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DISCLAIMER
 

The contents of this report are offered as guidance. RCG/Hagler,

Bailly, Inc., 
EGI Contracting & Engineering, and the United States

Agency for International Development, 
and all technical sources
referenced in this report do not 
 (a) make any warranty or
representation, express or implied, with respect to the accuracy,

completeness, 
or usefulness of the information contained in this
report, or that the use of any information, apparatus, method, or
 process disclosed in this report may not infringe upon privately
owned rights; (b) assume any liabilities with respect to the use
of, or for 
damages resulting from, any information, apparatus,
method or process disclosed in this report. This report does not
reflect official views or policies of the above named institutions.

Mention of trade names or commercial products does not constitute

endorsement or recommendation for e:clusive use.
 

QUALITY ASSURANCE
 

The contents 
,2 this report include recommendations based on data
provided by 
the client plant, measurements made on site,
calculations, and engineering judgment. 
 The conclusions reached
 were based on a limited engagement of only about one 
week's
duration ia the plant, arid not an exhaustive engineering analysis.

RCG/Hagler, Bailly, Inc. certifies that this report conforms to the
level of best commercial practice for industrial energy audits of
similar level of effort, as conducted in the United States. 

report has been prepared under the guidance of a 

This
 
registered
Professional Engineer, licensed to practice in the Unite! States.
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DRAFT 
Preliminary Energy Audit
 

FOVAROSI TAVFUTO MUVEK (FOTAV)
 
DISTRICT HEATING WORKS OF BUDAPEST
 

Budapest, Hungary
 

by

RCG/Hagler, Bailly, Inc. 
 and EGI Contracting & Engineering
 

I. EXECUTIVE SUMMARY
 

1.1 Introduction
 

A team of engineers from RCG/Hagler, Bailly, Inc. and EGI
Engineering & Contracting visited FOVAROSI TAVFUTO MUVEK (FOTAV)
ESZAK-PESTI UZEMIGAZGATOSAG (District Heating Works of Budapest,

North-East Section) from April 19-26, 1991 to work together with
FOTAV E-P staff to identify and implement improvements to energy

efficiency, a preliminary energy audit.
 

FOTAV 1990 energy costs for the total Budapest system were:
 

1. Heat: Ft 7,000 million, $97.2 million

2. Electricity: Ft 200 million, $2.7 million
 

TOTAL Ft 7,200 million, $100.0 million
 

Costs for 1991 are expected to be about 30% higher.
 

Based on consumption in 1990 and energy prices prevailing at the
time of the visit, total energy costs for 1991 at FOTAV E-P

(Ujpalota and Furedi stations) are estimated as Ft 770 million

($10.7 million), with the primary energy forms being natural gas

(97% of costs) and electricity, (3% of costs).
 

RCG/Hagler, Bailly estimates the potential for short-term energy
efficiency improvement on the supply-side at FOTAV E-P as 
less
than 1%, without significant investment. However, the potential
for demand-side efficiency improvement is 15-30% of total energy

use (about $20 million per year), through conversion to a

meterable and controllable heating system in residential
 
apartment buildings and small commercial establishments, together

with a heating tariff based on consumption, rather than a fixed

annual cha.rge (based on apartment cubic meters, at present).
 

During the course of the audit, the RCG/Hagler, Bailly team
worked together with the staff of FOTAV to develop a pilot

demand-side management program, to measure boiler efficiency at
Ujpalota, and to analyze energy usage data and degree-day weather
 
data.
 

RCG/Hagler, Bailly, Inc. 
 June, 1991
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Brief Description of Recommendations
 

1. Short-term: Demand-side Management
 

FOTAV should implement a demand-side management to help customers
 cope 	with the transition to a market-based thermal energy supply

system. 
The program should have many elements, including

pricing, information, metering, control equipment, and load
 
reduction:
 

1. 	 Institute energy usage-based district heating tariff and
 
cost allocation system
 

2. 	 Install meters on heating systems in apartments
 

3. 	 Install automatic, thermostatic control valves on radiators
 
in apartments
 

4. 	 Carry out customer information campaign
 

5. 
 Install mecers on domestic hot water systems in apartments
 

6. 	 Install cost-effective heat loss reduction equipment, such
 
as weatherstripping, insulation, vestibule doors, or window
 
treatments.
 

RCG/Hagler, Bailly estimates that the ultimate economic benefits
from 	a full-scale DSM program at FOTAV would amount to $20
million per year, at an economic internal rate of return of at
least 22%, based on a total cost of $108 million.
 

2. Lonq-term: Cogeneration
 

FOTAV should evaluate the feasibility of installing gas turbine
cogeneration systems on their district heating stations. 
This
would require the installation of a gas turbine generator and
waste heat boiler. 
Such projects would be good candidates for
funding under programs for energy efficiency and environmental
 
benefication, as funded by development institutions.
 

