist (0 to 3mm) ¢ 1,700 to 2,800 HUF/on
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Slag and Ely Ash Transport System

‘Existing Slag and Fly Ash Transport Facilities

For transporting slag sturry and fly ash from the slurry center to the storage area, two

systems established at different times are provided in the Power Plant.

1)

2)

Thin slurry method

The thin slurry system was reconstructed during 1988 o 1990. Future use involves
the problem of sthurry waler infi!traling the ground.” For the amount of the slurry
water infiltrating the ground associated with the' storage of slag and fly ash
according to this method, North- Hungary Environmentat Protection Insp’écloratc
(EKF) and North Hungary Water Managément Authority instructed that the amount
of the infiltrating water be not greater than 10 m’Aay for the storage area of 34.2

ha. Accordingly, it is practically prohibited to store the sludge using this method.
Thick slircy method

For solving the above problem, a thick shidge technigue was developed in Hungary,
and its operation was started in the Plant in 1995 to 1996. In a slag and fly ash
storage area, thick sturry is solidificd by the same method of solidifying concrete.
The technique reduces the amount of ash scattering from the sludge storage areas

and the amount of water infiltrating into the soil.

‘According to the explanation by Bors'pd Power Plant, it completed trial runs using

this technique and stacted full-scale operation in the suramer of 1966. However,

there still remain problems to be solved including the permeabitity of water.

Possibilities for 'Slag, Bed Ash and Fly Ash Transport

In principle, there are three ways of {ransporting combustion residues to the disposal

1))

3)

©oarea.-

Vehicle
Conveyer belt system

Extension of the existing pipeline system
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{3)  Comparison of the Transport Methods and Conclusion

It seems that the thick sturcy system using pipelines is in trial run at present.  As shown
in Table 3.6.1, this thick slurry system has many merits in éomparisoh to other sj,rstcms.
Based on this, the problem of the slurry water infiltcating into the ground should be
sofved by using impermeable sheeis and water recycling systems in slag and fly ash
slorége areas, and this pipcline system should be used for the transport.

Table 3.6.1  Comparison of Transport Methods for Combustion Residue

(Transport between the power plant and the slurry area)

Coricern _Transport by truck | Transpoct by conveyer | Transpoit by piping
Operation time | 2shifts 2 shifts conlinuous
Irivestment cost very high very high noderate
Maintenance denand | high moderate high
Opeiation cost very high moderaie moderate
Stalf* 30 persons 18 persons 12 persons
Deposit watering _necessary necessary nol necessary
Deposit solidification | none none expectable
Watertight block "| not necessary not necessary NOCESsary

* Only in the moislurizers and the slurry center
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3.7 Renovation of Existing Facitities
371 Boilers
(1)  Exisling Boilers

At preécm, in Borsod Pd“_er Plant, there are ¢ight Borsod-100-M type boilets and tvo
Borsod-100-R type boilers constructed by _MHD._ ‘These are steam generators burning
pulverized coal (100th steam), equipped with gas and fuel-oil aixiliary busning

facitities.
(2) Consideration of Renovation Plan fot the Existing Boilers

1)} Selection of the boilers to be renovated

Renovated existing boilers will supply heat in accordan.ce with the agreements with
nearby enlerprises and local governments. Four of the .exisiing boilers will be
renovated to conform the heat demand. Judging from the boiler conditions,
boiters No.5, 7,9 and 10 will be renovated.

2) Mecthod for the renovation
Two alternatives are considered for renovation of four existing boilers.

i) A semi-dry, watcr-saving lype desulfurization system is installed to existing
pulverized coal firing (PCF) boilers to decrease sulfur oxides.

C i) ‘Gas or fuel oil is burned in boilers with the decreased combustion

chambérs volume (heat fransfer area). %

a)  PCE-flue gas desulfurization (FGD)

Considering the following characteristics, a semi-dry, water-saving type FGD

system was selected for examination.

i)  Itis possible to recycle unreacted time collected from circulating fluidized
bed (CIB) boilers.



ii)  Less industrial water is consumed.

In a seini-dry desulfurizer system, SO2 in exhaust ‘gas is contacted by sturry
‘conlaining sprayed fresh slaked lime and absorbed by the slterry.  Main

products from this reaction are calcivm sulfate and calcium sulfite.
b} Natural gas and fuel oil combustion

Gas or fuel-oil combustion requires reduced area of heating surface.  However,
il_no-longér réquires any electrostatic precipitator (EP), flue gas desulfurizer
(FGD) " or ash d_ispésal facility.  This is advantageous for securing
environmental prdtcction.' It is also possible to shorten the time of

reconstruction and associated outage.

i) The bottom membrane water-walls and funnels of existing boilers are cut

off, and equipment for bottom ash and coal combustion is removed.

ity New membrane water-walls are welded air tight to existing vertical
membrane walls. In addition, two alternative burners are installed on the

optimum positions. -
iii) Exhaust gas reeycling fans are newly instatled.

iv) Economizers and air preheaters installcd on the second pass and third pass -

are adjusted to the optimum positions.
The above improvements guarantee the boiler eﬁfl‘ic'iéncy of above 50%.
(3)  Seleetion of Boiler Renovation Method

Comparisons of above-mentioned two boiler types are shown in Table 3.7.1. Itis clear
that natural gas and fuel-oil combustion is superior to that of PCF+FGD.



Table 3.7.1  Comparison of Boiler Renovation Methods

Hem : PCF+FGD Gas and Ol Combustion
Main facilities To install desulfurizer To remove bottom of fumace
To remove coal firing system
To install EGR system
To install gas/oil buracrs
Environmental protcctlon Eleclrostatic Precipitator Low-NOx Bumer
facilities Semidry Desulfurizer .
Ash disposal facility Original N Not necessary
Fuel supply facility Original Extenston of gas supply system
Ta install fuel oil tanks
Operation technology Though operation boiler is same, | Even conventional operation technology
opcrational technology for FGD { will be applied becouse of the
will be noodod automaltion
Environmental Not to exceed the Emission | Not to exceed the Emission Standard in
cansiderations Standard in 2005 2005 .
Tacitity cost 62,710,000 USD _ 46,818,000 USD
O & M cost 3.2%/y 2.5%ly
Operators 70peisons ' 53 persons
:(')3'}:1'311 Evaluation Fair Good

312 Operation Plan of Turbines

For the operation plan of turbines correspondmg te the reconstruction of four boilers,

the followmg, two cases were examined.

Case 1: 'l‘ljrbines No. VI, VII, and X will be used for steam supply, and No. V (and
" No. VIt if necessary) will be used for healing. There will be no more

condensmg power productlon

Case 2: A new 32 MW doublc extracuon {29 bar and 15 bar) condcnsmg type turbme

will be introduced to supply steam and pomr and No. V and ViI turbines will

" be used for heating
By comparing above cascs, Case 2 has following édvanlages over Case 1:

: (1) Long-term supply of power and heat is ensured by the installation of the new
turbine.

'(2) The new turbine can be switched to the existing 40 MVA generator.

(3) The present income structure of Hungarian power plants makes this scenario
more advanfageous.

By consideﬁng above, Case 2 has been sclected as the operation plan of turbines.
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Chapter 4 Preliminary Design of the New Unit
Main Componenis and Plant Layout

Main components of the new 15¢ MW unit are as follows. The layout in the whole
plant arca is shown in Figure 4.1.1. The main components are located next to the

south-east part of the existing plant.

- Boiler system {including a electrostatic precipitator, induced draft funs etc.)

- Turbine system

- Generator and auxiliary electrical equipment

- Imported coal receiving and storage, coal mixing (domestic and imported coal),
coal feed system

- Limestone receiving, storage, girding and fecd system

- Fuel oil tanks and pumps (including fuel oil piping)

- Slag and fly ash handling system

- Fresh watef supply system

- Cooling water system (including a cooling tower)

- Feed water tréatnient and wastewater treatment system

- Transformers and switch gears _

- Auxiliary poWer supply system, air conditioning system, air _compreésms cle.

- lnstrumeﬁlation and conlrol system ' .

- Buildings (for boiler, turbine, heater and ceniral control system é(c.)

- Stack ) ' _

- Transportation facilities {rail network and roads ix:éicfc the plant)



1 Turbine hall

2 F.W house

3 CFB + EHE Bailer

4 Electrical & Conirol Bldg.
5 Elaclroslalic Precipilator
6 LD, Fans

7 Stack

8 Cooling Tower

9 Limesfone plant

10 Wafer treafment plant
11 Waosle waler basin

12 Qit slorage

13 0if pump house

14 Slunry cenler

15 Transformers

16 Air slation

Scale
= ]
Om 25m 5Em 7gm100m

0~ 8Okt

Active brogn coal yard J]E 3 {
X

TR W

e

< Pameny - Boleay 402 - W

< Poppers. Ced - Mufn road Hr J€ - Mirinieed

Figure 4.1.1. General Plant Layout,
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4.2 Boiler System
(1) - Basic Data for Planning

Based on the results of the study in Chapter 3, a citculating fluidized bed (CFB) boiler is
used for the new unit. The basic data of the boiler for planning is as follows, Top

and sectional views of the proposed boiler are shown in Figures4.2.1 and 4.2.2,

respeclively.
Unit capacity: 150 MWe
Type of boiler: Circulating fluidized bed (CFB+EHE)

Steam parameters: _

- Max. steam generaling capacily (MR): 127.8 kg/s (460 th)

- Max, permanent staam generaling _
capacity (MCR): 126.1 kg/s (454 vh)

Live steam paramelers at boiler outlet:

- pressure 165 bar
- temperature 540 °C
~ Reheated steam parameters: . _
- mass flow 117.9 kg/s (424 vh)
- outlet pressure 45 bar '
- outlet témperature : 540 °C

i Steam extraction between the reheater stages: B
- mass flow : max. ° 19.4 kgfs (70 vh)

- outlet temperature : 420 °C
Feed water temperature at ECO. inlet 243 °C

Emission limits of air poltutants in the dry flue gas at 273 °K and o3 kPa with 6%

oxygen content:

- SO max. 400 mg/Nm*
NO«x: - max. 200 mg/Nm’
- Dust: _ max. 50 mg/Nm’

(2) Major Specifications
1) Boiter facilities

Combustion chamber Natural circulation, water cooled, welded membrane

wall structure
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2)

3)

“Drum

Cyclone

Bed ash circulating system
Superheater

Reheater

Fuel pre-heating

Boiler casing

Adr preheater

* Stéam heated air heater

Seot blower

Ait and flee dict

- Single-druin, with drop separator, welded structure

Centrifugal separator

“Efficiency: 299.5%

Externat fluidized heat exchanger
Heat transfer by means of convection
Heat transfer by means of convection

Blank pipe

‘Corrugated steet sheet

Regénerative

Fine-ribbed |

Steam injection type with automatic or nranual
operation |

Steel plate, wetded struclure

Coal and liniestone supply system

Coal bunker

Coal feeder

Limestone bin

Steel plate with waler resistant cover
Quantily: 4 units

Czipac.ily: 18 hours of opération at MCR load
‘Frough-chain conveyor

Quantity: 4 units

Capacity: 110 tonsfhour in total

Steel plate

Capacity: 1 day of operation at MCR load

Limestone grist fluidizing compressor

Gas/Gil fired equipment

Ignition burnees

Main gas burners

Oil burners

Screw type compressor

© Capacity: 2300 m'/h

Buraer with electric ignition
Capacity: 15% of MCR in total
l{igh}prcssure gas burner
Capacity: 100% of MCR in total
Steam atomizing gun

Capacity: 30% of MCR in total



&

3

4}

Air supply cquipmcnf

Primary air fan Centrifugat
_ Quantity: 2 units (260%) with inlet-side AH

Secondary air fan Centrifugal
Quantity: 2 units (260%) with inlet-side AH

Flue gas fan Ceatrifugal

Quantity: 2 units (260%) with cooled bearings
Bed ash fuidizing blower Blower
Quantity: 2 unils

Firing Equipmeiit

)

2)

Design fuel

The quality of solid fucl for the CFB boiler can be chosen from a relatively wide
range. Basics of planning and environmental aspects taken into consideration,
Borsod brown coal is mixed with imported hard coal by 1:1 on the heat value basis.

The characterislics of these coals are summarized in Table 4.2.1.

Combustion

In the ﬂmdszed free board, the coal is burnt at'a Iemperalurc of about 850 °C The
fMuidized mcdla are coal, bed ash and limestone. Air and flue gas serve as
fluidizing media. Part of the air (the primary air) enlers at the bottom of boiler,
while the other part is fed at the conical part of the combustion chamber.” The low
temperalure in ‘the combustion chamber and the multi-stage air inlel hw., a
favorable effect on supressxon of thermal NOx general:on .

Suifur in the fuel is fixed through (he reaction with the limestone added, and

collected from exhaust gas by 90 % or more.
Bed ash

The bed ash is separated from the combustion products, that leave the fluidized free
board, in the external cyctones. The bed ash thus separated is fed back directly on
the one hand, and through the external heat exchanger (BHE) on the other hand, to

the combustion chamber.



Table 4.2.1

Characteristics of Coals

7 ‘Characteristics Borsod Brown Coal Imported Hard Coal
Net ealorificvalue, Hi, MJ./kg 7.66 to 5.16 avg. 25.6
{avg. 9.0)
Grain size 0 to 20 0 to 20
Coal.analysis
Ash % 36 to 42.8 6 to 16.5
{avg. 36.45) (avg. 11.25) -
Moisture % 21.6 to 25.7 61013
(avg. 24.9) (avg. 9.5)
Average carbon % 24.8
Average hydrogen % 2.17
Average oxygen % 9.03
Average nil.fogen % 2.5
Average sulphur % 2.2 (avg. 0.8)
Ash analysis _
Si0; % avg. b1.0 40 to 80
ALO; % avg. 188 14 to 37,5
Fe,03 % avg. 13.2 2.6 to 20
Mg0D % avg. 4.2 0.2 to 5.5
CaD % avg. 8.0 “0.64 to 12
Nay0 % avg. 0.8 0.1t02.2
K0 % avg. 2.2 03tob
"850:% avg. 1.8 " 03to8
TiO: % . 0.6 to 3.1
P.0s % ) . 0.01 to 1.5

4) High capacity natural gas bueners

" In the case of profonged failure of the coal suppfy line or the fuel residue removal

system, or the capacity of coal bunkers or ash slorage is insufficient for the

continuous coal firing, the full (100%) steam generation capacity of the boiler

system is maintained by natural gas firing.




4)

&)

(6}

)

1))

Desulfurization System

Crushed limestone is added by means of a pneumatic system. The daiiy bin contains
crushed Yimestone sufficient for 24 hours of operation. It is fed antomatically

according to the desired rate of desulfurization.
Steam System

The boiler is of natural circulation and the membrane wall design, suspended from
above, expanded freely downwards. In the sécond pass, two superhealers for live steam -
and one superheater for reheated steam are mounted, with one stage of cach superheater

submerged into the cooler of the external bed ash.
Bed Ash Handling (Figure 4.2.3)

The bed ash cooler is connected to the lower part of fluidized free board for removal of

excess bed material.  The bed ash is cooled down to 130 °Cby air and cooling waler.

Flue Gas System

'Flue gas from the free board enters into the cyclone first for separation of the bed ash.

The flue gas that containing fly ash is cooled down to 130 °C by heat exchange at
convéction surfaces of the boiler, economizers, and air preheater, and flows into the

electrostatic precipitator (EP).

Flue gas from the BP is directed into the new slack.  The 02, CO, NOx, SOz and dust.

concentrations are conlinuously measured.
Emission of Air Polhitants

Based on preliminary data acquired from suppliers, the cancentrations of pollutant
emissions expected in the dry flue gas at 273 °K, 101.3 kPa, and 6% oxygen content are

as follows:

SO:: max. 400 mg/Nm3
NOx:  max. 200 mg/Nm3
Dust; max. 50 mg/Nm3

" The design mixed coal has a heat value of 13.32 GJA and a sulfur content 1.8%.