For example, RCG/Hagler, Bailly estimates that the Ujpalota power
station could be repowered by a cogeneration unit consisting of a
20-25MW gas turbine generator and waste heat boiler, which would
generate electricity during the heating season only. 
This
project would require a capital investment of $18 million, and
would offer economic benefits of $3.6 million per year, for an
economic internal rate of return of at least 17%.
 

RCG/Hagler, Bailly, Inc. 
 June, 	1991
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II. INTRODUCTION 

2.1 Introduction to FOTAV
 

FOTAV is a municipal company, owned by local government, and has
been providing heat for Budapest for more than 30 years. 
Today,
they provide heat to 240,000 homes, 5,000 municipal customers,

and 430 industrial customers. 
The peak system load is 2,600 MW
(thermal, MWth). 
 Of this heat, approximately 2/3 is purchased
from the electric utility (MVMT companies), in the form of heat
extracted from steam turbogenerators (cogeneration).

remaining 1/3 

The

of the heat is generated in boilers owned and
 

operated by FOTAV.
 

There are 15 FOTAV heat generation plants, with a total of about
45 boilers, of various sizes from 2-200 MWth. 
A typical boiler
is the Soviet PVTM, with 12 burners each 7 MW. All plants are
 now fueled by natural gas and distribute hot water as the heat
transfer medium. 
In those cases in which FOTAV sells steam, the
steam is supplied by MVMT. 
FOTAV does operate some small boilers
 
at its heating stations, but only for deaeration and
 
pressurizing.
 

Heat is supplied in a primary loop at a maximum temperatuire of
150C - 180C, depending on the system. The primary system
consists of 450 km of transmission pipes, ranging in diameter

from 50mm up to 900mm, fed by pumps from 70-500 kW. Design
conditions are based on -15C, and the supply temperature is based
 
on ambient temperature. 
In the last 5 years, the highest
 
necessary supply temperature was 136C.
 

The primary system feeds 2,500 substations, each of which heats
50-230 homes. 
 Each substation consists of heat exchangers for
 space heating and domestic hot water, and is metered by an energy
meter 
(flow and temperature drop across the heat exchanger). 
 The
secondary distribution loop from the heat exchangers to the
individual apartments is designed for a 90C supply and 70C
 
return.
 
There are no storage tanks in the primary loop. In the secondary
loop, there is no storage for space heating. There is a tank for

domestic hot water in many buildings.
 

Space temperature in the apartments (flats) is maintained by
FOTAV by adjusting the hot water primary loop supply temperature
according to the outside ambient temperature. FOTAV is required
to maintain space temperature at 20C or higher, and FOTAV
 

RCG/Hagler, Bailly, Inc. 
 June, 1991
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technicians make spot checks of temperature in each flat, on the
 
average of twice per heating season.
 

FOTAV sells heat according to a district heating tariff which is
controlled by the Government. 
The tariff has seven categories of
 
service, in the following groups:
 

* 	 Industrial customers are billed based on metered heat

consumption according tc a demand and energy tariff.
 

Large municipal and commercial customers are billed
 
based on metered consumption.
 

Small municipal and commercial customers are billed on
 
a lump-sum annual basis, according to their cubic
 
meters volume of heated space.
 

Residential customers are billed on a lump-sum annual

basis, according to their cubic meters volume of heated
 
space.
 

The heating season is October 15 
- April 15, and the flat charge

(annual payment) does not depend on the weather. However, if
cold weather occurs requiring heat supply outside the season,

FOTAV can bill for an additional amount.
 

FOTAV's costs for residential heat supply exceeded its revenues
by some 150% in 1990 (the base tariff was 61.2 Ft/m3, whereas the
cost 	was estimated as 140 Ft/m3). 
 The cost of this subsidy is
borne 40% by the local taxpayers (City of Budapest) and 60% by

the national government.
 

A fundamental basis for the subsidy is the Government policy of
 energy price regulation. 
Natural gas fuel prices are controlled

by the Government, and are much lower for residential use than
for industrial use. District heating tariffs follow a similar
philosophy. 
FOTAV purchases gas at the industrial tariff, and
then sells heat to the residential sector at a price which is

designed to correspond to the residential gas price. 
Thus
residential district heating tariffs are lower than the energy

cost of the delivered heat, representing a subsidy to the
 
residential sector.
 

With 	the flat rate for energy on an annual basis, the individual
 
customers have no incentive to conserve energy. 
Thus, the

responsibility for energy efficiency has been borne by FOTAV.
Over the past 15 years, the company has taken several actions to

reduce specific energy consumption:
 

RCG/Hagler, Bailly, Inc. 
 June, 	1991
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Reduced average space temperature from 23C to 21C, and
 
more recently 20C.
 

* Improved efficiency in boiler plants by an average of
5% through improved combustion techniques, primarily

closed loop 02 monitoring and trim, based on Siemens
 
technology.
 

• 	 Upgraded insulation of transmission systems.
 

* 	 Built a manufacturing plant to produce modern

insulation systems, based on foam technologies.
 