" Therefore, supposing that the rate of desulfurization is 90%, the SO” concentration in

exhaust gas is 694 mgMNm’. - This figure meets 872 mgMNm’, the emission standard
applicable to the new 150MWe unit (382MWih).
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43 'Tutbi:nc and Generator System
(1) Steam Turbine
1) Basic Design Data
Basic design data of sleam turbine are as follows.

Type: Three-housing of condensing and reheating operation with both controlled

and uncontrolied extraction

Rated capacity:
150 MW at the generator terminals in condensing mode

Steam parameters at turbine inlel:

Main steam pressure at turbine intet: 160 bar (abs)
Main steam temperature at tusbine inlet: 535 °C
Reheated steam pressure at turbine inlet: 43 bar(abs)

Rcheated steam temperature at turbine intet: 535 °C .

Outiet presstire:
0.07 bar(abs) under the design condition
0.09 bar(abs) at rated load and 430 °C ambient temperature’

‘Speed:- 3000 rpm

Control system: ‘ _
Blectro-hydraulic conforming UCPTE

The flow diagram of steam/water system is shown in Figure 4.3_. i _

The rated output of the steam turbine is 150 MW on the generator terminals. - The
output of the turbine in condensing operating mode and with heat output is shown
in Table 4.3.1. ' :

4-11
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Table 43,1  Steam Turbine Qutput

Operational condition Pure condensing operation With heat owtput
Paramcter a b ¢ d a b c - d

Qulput on generator MW | 15060 1125 11529 | 147.7 1 1220 | 1245 | 48.6 48,2
termrinals -

Electric output ' MW 132.0] 1013 | 139.8 | 134.8 | 110.3 | 112.7 | 40.5 40.0
Total heat output - MW 1300 1 123.0 | 100 5.0
Heat transfer in the - MW | 188411300 | 1785 | 183.8 | 88.1 919 | 56.7 61.6
condenser

Note: : o

Condensing operating mode
a. 415 °C ambic¢nt temperature (the above design condition)
~ b, Optimum load at 75%
¢.  Maximom load at -15 °C ambient temperature
d.  Maximum lead at +30 °C ambient temperature
With heat output
a.  Maximum heat demand during winter:
Max. load al -#5 °C ambient temperatuee
b. Heat demand during winter:
Max. load at -5 °C ambient teinperature
¢. Heat demand during sommer:
Min. load (30%) at +15 °C ambient temperature
d.  Minimium heat demand during summer:
Min. load (30%) at +3@ °C ambicat temperature,

2) Auxiliary equipment of steam turbine
Auxiliary equipment of steam turbine is as follows.

- Condenser: Horizontal, single flow type with condensate sink and condénsate _
cleaning system |

- Feed Water Heaters

- Lubrication and Regulator Oil System -

- Steam Turbine By-pass System

- Condensate Pump

(2) Generator

The generator is a three-phase generator coupled directly with the turbine shaft and

cooled by air/water heat exchanger.

Rated capacity: 187.5 MVA,cos i 0.8
Rated voltage: 15,75 kY 15%

Rated frequency: 50 Hz

Rated speed: 3000 tpm

Relevant standard: IEC 34

The excitation equipment is of static type, with duplex power supply. The continuous
power supply is ensured by means of antomatic switch aver between two feed lines.



4.4 Fuel Shpply_ and Handling System
4.4.1  Coal Supply System | |
(1} Design Condilion
1) Coal consumplion

The maximum coal requirement of the Power Plant is as follows:

* Boiler load: 1 x 460 vh
» Heat input with fuel: 382 MWih
+ Coal consumption: 103.2  th

Borsod brown ceal: 704 - Uh
Import hard coal:  26.8 th

2} Capacity of coal transporting facility

Por determining the delivery capacity, the following conditions are applied: 8
hours operating time and 75 % efficiency. Therefore, the delivery capacity

necessary for the coal handling system is calculated as follows.
(24 hx 103.2 vh)/(0.75 x 8 h) = 413 th
Based on the above the transposting capacily is determined (o be 600 vh.
.5) Required days of coal resesve

Power Plant coal stockyard: 30 days
External ¢oal stockyard: 60 days

6} Daily storage capacity of the coal bunkers in the boiler house

The net volume of the coal bunkers for the boiler is 6S0m®. Therefore, the total

storage capacity of the bunkers is
4 %650 m*x 0.8 ton/m® = 4 x 520 t = 2,080 ¢
This capacity is enough for 20 hours of continuous service without recharging.

4 x 520 t7103.2 th = 20 hours

4-14




(2)

Rating Data of the Coal Handling System

The layout of the coal lranspoﬂing system is shown in Figure 4.4.1 and the flow

diagram of the coal receiving, storing, mixing and delivery system is shown by

Figure 4.4.2.

N

2)

3)

4)

')

6)

7

The existing parts of the coal system require full renewal, and such renewal can

make them fit for further 30 years of opesation.

In order to provide a unifo_rm js.liength to the delivery system, the capacily of
discharge conveyors No. 11 and 16, which are on the crane bridge, must be raised
to 600 tons/h. '

The 320 th pickup capacity of the crane bridge is not sufficicnt, therefore feeding
capacily from the stockyard within the Power Plant's fences has to be increased by

installing a pickup system that is independent of the gcabbing crane,

Hard coal and brown coal mixing is made during feeding, by adding hard coal to
the brown coal arriving on the belt conveyor. Based on 16 hours of charging time
and 75% of delivery efficiency, required hard coal delivery capacily becomes
112 tons/h.

Due to its low volatile niatter content, hard coal is not spontancously inflammable,
keeps qhality. and can be stored for a long pericd of time.. For its high volatile
natter content, brown coal is sp’onlanedusly inflammable and its heating value
decreases during the storage.  Without compacting, it cannot be stored for a long
time. Mixtures of various (hard and brown) coal types cannol be stored, because

they are highly inflammable spontanecusly.

For the separate storage of the coals of different quality, two areas have to be

considered:

a) The current active and passive coal stockyards of the Power Plant where about
260,000-300,000 m® of coal can be stored

b) The current auxiliary coal storage area of the grader, situated outside the Power
Plant's premise, between the rail track and the ¢oad to the grading plant, where
150,000- 180,000 1’ of coal can be stored.

“The j}article size of the coal suitable for the boiler is© - 20 mm. For Borsod coals,

this size is altained in the grading plant, but impoﬂed coal must be received with

such size.

4-15
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(4)

4.4.2

1y

8) For the receplion, during the summer months, of the impotted coal to the fli_ll
capacily of the stockyard, necessary railway reception capacity is 2,000 - 2,500 4.
Assuming a discharge time of 12 houss with 75% transporling efficiency, this

requires a minimum of 320 vh discharging capacity.
Reception of Coal

1) The Power Plan.l receives the coal basically by cbm’eyor belt from the coal gm‘d'in{;
plant, although direct railway reception and even road truck delivery through the

grabbing bridge storage - pickup system are also possible.

2) The railway receiving system of the grading'plaht consists of five 2 x 50 tons
capacity twin front tippers which are partly in propef \mrking:condili_on, partly
renewable. One ftripper can handle six of the 29 tons wagons per hour.
‘Therefore, the necessary capacily is already avaitable with two wagon tippers; 29 t x
6x2=1348 th

3) Receiving wagons that can behandled by the existing front trippers are limited, and
facilitics for receiving 4-axle wagons used for international cargo Iransport are
necessary.  Consequently, 2 x 50 tons wagon trippers of No. VI positioned on the

track No. V must be replaced with 2 x 50 tons wagon trippers.

Envircnmental Protection

1) Coat dust produced through the coal transport:  local hose filter ventilaling system

2) Coal dust scaitering in outdoor coal transfer areas: _sprinkle system

'3) Coal dust arising during coal handling: = pile surfaces are sprinkled with water.

' '4) Drain containing coal dust: drainage ditch system and sedimentation ponds

Natural Gas and Fuel Oil Supply System
Natural Gas Supply System

The rated capacity of the existing gas supply system is 15000 Nm'h. This is
insufficient to cover the increased demand.  Therefore, two more gas receiving stations
of the capacity equat to that of the existing one will be established. * Thus, the total
capacity of the expanded system will be 45,000 Nm*h, sufficient to operate the new unit
at its rated capacily purely with natural gas firing. In this case, the gas demand will be
about 41,000 Nm’/h.

In addition to the boiler, the limestone drying equipment alse requires a small quantily

of natural gas.

4-18




(2

Fuel ©il Su pj)!y System

For the purpose of supplying oil to the ignition burners (unit capacity equal to 15% of

| MCR) and to the oil burners (unit capacity equal to 30% of MCR) of the new boiler

during gas supply shortage periods, as well as to ensure the oil supply to the existing
boiters, two oil reservoirs of 2,000 m® and 1,000 m* capacity, respectively, sufficient to

cover 5 days of operation will be established.

4-19



4.5 Limestone Handling System

(1) "Main System parameters

Reserve quantity : 3 days
Consuwiiiption : 184 vh (CaIS =3)
Grain size : 0~3 mm '
Daily consumption 442 vd
Daily receiving guantity 2619
Receiving hours ;1.5 b, 5 days fhweek
_ Stomgn capacity + 3,000 ¢, (for 6.8 days)
Storage silo : Raw limestone: 1,300 m’x 1

Limestone grist: 1,700 m* x 1

Bulk derisity of raw limestone @ 1~1.2 ¢m’

Grain size of raw limestone : 050 mm
(2) Location of the Liineslone System

Layoul of limestone system is shown in Figure 4.5.1. The limestone system will be
installed close to the south-east of Borsod Power Plant, of on the south-east from the
railway No. I, Land procurcment of 0.3 ha is necessary as a site added for the

buildings of the limestone system.
{3} Reception and Storage of Limestone
1} Reception of timestone

The raw limestone will be transported to the plant by closed wagons. With 5 days’ N
supply a week, the quantity to be received each day will be 442 4 x 755 = 619 .
The time necessary for unloading the desired daily quantity of timestone will be

approxiinately -7.5 hours.
2) Storage of limestone

It is necessary lo secure a sufficient amount of limestone grist for stable operation
of the Plant. Therefore, at least 1,325 tons of limestons grist will be stored.
Supposing raw limestone is received on five working days a week, storage of at least
2-days load is necessary. That is, 1,210 tons of raw limestene with a grain size of
0-50 mm will be stored.
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In addition, the occurrence of any trouble in the grinding 'syslem should be taken

into account.  Thus, limestone necessary at least for 3-day operation will be stored.

Raw limestone and limestone grist wifl be stored in the silos of reinforced concrete
(RC) in a closed system, with a capacity of 1,300 m3 and 1,700 m3, respectively,

securing the amount necessary for 6.8-day operation.

{4 Outlinc of ' Limestone Sys!eni

Block diagram 6f limestone supply sysieih is shown in Figure 4.5.2.

t)

2)

Receiving the raw limestone

‘The dr-_op-bo'ttom lybe wagons will be unloaded on the discharge grate installed on

the unloading track No. 1 built next to the plant raitway siding No. Va.
Production of limestone grist

The raw limestone of grain size 0 to 50 min is ground to the limestone grist of grain
sizc 0 1o 3 mm. Considering that the raw limestone may co'nlain'humidily
exceeding as much as 10%, drying is required for the subsequent pneumatic
transport of the grist. A rotary drier is envisaged, in which the grist is dried by

means of the clearied flue gas obtained from the eleciric preeipitator of the new

" boiler. The flue gas fed into the dryer will be recirculated through a dust separator

éyclone and a flue gas boosler fan to the inlet of the electric precipitator.

With two-shift work during S:days a \wek at 75% operating ¢fficiéncy, the necessary
crusher capacity is 619 A0.75 X 16) = 51.6 tonshour, which can be ensured by

- using one hammer crusher.

3)

Transport to the daily bin of the boiler

The crush hmestone is lmnspbrled to the daily bins in the beiler house by the

pncumaltic loosening system.
Facilities for receiving limestone grist from external sources

Considering the possibility of failure of the drier, facilities for receiving limestone

grist from external suppliers are also provided.
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5

Environmentat Protection

" The interrclated pfocess lnllils with the limestone handling are of a closed design as

follows:

a) Building for receiving raw {imestone: pressurized air curtain and bag filter

b) Transport by conveyors: closed, using bag filters

¢} Teansportation of limestone grist: completely seated system by pneumatic transport -

d) Venting of storage bunkers: bag filters



4.6

(0

(2)

3

Slag and Fly Ash Handling System
Ouline of System
1) Components of firing residue

With limestone addition, calciom sulfate (CaSQ4), calcium sulfite (CaSO3) and

calcium oxide (CaO) are contained in the firing residue from the CFB boiler,
2) Quantity of firing residues

The quantity of fir_ing residues produced in the CFB boiler with mixed coal

combustion is approximately 44.2 vh.
Collection of Bed Ash and Fly Ash from CFB Boiler

Ash is removed from the fluidized bed through the bed ash separator. The fly ash
separated from the flue gas can be removed from the hoppers of both the EP and ECO,

and transported to the slurry center through the pneumatic transfer system.
Slag and Fly Ash Storage Area

The Power Plant has an existing slurty area.. The operation of the existing slurry area

is supervised by the Nosth Hungary Environmental Protection Inspectorate {EKF) and

~ the North Hangary Water Management Autherity .

a) The present anthorized storage areas are the blocks Nos. Vi, V2 and VIIZ.
Overall surface area of the blocks is about 55 ha with ‘a capacity of approximately
© 5,000,000 m’. ' '

b) To use blocks VIII/I and VIIZ2 as new deposits, a preliminary permit was obtained
from the Water Management Authority, but the volume of water allowed to
permeate into the subsoil from each of blocks VI and VIIIR is limited to 10
mYday, Their tota} area is 342,000 m’

¢) Considering the present {1997) state of filling and the unused sludge storage arcas,
‘deposition of the firing residue from the CI'B boitér is ensured for about another 25

years.



4.7

(1}

(2)

4

Transformers and Others
Transformers

‘The main transformer connecled to the generator unit feeds the 120 kV network.  The
auxiliary transformer supplies electricity to all auxiliary units in the plant. Starling
transformer ensures the start of the unit in the case of 120 kV network failure

(abnormal condition).
Auxiliary Switching Equipment

The total power requirement of the auxiliary unit amounts to 13 to 15 MW, distributed

in cither 6 kV of 0.4 kV voltages. Auxiliary switching equi:pme:nt is as follows.

- 6-kV switching equipment

i
:’3-

- 0.4 kV equipment
- 0.4 kV distribution system
- Diesel generator

- DX system
Proteclive Measures

Protection of the unit shall be implemented in conformity with the relevant Hungarian

- standards and shall cover the following functions:

- Full protection of generator, covering the i'mporiant components and the mode of
operation, . |
- Fuli protection of the transformers (unit transformers, auxiliary unit transformess,

starting transformers).

- Protection of bus bars at generator voliage.

Voltages Applied
" Network voltage: 120 kV
Generator voltage: 15.75 kV
Main switch gear of auxiliary service: 6 kV
Auxiliary service :vollage of
existing Power Planl: 3kV
Starling transformer connection voltage: 35kv
General auxiliary voltage: 04 kV
- DOC auxiliary service: 220 Vand 24 V



4..8 F;eSh Water Supply and Trcalrﬁcm System
4.8.1 | Fresh Water Sﬁpplf Syslém
(1) Basic Water Demand Design Parameters
1) Waters taken at Malomdrok of Saj6 River

Untreated water (Q = 1114-1464 m’f) for the purpose of
purp

cooling water for steam turbines, ele.