0 	 Installed system improvements to keep insulation dry.
 

0 	 Equipped substations with automatic temperature

control, based on local conditions at the substation.
 

* 	 Successful in changing building codes to outlaw the
 
uncontrollable one-pipe system' in apartment design.
 

0 	 Conversion to variable volume flow in two heating

plants on 200 kW pumps.
 

FOTAV has carried out some experiments in demand-side management

(DSM), such as weatherstripping, thermostatic valves, and
retrofits of one-pipe systems. 
 DSM is the primary area in which

FOTAV requests assistance from the U.S.
 

2.2 FOTAV E-P, NorthEast section
 

FOTAV E-P supplies heat to apartment buildings in the Northeast

section of Budapest. 
The company has two heating stations,
Ujpalota and Furedi, that supply hot water to separate groups of

buildings in a primary loop. 
 IA the basement of each building
(or pair of buildings, in some cases), a distribution substation
of heat exchangers is located that transfer heat from the primary

water loop to the secondary water loop within the building.

Separate heat exchangers are used for space heating and domestic
 

I In the one-pipe system, a single pipe carries the hot water through eachradiator in series as the pipe makes its way up through the floors of the
building. 
If a resident shuts off the flow of hot water to his radiator, flow
through the entire system (his neighbors on the other floors) will stop. 
 The
two-pipe system has 
a header and collector, so that each radiator is fed in
parallel and may be shut off by a valve. 
Approximately 50,000 homes supplied by
FOTAV have the one-pipe system.
 

RCG/Hagler, Bailly, Inc. 
 June, 	1991
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water heating.
 

Energy meters, flow and temperature drop, are used to measure the
demand taken by the building from the primary loop. 
 These energy
meters are monitored and recorded by FOTAV E-P, but are not yet
used for billing purposes. 
One energy meter is installed per
building (or pair of buildings).
 

FOTAV E-P estimates that 1/3 of the demand for heat is used for
domestic hot water, over the course of the entire year.
RCG/Hagler, Bailly confirms this estimate (see section III of
this report).
 

2.3 Activities of the energy audit
 

A team of senior engineers from RCG/Hagler, Bailly, Inc. and EGI
Contracting & Engineering, carried out site activities at FOTAV
E-P from April 19-26, 1991 to work together with FOTAV to develop
a demand-side management (DSM) pilot demonstration project.
During this period, the project was reviewed by Robert ARCHER,
A.I.D. Project Officer, who provided significant valuable
contributions to many aspects of the project design. 
The project
has received top management attention within the company, having
been reviewed and approved by three FOTAV Directors:
 

Imre SCHILLER, Chief Engineer for Development

Imre SCHEITHAUER, Head of Energetic Department
Matyas FARKAS, Chief Engineer for Services
 

The project manager for the effort at the North-East district is
VENCZEL Antal, Manager of FOTAV E-P, assisted by PAPP Zoltan,
FOTAV E-P Engineer. The RCG/Hagler, Bailly team consisted of:
 
David KEITH, RCG/Hagler, Bailly, Project Dircctor
Pascal HABAY, RCG/Hagler, Bailly, Manager for Hungary
LONTAY Zoltan, EGI Project Manager
 

The RCG/Hagler, Bailly team presented its recommendations
together with a letter of authorizatiun signed by Mr. ARCHER, to
Mr. SCHILLER April 26, 1991.
 

The RCG/Hagler, Bailly team observed that the standard of
management and engineering expertise available at FOTAV is
excellent. 
Technical staff is very knowledgeable about energy
conservation in general, and are up to date on the latest
advances achieved by Western European distrit heating companies.
The RCG/Hagler, Bailly team expects that this staff, with a
 

RCG/Hagler, Bailly, Inc. 

June, 1991
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market-driven focus, design guidelines, and a few additional
 
instruments, tools, and equipment, will be fully capable of

implementing a full-scale demand-side management program.
 

The RCG/Hagler, Bailly team would like to express their sincere

appreciation for the extraordinary openness and assistance,

willingness to conduct experiment to change operating procedures,

and warm hospitality offered by the staff of FOTAV. 
It is only

because of their openness and cooperation that this effort was

,',ssible. The RCG/Hagler, Bailly team is glad to have had the

opportunity to become friends with the staff of FOTAV, and hopes

to return their hospitality at some time in the future, whenever
 
FOTAV staff visit the United States.
 