Treated water (Q = 750 mJIh) for the purpose of
Beating cooling water totat

Bearing cooling water of the new unit

Make-up water of wet cooling system

Utility water for water treatment plant
2) Water frorm Bddva River

Treated water (Q = 530 m3fh) for the purpose of
Demineralized boiler feedwater
Demineralized water
lon free water

Utility water for water treatment plant

3} Water discharged at Malomdrok of Sajé River (Q = 1237-1587 m Ih)
Coolmg water for steam turbmes '
_ Drum filter flushing water
% Bearing cooling water, etc.

(2) Rehabilitation of the Intake Facilities

{3} Replacement of lift pumps 3 pes.

(b) Rencwal of seltling basins ' . S basins

{c) Rencwal of drum filters ' ~ 2pes.

(d) New cooling water pumps for steam tutbines 6 pes.

(e} New warming-up pumps of avxiliary cooling system - 2 pes.

(f) Pipelines (¢ 200 ~ 400 mmn) _ /= 2,500 m



(3)  Description of Water Supply System

1) The deinand of the Power Plant for make—ub water is met by laking wate? from Sajo
and Bédva river.

2) The required quantity of anxifiary cooling water is maximuin 2300 m’h and it is
taken from the river Sajé.

3) Cooling water is taken fron: the river Sajé. Three pil mps with veitical shaft delivers
water to the setiling basins. Water is pumped to the auxiliaty cooling system of the

turbo-generator unit through a long pipeline installed in concrete trenches.
4.8.2 Water Treatment System

(1)  Basic Design Parameters

1} Demand of demineralized water

The demand of demineralized water for the new 150 MW unit and the 6xisling 100
th boilers of the Power Plant will be 500 vh.

2) Demand of softened water for cooling purposes: 630 th
©3) Water quality data

(2) Bédva water quality

Conductivity (PS/em) 544.6
- KMnOj4 consumption (mg/l) 12.16
; k Average tolat mineral content of softened water produced from B6dva River: |
(mefi) 4.20

(b Saj6 water qualitly

Conductivity  (pSfem) 564.6
KMnOy consumption (ing/) 9,77

4} Cooling water qualily requirements
Water qualily 1o be maintained in the cooling water system are as follows;

pH > 6.5
free CO?2 (mg/dm®) < 3



(2)

- Carb. hardness

Tolat hardness
Mineral content
Chloride content
S04 content

Iron content
Suspended solids
SiO2

Ammonia-

Steam parameters:

Max. stcam genecating:

(3) Feed water

pH at 25 °C, min.

pH at 25 °C, max.
Dissolved oxygen, max.
Total hardness, max.

Total iron content, max.

Total copper content, max.

Oil + suspended solids

{b) Boilér water

pH at 25 °C, min.

pH at 25 °C, max.
S10; content

p-value

(me/dm’®)
(me/dm’)
© (mghdm®)
(mg/dm’)
(mg/dm’)
(mg/dm’)
(mg/dm’)
(mg/dm’)
(mg/dm’)

p = 164 bar
t== 540 °C
460 vh

(mg/kg)
{me/kg)
(mg/kg)
(mg/kg)

5) Boiler water quality réquiremcnts {with t.'cgérd to the new ﬁnit)

(mg/kg)

- (me/kg)

Conductivity {25 °C, after neutralisation)

PO, content

KMn'Od consumption

Demineralisation System

(mg/kg) |

{mS/m)

{mg/kg)

The existing demineralisation system does not need to be modified.

A A A A A Y

AAAN A AAV

1.4-4.4
25
3000
1000
300

20
100

AA A A AN A A

8.5

9.5
0.01
0.00}
10.02

8.5
9.7
0.35
0.05

4.00
- 6.00

5.00



(3)

Neccsséry Changes in the Cooling Water Soﬂéning System

Breakdown of cooling water deniand:

507 thto cooling tower H=10 m pressure
123 thto bearing cooling H=75 m pressure
1) Raw water supply will be arranged from the existing settling basins from the River

2y

3)

4)

5)

6)

Sajé.

The capa_city of the existing small r_eacior (9 7600 mm) shall be increased to
Q=250 th, One new reactor will be installed (¢ 13 000 mm) with a capacily of
Q=500 vh.

3 pes new filters (capacily = 80 th, ¢ 3,150x3,000 nun) are added to serve the new
500 tons/h reactor.

For filter backwashing, 2 pes of new filter washing pumps will be instatted.

For the purpose of storing softened water supplied as cooling water, one new

softened water lank has to be installed with'a capacity of 500 m’.

Pumps installed for supplying éooiing water

3 pes cooling water pumps for the cooling tower

8

9)

2 pes cooling waler pumps for the bearings

In order to prevent corrosion, scating and algal formation, condilioning agents will

be added o the cooling water.

The saturated FeSO, solution is transferred from the existing storage tank to the

dosing tank by a transfer pump.

For the new lime softener, 1 lime powder silo (220 m’) and 1 lime powder metering
tank will be installed.

-10) 3 lime milk agitators (26 m’) and 2 twin-piston dosing pump (lime milk - iron

sulphate} will be installed.




(4) Wastewater Treatment and Utilisation

For the purpose of receiving and treating wastewater, a underground concrete basin with

two parts (2x900 m’), having a chemical-resistant coating, will be installed.
(5) System Layout

‘The tanks are to be instatled in the open air near the filter house, valves will be located

in the filter house,




4.9

(1) -

(2)

¢

Cooling Syste m

“Basic Design Parameters

1} Cooling water demand (new steam (nibine condenser) : 20,000 m’h
2} Auxiliary cooling water demand : 613 m’h

3) Design parameters for the cooling system: : : :
Cooling water flow 20,613 m*h

Intet temperature of hot water 40 °C
Oullet temperature of cold water 32 °C
Dry temperature of ambient air 30 °C
Wel temperature of ambiént air : 21 °C

Specification of Cooling Equipment

1} Cooling tower

Floor area 4pes.x 18mx 18 m
Height 2.5 m
Amount of make-up water 507 m'h
2) Circulaling pump 3 pes.
- 3) Blow - down pump - 2 pes.

‘Operation of the Cooling System

1) The cooling system for the new unit is independent from the frésh water cooling of
the other units. The closed system has a wet cooling tower. Cooling water is
delivered by circulating pumps from the basin below the cooling tower to the main

and auxiliary cooling system of the new unit.

" 2) The cooled water flows into the concrete basin located below the tower. The

cooling water circulating pumps will transfer cooled water to the condenser.

" 3) In'case of an ambient temperature below 0 °C, the pumping of the cooling water lo

" the cooling tower inay become unnecessary. Consequ"enlly,thcre is'a possibility to

circulate it through a bypass line within the basin.




4) The cooling 'pcrfohnance is controlled by

reducing the speed of the individual fans by 50 %
stopping the fans individually

isolating the individual cooting cells by closing the isolating valve of the cells
making use of the by-pass line of the cooling system.

¥




4.10 . Architecture and Civil Works
(1}  Design Conditions
The following conditions were studied to determine dimensions, shapes and structures
of buildings and civil engineering installations:
- layont plan of e¢quipment
- plan of transferring the materials
- system of access roads necessary for construction and maintenance
- layout of pipe and cable networks
- toad conditions
- soil conditions
- adaptation to existing instatlations _
- the official regulations and standards being in effect in Hungary
- mmplementation schedule
(2) Main Buildings
Main buildings are shown in Table 4.10.1.
Table 4.10.1 - Main Buildings for the New 150 MW Unit
Description F¢s Conslr, Widih(en} Lengith{m) Ilcight(_m) _ Note
1. Boiler House 1 steel 3100 47.00 5400 | partially
) enclosed
Main 2. Turbine building 1 steel 21.00 60.00 27.00
Buildings 3. Control builing 1 rc. 24.00 - 3000 15.00
4. Feedwater building 1] Stechand 9.00 &0.00 15.00
. : re ) _
1. Turbo-generator 1 r.c. 11.50 30.00 470
: supppodting frame B
i |2 Elecu. precipitator 1 £ 2400 3200 1.50
3. Uaittrznsformer 1 fe 4.50 300 3.00
o 4. Aux.unil transf. 2 5. 150 5.00 3.00
Foundation | 5. Flue gas duct 2 re. 3.00 600 1.50
6. Combustion ait fan 2 re. | 3.00 700 3.00
7. Flue gas fan 2 Fc | 5.00 1000 3.00 L
. | 8. Pipe brdge (Ny ash) 50 r.c. 300 500 150
{9 Pipe bridge Ulimestone) 20 rc. 3.00 5.00 1.50

1)

Boiler house

The boiler house for the new 150 MW unit is to be placed at the SE side of the

existing building.



o7
&

2

Instead of a constniction having floors coveriig the overall basic area, the boiler
house for the out-door circulating fluidized bed boiter should be understood as a
system of platforms and stairs for operation and for access to the picces of

equipmcnt at different fioors.

The boiler is to be covered by a light-weight metal construction roof, and heat-
insulated sheet metal shell covers those parls necessary to meet weather-proof

requireiments of the cquipment.

The overall axial dithensions of the boiler house are 31 mx 47 m. Ithas 12 floors,

and the h'ighcsl' point' is 34 m.
Turbine building (Machine hall)

The turbine buildinig is 60 m long, 27 m wide, and 27.00 m high. The height of

the reinforced concrete table for the turbo-generator is +9.70 m.

~ The load-carrying capacity of the bridge crane having a span _of‘24;50 m i$ 50 tons

3)

4)

at the main hook and 15 tons at the auxiliary crab.

To ensure personal traffic between the new and the ofd machine houses, A cross-over

bridge of about 18.00 m span for pedestrians is installed at elevation +9.70 m.

Central control building

OF the overall length of 60.0 m of the turbine building, the adjacent boiler 'hoh.se
wilt cover a width of 31.0 m. The central control building of 24.0 wide i$ built at the

“remaining area. The length of the control building is 30.0 m.

Feed water building
The feed water buitding is 60.0 m long and 9.0 m wide.

On the ground floor, a crane runway is provided with a rail top height of +7.00 m

for a 10 ton crane, which will be used to move transformers, pumps, etc.

On the uppermost slab of the elevation +15.00 m, the feedwater tank {150 ) with

the deaerator is placed outdoors.



3) Stack
1) Design considerations

- The following conditions were examined to determine (he specifications of the
stack:

- flue gas flow rate
- flue gas velocity
- flue gas temperature
- stack height (130 m)

- emission limit values

The result is shown in Table 4.10.2.
| - 2
) ‘ @

Structure of stack
Flue gas is discharged through a reinforced concrete stack of 130 m height. The

temperature of the flue gas will be about 150 °C, therefore, the inside of the stack is
lined with refractory bricks at a depth of half brick.

Inner diameter of the lined stack : 400 m
© Min, thickness of the stack wallattop : ©€.20 m
Max, outer diameter of the slack at foot :  8.00 m

" (d) . Related Facitities
D Water supply and sewerage

Fhe buii'dings are supplied with water for sanitary facilities (favatories, showers and ;'-‘
loilets) and room cleaning. Water and sewage pipes of the buildings can be

connected lo the respeclive existing network.

As aresult of introduction of the new unit, the increase in drinking water demand is
7.5 'K with hourly peak rate of 1.85 m'h. The methods of fitting water and

swage pipes are conventional.



Table 4.10.2  Specification of Stack

~ Descsiption Meas. unit Values - Note
Turbine outpul MW 150.00
Tempezature _ °C 15000 | T
Flue gas volume-flow _ 1000 m'h (n.c.) 605
| m¥/sec {n.c.) 168.06
Qg= m’/sec 261.00 |atactual gas |
_ _ temperature
~ JFlue gas density _ kg/ii’ (n.c.) 1.307 T
Ig= kg/im’ 0.849
Proposed stack dia. m 4.00 internal, at top
Proposed stack section _m_:e 28.26 internal, at top
Flue gas velocity ' msec 9.20 at outlet
Flue duct cross-section m? 20.00 (4dx5m
Flue gas velocity nvsec 13,00 at outlet
Intake at base m? 28.00 dmxTm)
Flue gas velocity mvsec 9.30 - |at stack inlet
Air density kg/m® 1.185 at 25°C ambient
temp.
Natural draft (Z) mm W.G.. 43.7
Pressure loss_(l) mm W.G. 6.3 stack oullet loss
PréSSure loss (2)  mm WG 4.3 stack friction loss
Pressure loss (3)  mm WG. 2.2 stack in let loss
Total S “mm WG, 12.3
Resulting draft ‘ “mm W.G. 31.6

2} Central heating system
There is steam as heat transfer medium at disposal in the area.

Heating of the main buitding complex consisting of the boilet house, the tarbine
building, the feed water buildihg, and the cenlral cohlr'olbuildin'g' is proposed to be
provided according to the individual demands. The covered portions of the boiler
unit requiring heating as well as the tirbine building and the feed water building are
provided with thermo-fan heating through steam-heated unit heaters.

3) Air conditioning, ventitation

The central control room is air-conditioned featuring the following parameters:



ti (winter) . +20°C: _
ti (summer) : +24°C
humidity : 40%

The air condilioning appliances have hol water heating and freon-type cooting
systems. There will be an over-pressured atmosphere in the rooms. Relative

humidity will be maintained by means of a steam generalor,

The removal of the heat released from the transfofmers, cables and the equipment in
clectricity-related rooms and air change are facilitated by the forced ventilation

syslem

4) Railway Siding Network and Roads

The 'railway network of the plant will be modified to fulfill the highesl demand of
lmnsponing' coal and limestone as follows. (Figure 4.10.1)

- The tail track No. Ik .cf 330 lﬁ length wil! be established starting with and 6.00
m away from the scgment 7480 of rail track No. I, with a shunt of system 48.
The vnloading building common far both the dmp-boltom wagorns and those

. with pneumatic discharge facility will be built along the segment 6+30 of the

raal track.

- 'The rail tracks No. VIl including the shunt No. 1710 Iald in the existing old plan!
" building will be removed in 400 m tength.

" A suitable new road network will be established within the Plant connected to the

. external service road as-well as installation of a new gate. Since the rail track No.

VI{ is removed, large size cquipment will be tran'sporled to the existing and new

main buildings through this road network.
(5) Fire Fighting
1) Fire fighting system

The amount of fire fighting water required for the main fire section is 6,000 Umin.
‘Therefore 2 additional pumps each having the capacily of 3,500 Umin with 80 m
head shall be added to the exisling pumps. At the surface hydranl located farthest,

~ an outlet pressure of 5 bar should be provided. At the wall hydrant located farthest
and highest, an outlet pressure of min. 2 bar should be provided in compliémce with
the relevant Hungarian Standards. | '
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(2)

(3

Pumps are started automatically onc after anothes by a netviork pressure monitoring
systeim as required by varying consumption. '

The special water system of the :coalyard (to be used for watering coal and

extinguishing fires in case of self ignition) will be branched off from the fire
fighting water network (one feed point at both of the eastern and western side of the
yard).

Foam-Sprinkler System of Inclined Coal Conveyor

Fire protection shall be provided to two inclined belt conveyors of about 100 nt length
and 3 m width. The level difference of the conveyer is about 35 ni.

Specific water flow @ S m¥min

Protection area ;o M4m . o
Ogperation period : 60 min, of which 10 min 'in foam mode
Max. spray area ;o om

Fire alarm system

The existing old conventional system and its center should be integrated as a subsystem
in the new fire alarm network. In the area of the new unit, each room, cable

marshalling room, cable trench and dangerous léch'ndlogical equipment, cte. are

' protected by addressable sensors in order to send an carly fire alarm if fire breaks out.