RCG/Hagler, Bailly, Inc. 
 June, 1991
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III. ENERGY CONSUMPTION ANALYSIS - FOTAV SYSTEM
 

3.1 Energy supply costs
 

Natural Gas
 

Effective 7 November 1990, the natural gas tariff paid by FOTAV
 
E-P is:
 

Demand: 280 Ft/MJ/hr annual fee
 
Consumption:
 

From 1 Oct - 31 Mar: 0.264 Ft/MJ
 
From 1 Apr - 30 Sep: 0.259 Ft/MJ
 

In comparison, the Government-controlled tariffs for district
 
heating for the upcoming 1991/92 season are:
 

Residential: 0.242 Ft/MJ,
 
Small commercial: 0.380 Ft/MJ
 

Electricity
 

As of May 1991, the following electricity tariff was in effect
 
(ccnverted based on Ft 72 
= $1.00):
 

Demand charge: Ft 370 per kW per month ($5.14)

Energy charge:
 

On-peak (peak) Ft 4.50 per kWh ($0.063)

On-peak (day) Ft 3.00 per kWh ($0.042)

Off-peak (night) Ft 2.25 per kWh ($0.031)
 

Total costs
 

FOTAV 1990 energy costs for the total system were:
 

1. Heat: Ft 7,000 million, $97.2 million 
2. Electricity: Ft 200 million, $2.7 million 

TOTAL Ft 7,200 million, $100.0 million 

Costs in 1991 are expected to be about 30% higher ($130 million),

because of increased energy prices for the 1991/92 heating
 
season.
 

3.2 Estimate of final energy demand
 

The distribution of final energy demand among the energy
 
consuming sectors (residential, commercial, industrial) was not
 

RCG/Hagler, Bailly, Inc. 
 June, 1991
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provided by FOTAV. RCG/Hagler, Bailly has made a number of

assumptions and has made an estimate of final energy demand for
 
the purposes of this report, as follows:
 

RESIDENTIAL
 
Average residence heated space = 200 cubic meters
 
Ecoaomic cost of heat supply = Ftl40/cubic meter (in 1990)

Annual cost of heat supply = 28,000 Ft/customer ($389)

Residential homes heated = 240,000
 

Annual cost of supplying customers = Ft 6,720 million
 
Annual energy ccst (70%) 
= Ft 4,700 million ($65 million)
 

COMMERCIAL AND MUNICIPAL
 
Average heated space = 3,000 cubic meters
 
Economic cost of heat supply = Ftl40/cubic meter (in 1990)

Annual cost of heat supply = 420,000 Ft/customer ($5,833)
 
Locations heated = 5,000
 

Annual cost of supplying customers = Ft 2,100 million
 
Annual energy cost (70%) = Ft 1,500 million ($20 million)
 

INDUSTRIAL
 
Annual energy cost = Ft 1,000 million
 

(by subtracting residential, commercial and municipal

from system total of Ft 7,200 million)


Annual cost of supplying customers = Ft 1,400 million
 
Locations heated = 430
 
Annual cost of heat supply = Ft 3.3 million/customer
 
($46,000)
 

RCG/Hagler, Sailly, Inc. 
 June, 1991
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IV. 	ENERGY CONSUMPTION ANALYSIS - FOTAV E-P (NORTH EAST)
 

4.1 	 ;raphical analysis of energy efficiency
 

A graphical presentation prepared by RCG/Hagler, Bailly of basic

data received from FOTAV E-P on energy consumption, production,

specific energy consumption, and other key parameters is attached
 
as Appendix 1 to this report.
 

These graphs are provided for use by the staff of FOTAV E-P in

identifying variations in energy efficiency. The analysis is a

tool to point the way for more detailed investigations, in order
 
to optimize performance. These detailed investigations are

beyond the scope of the current study. However, a
 
A few observations are offered:
 

1. 	 The total annual energy cost for FOTAV E-P is about $10.7
 
million, in 1991 energy prices. 
The energy cost in summer
 
is about $300,000 per month, which represents only the
 
domestic hot water load. Assuming the hot water load is

approximately constant for each month, the annual cost
 
breakdown is:
 

Space heating $7.1 million (67%)

Domestic hot water 
$3.6 	million (33%)
 

2. 
 Station efficiency (GJ output/GJ input) is consiste.ntly very

good. Efficiency is higher for the Furedi station 
(89.7% in

1991) than the Ujpalota station (88.1% in 1991)2.

Efficiency was improved for both stations in 1991, 
as

compared to 1989, mainly through installation of combustion
 
control systems to reduce excess air, based on continuous 02
 
analyzers.
 

3. 	 Specific heat consumption of the system (system efficiency)

averaged about 310 GJ heat delivered per degree-day3, based
 
on monthly data for 1989-91.
 

4. 
 Specific heat consumption of the system (GJ per degree-day),
 
on a 	monthly basis, is consistently higher for Furedi than
 

2 The Ujpalota station has a concrete stack, which limits the exhaust gas

temperature to 168C. The Furedi station has 
a steel stack, and is able to

achieve a stack temperature of 120C or less (109C was observed during the audit).
 

3 Degrea-days in degrees C, based on 20C reference temperature.
 

RCG/Hagler, Bailly, Inc. 
 June, 	1991
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Ujpalota, by about 3-2%.
 

5. 
 The variability of specific heat consumption of the system

is significant. This high variability indicates that there
 
is opportunity for energy savings through improved control.
 