" The new intelligent fire alarm center is expedient to be located in the central control

room. Thé fire alarm System to the professional fire brigade of the municipality
should be established.

Ao
\Eog



W

(2)

Contro! and Instramentation

Main Featvres

The wnified control and instrimentation system of the 150 MW unit to be established
wuhm the Power Plant will be Distributed Control and Information System (DCIS).
(DC]S system is shown in Figures4.11.3 ~ 4.11.3) This system has hierarchical

structure with disteibuted intetligence. The main features are as follows.

1) Both the cloScd loop and open loop control as well as the safety tasks commnon to
the circulating fluidized bed fired boiler and the unit will be performed by the
unified DCIS. - The process-end equipment including those conteolling the boiler,
the electric equipment, feedwater + hot water + cooling water systems together with
the devices interfacing the subsystems shall consist of general purpose devices

desi gned for industrial use that are connected to the system bus.

2) The control and safety subsystems of steam turbine that chnircs extremely short
response time and high reliability (e.g. speed control, load control, starting, turbine
protection, heal load analyzer) are built with procéss control hardware components

of high reliabilily and specially designed for use in Power Plants.

3) The unit is provided with an unified process control subsystem of  which

componenls are connected together via high-speed links (system bus).

4) Operation of such subsystems as water treatment, coal and Iimcslmie hand!iu’g ele.
need to be controlled in places other than the unit comrol room for teuhnologlcal

reasons. The data acquired from these subsystems are lransfcm,d 0 DCIS

Qutlines of process control equipment, measuring cxrcu:ls control s(ructu res, and powcr

sources Ihat constitute DCIS are given below.

Process Control Equipmént '

The equipment shalt show the reliability indices as follows.

(a) The MTBF (Mean Time Between Faifures) that basically detecmines the r'cliabiiily
shaH be at least 16,000 hours for each unit built mlh CPU and 40000 hours for
equipment required to be of high availabitity.

(b) The diagnostic- feature and mechanical design of product shall ensure ‘that the
"MTTR (Mean Time to Repair) shall not exceed 2 hours.

(c¢) The allowed average storage time of spare parts of products shall be at least 10

years.
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3)

(4

(5)

(d) The average service life of control and instrumentation devices that represents their

- durability shall be at least 15 years.

Measuring Circuils

1) The measuring circuits necessary for the process control tasks use transmitters of 4

to 20 mA output signal range in two-wire system.

2) The indicating instruments mounted in the annunciation boards shall be provided
- with digital display with minimum and maximum limit indication in the case of vital
parameters {e.g. Hz, MW), while those indicating the other parameters shall be of

“analogue design.
Control Struciures

Signal processing is always be performed by the processor nearest both to the signal
source and the destination of the signal already processed, using the shortest possible
signal path. The manual control of manuatfautomatic mode, set point, actuating signal
can be performed from the operator console. The operator is not allowed to perform
any alteration on the control structure and settings. Actions of this kind are reserved for
software maintenance personnel authorized for accessing higher level of hicrarchy,

namely primary engineer's workstalions.
Power Souices

The power supply voltages to the process control system are 3-phase 380/2_20 V AC 50
Hz and 24 V DC. The 24 V DC power supply is based on two batiery sets, provided with
rechargers and appropriate filters. Basically, the DCIS is powered by 24 V DC, but it is
permanently connected through diodes to both batlery sets. Equipment that shall be
operated without interrupt and require 220 V 50 Hz power supply, will be powered
from UPC (uninterrupted power supply) of appropriate capacity. Equipment not
required to be operated wilhout'interrupt will be powered from 380/220 V network.



4.12

(1)

@

Grid Cohnection

The connection voltage level of the new 150 MW unil, considering the unit caéaciiy and
the exisling 120 kV switching equipment of the power plant, shall be 120 kV. The
starting transformer is connected to the 35 kV network in case of no voltage on 120 kV

at the time of unit start.

Source and Consumer Data

1) Source data

Power to be transmitted to the 120 kV neiwork’ from the new 150 MW unit and
existing facilities is 161 MW in winter and 155 MW in summer. The operational

power output distribution is shown in Figures 4.12.2 and 4.12.3.

Connection of the riew unit to the 35 kV network shall be lhronjgh field No. 22 and
32, (Figure 4.12.1)

23 Conswmer data

It is expected that the demand on the 35 kV bus-bar of Borsod power plant by the
BVK will be 22-23 MW and the demand by EMASZ will be 20-22 MW (altogether
42-45 MW) in 1997. The above demands are practically identical duiing the
Winier peak load period and during the summer minimum load period because of
the character of 35 kV consumers. For cafeulations, 42 MW is used as consunier

demaﬁd.
Connection of the New Unit to the 120 MW Network

Power cutput distribution on the transmission of 161 MW (in winter) and 155 MW (in
suimmer) output, which is fed to the 120 kV network in the Borsod power plant has been

examined. The power output distribution caleulalions are prepared on the basis of the

intérnationally approved (n-1) princip'le. The result of the calculations are as foltows.

1} According to thé result of the network analysis of 150 MW unit, the above pov.cr
transmission lines are capable of lransmi&ing the output of the new 150 MW qunit
‘and the existing units without overload under both normal operational condition
and operalional disturbances. Therefore, modification of the existing 120 kV
network is not required. The location of the new unit is appropriate in the view

point of the relation between 120 kV network voltage and the reactive power.
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2} The l._m'il can be 'con'ncclcd to the 120 kV ficld No. 23 and the connection can be
implemented through the bus-bar for 1000 A and of 640 mm’,

3) On the basis of the short circunit fault calculations the star point of the unit
transformers of the new unit is recommended (o be earthed through the existing
3.03 ohm choke.

4} The new unit shall comply with the requirements of the UCPTE connection with
regard to primary control, reserve power output maintaining and voltage-reaclive

power control.
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Chapter 5 Preliminary Design for Renovation of Existing Facilitics
5.1 Boiters and Firing Equipment
{}) Recoenstruction of Boilers

Side views of the existing boilers of two types after reconstruction are shown in
Figures 5.1.1 and 5.1.2.

1) Membrane wall at bottom of combustion chamber

The original boltom of the boeiler is cut off ai 10,000 mm from the ground level to
remove the membrane wall below, and all equipment for bottom-ash removal is also

removed. A new membrane construction is welded air tight to the vertical parts of

the remaining walls. This solution also ensures the proper location of two pieces of

gas/oil burners, while providing excellent access for the operators to the burners.

2} EGR duct

_Exhausl gas' recirculation (EGR) ducts will be connected to the ash diS‘chargc
funnels of the exisling cconomizers (ECQ) in the second pass. The ducts running
' through draft EGR fans will be divided into two and connccled to the both sides of

each boiler bottom.
(2) Bumers
1) Heatinput of burners

%_ _ * The maxinmium heat inpnt of two 'nalural_g'a's / fuel-oil burner_s is d-c_sigincd' to be
9OMWih. ' ‘

2} Emission Ie'vel by the low-NOx burners

The discharge of pollutanis is drastically reduced by fuel change and boiler
reconsteuction, compared 1o that of the present coal combustion. On each burner
maker, guaranteed concentrations of pollutants aré indicated. These values salisfy - :
“the emission standards applicable from 2004, - Low-NOx technology adopted in
these burners is exhaust gas self-recirculation. The NOx cﬁncchl}ations when
using gas and fuel oil are 120 - 200 mg/Nm® and 120 - 240 mg/Nm’, respectively.
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Supposing the sulfur content in the fuel oil is 0.2%, the concentration of SO2 in the
exhaust gas will be 252 mg/Nm’,

(3) Combustion Air and Flue Gas System

1)

2)

3)

Combustion air

Control of the fans wilt be done by the néw frequency- ¢converters and vane control

system. The driving motors are also replaced,
Flue gas system

The design conditions for the fnduéed draft fans (IDFs) for the renovated boilers
are as follows: a static pressure difference of 30 mbar induces the exhausi gas of
60 m’A at a lempéralﬁre'of 165 T. Howewer, due to the efficiency of existing
IDFs lowered to 70-72%, the motor output should be increased by 39 - 35kW.
Therefore, gears and frequency controllers are newly required. The efficiency of
the new draft fans will be 81 - 82%.

EGR system

EGR system will be installed to control the lcmperaturé inside the furnaces when the
boilers are subjected to low loads. The number of draft fan is one. The

recirculation rate corresponding to the changes in the boiler load is controlied by

" changing the vane angles. The gas suction inlet for recirculating exhaust gas is

: 4)

attached to the hopper under the economizer, and the EGR duct is connecled to the
botiom of the side walls of the boiler.

Connection of stacks and boilers

The Hungarian regulations does not allow to discharge exhaust gases of coal firing
boiters and gas firing boifers through the same stack. Therefore, it is necessary to
connect boiler No. 7 to stack No. Il in order to continue the opération of the boilers
No. 5,7,9 and 10 in the future. Namely, the boilers No. 9 and 10 will continue
burning pulverized coal until the reconstruction work will be started.

The sequence of the renovation works are as follows:

1)  Reconstruction of boiler No.5
2) Connection of boiler No.7 to stack No. M, through flue duct of the
boiler No.6




oy

©3)  Sorting out of boiler No.4 and 6

- 4) Recons!ruclidn of boiler No,7
5)  Reconstruction of boiler No.9
6) Reconstruction of boiler No.190

On the other hand, the National Building Code prohibits to discharge the exhaust

. gases of gas combustion and fuel-oil combustion through the same duct.
Accordingly, it is necessary to consull with the competent government office
(National Fire Service Headquarters) in advance, concerning the operation plan if
the fucl used in boilérs No. 5 and 7 and that used in boilers No. 9 and 10 are
different. Layout of boiler facilitics in the boiler house after the renovation is
shown in Figure 5.1.3.

EX ) e
e B
P30.33 Nos | B i No.? Nos | Yoo
Fle ] 11

Fontrol Room

Turbine house

A% EeE e

B2 tobestoredout, | Tiitobe replaced

Figure 5.1.3 Layout of Exisling Boiler Facility after Renovation
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3y Sorting out of boiler No.i and 6
1) Reconstriiction of hoilér No.7
5)  Reconstruction of hoiler No.9
6)  Reconstriuction of boiler No. {0

(n the other hand, the National Building Code prohibits to discharge the exhaust

gases of pas combustion and Tuckoil combustion  through the same  duct,

Accordingly, it is necessary to consult with the comgpetent government office
(Nattonal Fire Service Headquarters) in advanee, concerning the operation plan it
the fucl used in boiers No. 5 and 7 and that vsed in boilers Noo 9 and 180 are
different. - Layont of boiler facilities i the boiler house after the renovation s

503,

shown in Figure

Ioaler Bouse

1 )

[ 1 st be stored o o be eeplinced

Figure 5.1.3  Layout of Existing Boeiler Facility after Renovation



5.2

Fuel Supply

"“The existing renovated boilers will use natural gas as the main fuel, and use fucl oil only

in the case of sudden shortage in gas supply or of planned inte’rruptidn of operation.

The natural gas supply facility is used commeonly by the renovated boilers and the new .

CFRB boiler. The gas consumption by three exisling boilers in operation after the

renovation is 27,443 Neaw'fh.

Existing fuel ofl supply system will be used as an auxiliary system for firing pulverized

coat, but cannot be used for supplying the fuel to the renovated boiters. Therefore, the
fuel ol facilities wili be newly installed, but uséd together with the new 150MW unit,

The maximum consumption of fuel oil by one boiler after the renovation is 7439 kgh,
with the raling of 110 th, arid three boilers together consume 22,242 kgh of fuel oil at

maximwm, This amounts to the maximum daily consumption of 510 tons.

It is necessary to install two highly accurate measuring systems for controlling fuels.
Necessary méasuring devices will be installed so as to enable exact measurement of fuel
consumption by each of the burners or by cach of the boilers, depending on the boiler
control sysicm.

5.6




5.3 Turbines and Electrical Facifities
(1) Turbines
With reconstruction of the 4 boilers, turbines will be operated as follows:

1) Until the renovation works of boilers are completed, the existing turbines will be

used with necessary maintenance works

2) By theend of 2003, turbines No. LT 1111V, VI, and X will be abolished, and a new
32 MW double extraction (29 bars and 15 bars) condensing type turbine will be
installed in the place of No. HI trbine. The new turbine will supply steam and,

when necessary, generate power with the exisling 40 MVA generator,

3) Turbines No. V and VI will be used for the district heating.

g:? The main characteristics of the new lutbine are shown in Table 5.3.1.
Table 5.3.1°  Main Characlerislics of the New Turbine
Installed capacity Mw 32 32
Gutdoor air temperature °C 0 25
Live steam | Pressure barc 74.50 74.50
Supecheating C ' 500.00 T 500.00
Mass flow kg/s 70.35 33.00
Extraction | Pressure bar 30.00 30.00
1 Temperature °C 387.89 | 43739
Mass flow kg/s 30.55 7.20 ¢
Extraction | Pressure | bar . 15.00 - 15.00
2 *| Temperature °C 310.08 | 35532
Mass flow kgfs 12.00 . 3,80
Condenser | Pressure bar 31.66 | 10545
Temperature _ 1 °C 25.00 46.88
Mass flow | kegfs §.32 13.42
Stecam flow, volume e 308.28 ° | 170.46 -
Cooling zone . K 3.00 - 5.05
Temperature gradient | K 10.00 16.82
Cooling | Mass flow kg's 1,383.24 1,383.24
water Temperature(cold) °C 12.00 - 25.00
| Temperature (warm) °C . 15.00 30.05
Feed water | Pressure bar 13.50 100.00.
tank - | Temperature °Cc 193.35 20249 -
Mass flow kg/s 70.35 ©33.00. ]
Pressure bar 160.00 - | - 100.00
Temperature °C 195.44 - 202.49
Mass flow . kg/s 70.35 33.00
Power output ' MW 3199 - 19.82
Steam output MW 132.50 3533
Heat input MW 180.77 83.76
CEfficiency % 90.99 65.85




- (2)

Major works involved in the installation of the new turbines are as follows:

1)

2)

4)
3)

Construction of a turbine table as foundation -

Tnstallation of the turbine and auxiliaries

Tube connéctions

Provision of & control panel and connection to the existing system

Miscellaneous works

No significant changes ate required for generators and transformers.

Electrical Equipnient

D

2)

Elcetrical power derands and outlines

Simultancous power demands after botter conversion are as follows:

- per boiler 610 kW
- common type consumers of boilers 70 kKW

Available power output due to eliminated coal-firing:

- at main boiler distributor, per boiler 1,260 kW
- at 3 XV, due to elimination of flue gas fan, per boiler: 336 kW
- at boiler distributor, per boiler: 12 kW

The mill legs on the 0.4 kV main boiler distributor will be eliminated in the course
of the renovation.

The flue gas exhausting and air fan motors are supplied via frequency converter.

iy

Proteclion class of the frequency converter is 1PS4; it is placed in the 0.4 kV

switching room.
0.4 kV Main Distributor and Boiler Distributor

At both distributors, the power supply of new distributors can be prbvided by

wtilization and possible alteration of the branches of eliminated consumers.

A complete new jig design is only necessary for the branch of the flue gas
recirculation blower motor in the boiler house. As far as the other consumers arc
concerned, the thermoswilch and possibly the fuse element has to be replaced.



"~ 3) Power Supply for Common Consinners

A new switchboard must be installed within the building of the oil pump house for
- such consumers as the new oil pump plant, the air compressor, control unit of

burner combustion. and the main motor stop-valve of the gas system.

Also the power for the main gas stop-valve and the air compressor will be supplied

via the station auxiliary switchboard,

(3) Control System

'Figurc 5.3.1 shows a concept of the control system of the reconstructed boilers.
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Chapter 6

- Environmental Assessment and Protection Measures
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