For example, for days with an average ambient temperature of
 
OC (20 degree-days per day):
 

1. 	 In 1989/90 and 1990/91, Ujpalota delivezed heat
 
from 4,800 to 6,200 GJ/day, a variability of about
 
±13% about a mean value of 5,500.
 

2. 	 In 1989/90 and 1990/91, Furedi delivered heat from
 
5,000 to 6,500 GJ/day, a variability of about +13%
 
about a mean value of 5,750.
 

4.2 Observations during energy audit
 

On April 22, 1991, the RCG/Hagler, Bailly team made measurements

of combustion efficiency and boiler efficiency at the Ujpalota

power station. 
On the test day, only Boiler #2 was in operation.

The boiler efficiency was 91.5% 
(LHV). This level of efficiency

is considered very good, and so no adjustments to air/fuel ratio
 
were 	carried out. 
Excess air was observed as 16%. The following

parameters were observed:
 

Ambient temperature 12C
 
Water supply temp IIC
 
Water return temp 53.5C
 
Flow rate of water 663 m3/hr

Boiler outlet pressure 10.7 bar
 
Burners in operation 
 9 (out of 12 installed)

Exhaust gas temperature 143C
 
Exhaust gas oxygen 
 3.1% 	(16% XS air)

Heat 	output 
 43.2 	MWth (155.5 GJ/hr)

Gas flow 
 5000 nm3/hr (170.0 GJ/hr)
 
Calculations:
 

Combustion efficiency 
 93.8% (LHV basis)

(see calculation on following page)


Boiler efficiency 91,5% (heat output/gas input)
 

Installation of a complete 02 control system could reduce excess

air from 16% 
to about 8%, which is the level obtained at the

Furedi station, which has the complete Siemens 02 system

installed. 
This 	will improve combustion efficiency to 94.1%, 
a

savings of 0.3%, 
or annual savings of about $32,000.
 

RCG/Hagler, Bailly, Inc. 
 June, 	1991
 



FOTAV - District Heating Works of Budapest Date of test: 22 April 1991 ACW/Hagler. BaJIly, Inc.Combustion Calculations - MOal Basis Boiler 02Time oftest: 1230 FOTAV - DIstri - Herting Woks of Budapest (North East) - UJPALOTA Fu.el FOOGnm31hr 
Fuel, 02. and Air per Unit of Fuel 

Line Fuel Per Fuel Mot W 
Constit Unit, lb Divisor 

MoleaFuel 
Cortett 

02 
Muhlplr 

02 Moles 

TheoReqd 

I 

I 
I 
I 

Flue Gas Composition, Moles par Fuel Unit 

- ___- -___- -__-____-
C02 SO 02 N2 H20 CO 

I 

I 

INPUT TABLE - FUEL AND CONDITIONS 

LINE Natural Gas,Budapest 
a Fuel analysis as fired(AF),% byvt orvet 

C- 70.0% CO. 0.0% 
1 
2 

3 

4 

E 
6 

7 

8 
9 

10 
11 

12 

CtoCO2 

C to CO 
CO to C02 
C unburnd 

Hf2 

S 
02 deduct 

N2 
C02 

H20 

Ash 

Sum 

70.00 
0.00 

0.00 

0.00 

23.00 
0.00 

-1.00 

8.00 

0.00 
0.00 

100.00 

12.00 
12.00 

28.00 

12.00 

2.0M, 
32.00 

32.00 

28.00 

44.00 

18.00 

6.83 
0.00 

0.00 

0.00 

11.60 
0.00 

-0.03 

0.21 

0.00 

0.00 
0.00 

17.52 

1.00 
0.50 

1.60 

0.00 

0.50 
1.00 
1.00 

b.83 
0.00 

0.00 

0.00 

5.75 
0.00 

-0.03 

0.00 
0.00 

0.00 
0.00 

11.65 

I 6.83 

0.00 

0.00 

0.00 
0.21 

11.60 

0.00 

_ 

0.00 

1 

b 

c 

d 

H2. 23.0% 
8- 0.0% 

02- 1.0' 
N2- 6.0% 

H20- 0.0% 

Ash- 0.0% 
TOTAL- 100.00% 

Flue gas analysis by test 

C02. 10.1% 
CO- 0 PPM, -
02. 3.1% 

'jta air (TA),based on above C02 test 
TA- 116% 

0.000% 

13 
14 
16 

16 

17 
18 

19 

Total aire116.0% (from stack tst) 
02 (eo) roqd - 02, l ine12 
02 (excess) - (rotal air -11 lno 12 
02 (total) supplied - lines 13+14 

Total Air (Trk)- line16/line 13 
N2 supplied - 3.76"O2,1ne 16 
Air(dry) supplied -02+N2 
H20 in air . moles dry air "A/(B-A) 

Air (wet) supplied - lines 17+18 

11.55 
1.66 

13.40 

116.0% 
50.39 

63.79 
1.36 

85.14 

Ih 

1.85 

60.39 

1.36 

T ise 
t 

g 

I 

1 
k 

I 

m 

Lines f,g,hfor gaseous fuels onlyWI, fuel unit -e sum (moles each 
° 
rnolmd ),lb 

Mol wt of fuel + line f1100 
Density of fuel - line g/394 (lb/cult) 
Higher heat value, fuel 12197 . Btullb 
%C In refuse 
Combustiblas unburned, % of fuel 
Stack temp. degrees C a 
Ambient temp, dry bulb, degrees C 

22000 

0.00% 

1d3 

12 

20 Flue gas constituents . lines I to 18, total 5.83 1.85 60.63 12.86 0.00 ---- > Total Moles Wet Flue Oas
71.133741 Dry Flue (Ias

68.281519 

21 Note: for air at 80F and 60%RH. AI(B-A)-0.0212 Is used as a standard 

22 

23 
24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

DETERMINATION OF FLUE GAS AND COMBUSTIBLE LOSSES IN BTU PER FUEL UNIT (AS FIRED)
Fuel unit 100.0W lb lue gas consilluents: C02 + SO 02 
MCp, Molal specific heat, mean, 2 to I1 9.81 8.14In dry flue gas, moles each. line 20"MCp'(t2-tl) 13500 3550
In H20 in air, moles H20, line 18*MCp*(t2-t) 
In sens heat, H20 in fuel, moles, lines (5+t0)'MCp*(t2-tl) 
In latent heat. H20 in fuel, moles, lines (5.10)'1040"18 
'3ta In wet flue gas 
Due to carbon In refuse, line k*14,100 
Due to unburned CO In flue gas; moles C to CO*12"9755 
Total flue gas losses + unburned combustible  lines 2 

8 
+29+30 

Higher heat value (HHV) of fuel unit- 100 " line I forsolid & liquid fuels 

- 394 * line I * 100 forgaseous fuelsStack and combustible loss, % ofheat input, 100line 311line 32 
Combustion efficiency, HHV, % of heat input 100-line 33 
Combustion efficiency, LHV basis (lne 27 taken out from heat value and losses) 

N2 

7.17 
8659. 

H-20 

7.06 

2251 

19139 

215280 

CO 

7.09 
0.00 

fCler 

Total 

102641 

2251 

19139 
215280 

339311 

0 

0 

33031 

2200000 

164% 

846% 

93.8% 

Conversion to metric units
kcsl kJouls 

total total 

25866 108287 
667 2374 

,4823 20191 
64251 227120 

65508 367973 
0 0 

0 0 
85506 357973 

554400 2321000 

15.4% 15.4% 
,4.6% 84.6% 

93.8% 93.8% 
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V. 
 SHORT-TERM RECOMMENDATION: 
IMPLEMENT DEMAND-SIDE MANAGEMENT

PROGRAM FOR ENERGY EFFICIENCY IXPROVEMENT
 

1. STATEMENT OF RECOMMENDATION
 

FOTAV should implement a demand-side management to help customers
cope with the transition to a market-based thermal energy pricing
system. 
The program should have many elements, including
pricing, information, metering, control equipment, and load
 
reduction.
 

2. DESCRIPTION/RATIONALE
 

The system of energy pricing for district heating in Budapest is
based on the volume (cubic meters) of heated space, not on actual
 energy consumption. 
This design was installed because it has
lowe-. capital costs than a meterable system, and because of
prevailing social views toward energy supply at the time. 
Such a
system offers no incentive for energy efficiency, because the
billpayer receives no benefit, should he take control actions to
 
save energy.
 

As a further cost-reduction in the initial design, approximately
20% of the homes in the FOTAV svstem (50,000 flats) were built
wit 
heating elements connected in the so-called one-pipe system.
This system (now outlawed) is uncontrollable - the resident has
no equipment by which he can take reduce the flow of heat. 
In
these flats, the introduction of an energy-based tariff would be
frustrating the resident would be dooAed to consume.
 

FOTAV should take the lead in organizing a demand-side management
(DSM) program. 
This program should be seen as a partnership
between FOTAV and its customers to assist in the transition to a
market-based system for the supply of heat. 
 DSM should be seen
as a long-term corporate strategy for FOTAV, as a logical
counterpoint to the increase of prices which will be required to
reflect the economic cost of service to the residential sector.
 

The program should have many elements, including:
 

* 
 Pricing - establish a tariff that offers an incentive
 
for the customer to limit energy consumption
 
Information  educate the consumer regarding the new
 
tariff and at the same time provide information on ways
 

RCG/Hagler, Bailly, Inc. 

June, 1991
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to conserve energy
 

Metering  a method of metering energy consumption cn
 
a building basis (each building hac 50-200 flats) is
 
already installed; a method of metering for the

allocation of this consumption to the individual flats
 
is required
 

Control eczuipment - control devices are needed on
 
heating systems. 
Manual valves can shut off radiators
 
but 2-way thermostatic valves cost only slightly more
 
and offer automatic energy savings
 

Load 	reduction 
- there appear to be cost-effective
 
opportunities to reduce heat loss through the building

envelope, such as by weatherstripping, insulation,

window treatments, vestibule doors, and other
 
retrofits.
 

3. BENEFITS
 

The project benefits the economy of Hungary by reducing the
demand for natural gas, most of"which is imported. These
calculations are based on the estimates developed in section 3,
according to the following assumptions are made 
:
 

Average residence heated space = 
200 cubic meters

Economic cost of heat supply = 
Ft140/cubic meter (in 1990)

Annual cost of heat sunply = 28,000 Ft/customer ($389)

Residential homes heated 
= 240,000

Annual energy cczt of heat supply to residential customers 
= 

Ft 4,700 million per year ($65 million)
 

3.1 	 For apartments connected to TWO-PIPE SYSTEMS (190,000 homes,

79%), RCG/Hagler, Bailly estimat,s the total energy

conservation potential as 30%, aJ follows:
 

1. 	 Conversion to a meterable system with a tariff based on
 
the cost of residential service can reduce energy

consumption by 10% after consumer awareness is
 
complete. Benefit = Ft 350 million per year ($5

million).
 

2. 	 Conversion to a controllable system based on

thermostats can reduce energy con3umption by 10%.
 
Benefit = Ft 350 million per year ($5 million).
 

RCG/Hagler, Bailly, Inc. 
 June, 	1991
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3. Implementation of cost-effective load reduction
 
investrents (insulation, weatherstripping, window
 
treatments) can reduce energy consumption by 10%.
 
Benefit = 
Ft 350 million per year ($5 million).
 

3.2 For apartments connected to ONE-PIPE SYSTEMS 
(50,000 homes,

21%), RCG/Hagler, Bailly estimates the total energy

conservation potential as 40%, as 
follows:
 

1. Conversion to a controllable system based on a radiator
 
bypass and thermostats can reduce energy consumption by

20%. Benefit = 
Ft 200 million per year ($2.7 million).
 

2. Conversion to a meterable system with a tariff based on
 
the cost of residential service can reduce energy

consumption by 10% 
after consumer awareness is
 
complete. Benefit = Ft 100 million per year ($1.3

million).
 

3. Implementation of cost-effective load reduction
 
investments (insulation, weatherstripping, window
 
treatments) can reduce energy consumption by 10%.
 
Benefit = Ft 100 million per year ($1.3 million).
 

4. IMPLEMENTATION COSTS
 

4.1 
 Fixed costs to design and operate a five-year DSM program,

to carry out information campaigns, and promote a
 
partnership with the customers are estimated as 
follows:
 

Year 1 (91/92) = $0.5 million
 
Year 2 (92/93) = $1.0 million
 
Year 3 (93/94) = $2.0 million
 
Year 4 (94/95) = $2.0 million
 
Year 5 (96/9*7) = $1.0 million
 

4.2 For apartments connected to TWO-PIPE SYSTEMS 
(190,000

homes), RCG/Hagler, Bailly estimates the following costs:
 

1. Conversion to a meterable heat and hot water system

with a tariff based on the cost of residential service
 
would cost $100 per customer, with an annual
 
servicing/reading cost of $50 per customer. 
Total
 
investment cost for 190,000 customers 
= $19 million.
 

2. Conversion to a controllable system based on

thermostats would cost $100 
 per customer. Total cost
 
for 190,000 customers = $19 million.
 

RCG/Hagler, Bailly, Inc. 
 June, 1991
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3. Implementation of cost-effective load reduction
 
programs would cost $200 per customer. Total cost for
 
190,000 customers = $38 million.
 

4.3 	 For apartments connected to ONE-PIPE SYSTEMS 
(50,000 homes),

RCG/Hagler, Bailly estimates the following benefits:
 

1. 	 Conversion to a controllable system based on a radiator
 
bypass and thermostats would cost $200 per customer.
 
Total cost for 50,000 customers = $10 million.
 

2. 	 Conversion to a meterable heat and hot water system

with a tariff based on the cost of residential service
 
would cost $100 per customer, with an annual
 
servicing/meter reading cost of $50 per customer.
 
Total investment cost for 50,000 customers = $5
 
million.
 

3. 	 Implementation of cost-effective load reduction
 
programs would cost $200 per customer. Total cost for
 
50,000 customers = $10 million.
 

5. FINANCIAL AND ECONOMIC ANALYSIS
 

Detailed discounted cashflow economic and financial analysis is
shown in the tables on the following pages. The economic rate of
 
return of the project is 22-24%.
 

The financial payback analysis for the project as 
a whole is as
 
follows.
 

US$M US$M/YR YEARS
 
COST BENEFIT PAYBACK
 

TWO-PIPE SYSTEMS
 
1. Meters 
 19 
 5 	 3.8
2. Controls 
 19 
 5 	 3.8
3. Load reduction 38 
 5 	 7.6
 

ONE PIPE SYSTEMS
 
1. Controls 
 10 	 2.7 3.7

2. Meters 
 5 	 1.3 3.7

3. Load reduction 
 I0 	 1.3 7.6
 

PROGRAM FIXED COSTS 
 7
 

TOTAL 
 108 
 20.3 	 5.3
 

RCG/Hagler, Bailly, Inc. 
 June, 1991
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U.S.A.I.D. Emergency Energy Program for Hungary 
FOTAV: District Heating Works of Budapest 
RCG/Hagler. Bailly, Inc. 
Financial &Economic analysis 

22-May-91 
For 1-pipe systems: 
Assumptions: 

$50.00 
$50.00 

35% 
$10.00 

25% 

200 m3 apartment volume 

for each valve 
for each heat allocation meter (electronic) 
savings for monthly readable meter 
for each heat allocation meter (fluid) 
savings for annually readable meter 

72 Ft = US$1.00 
10%oOsavings for potable hot water consumption meter 

Case 1 - electronic heat allocation metering
Year 

Installation cost 
Valves 
Heat Meters 

Water meters 

Installation 

Total 


O&M cost 

Cost of supply (heat) 
Fin Tariff 
Econ cost 

0 1 2 3 4 5 6 7 8 9 10 

10800 
10800
 
5000
 

12000 
38600 

600 600 600 600 600 600 600 600 600 600 

104 Ft/m3/yr, based on tariff for 91/92 heating season
 
140 FUm3/yr, based on study using 90191 border prices for gas (by FOTAV)


Cos' of supply (hot water, based on FOTAV estimate of 1/3 of total energy) 
Fin Tariff 10000 Ft/yr 
Econ cost 14000 Ft/yr 

Energy savings 35% heat, 10% hot water 
Financial 8280 8280 8280 8280 8280 8280 8280 8280 8280 8280
Economic 11200 11200 11200 11200 11200 11200 11200 11200 11200 11200
 

Net benefits 
Financial -38600 7680 7680 7680 7680 7680 7680 7680 7680 7680 7680 
Economic -38600 10600 10600 
 10600 10600 10600 10600 10600 
 10600 10600 10600
 

Project evaluation criteria 
Financial 5.03 years payback period
Economic 24.4% economic Internal rate of return, 10 year planning horizon 



U.S.A.I.D. Emergency Eneigy Program for Hungary 
FOTAV: District Heating Works of Budapest 
RCG/Hagler, Bailly, Inc. 
Financial &Economic analysis 

22-May-91 
For 1-pipe systems: 
Assumptions: 

$50.00 
$50.00 

35% 
$10.00 

25% 
72 

10% 

200 m3 apartment volume 

for each valve
 
for each heat allocation meter (electronic)
 
savings for monthly readable meter
 
for each heat allocation meter (fluid)
 
savings for annually readable meter
 

Ft = USI.00 
savings for potable hot water consumption meter 

Year 

Installation cost 
Valves 
Heat Meters 
Water meters 
Installation 
Total 

O&M cost 
Cost of supply (heat) 

Fin Tariff 
Econ cost 

Case 2 - fluid heat allocation metering 
0 2 3 4 

-----------------------------------------------------------------
5 6 7 8 

10800 
2160 
5000 

12000 
29960 

600 600 600 600 600 600 600 600 

104 Ft/m3Iyr, based on tariff for 91/92 heating season
 
140 Ft/m3/yr, based on study using 90191 border prices for gas (by FOTAV)


Cost of supply (hot water, based on FOTAV estimate of 1/3 of total energy) 
Fin Tariff 10000 Ft/yr 
Econ cost 14000 Ft/yr

Energy savings 25% heat, 10% hot water 
Financial 6200 6200 6200 6200 6200 6200 6200 6200 
Economic 8400 8400 8400 8400 8400 8400 8400 8400 

Net benefits 
Financial -29960 5600 5600 5600 5600 5600 5600 5600 5600 
Economic -29960 7800 7800 7800 7800 7800 7800 7800 7800 

Project evaluation criteria 
Financial 5.35 years payback period
Economic 22.7% economic Internal rate of return. 10 year planning horizon 

9 10 

600 600 

6200 
8400 

5600 
7800 

6200 
8400 

5600 
7800 
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6. IMPLEMENTATION SCHEDULE
 

A five-year program is recommended, beginning in 1992. During
the 1991/92 heating season, a pilot demonstration is recommended
 
in a sample building.
 

7. PHASE 1 - DETAILS AND SPECIFICATION OF EQUIPMENT
 

Refer to APPENDIX 2 for PROJECT ACTION FORM, which provides the

details of the equipment for the pilot demonstration, to be

procured under the U.S. Emergency Energy Program.
 

RCG/Hagler, Bailly, Inc. 
 June, 1991
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VI. LONG-TERM RECOHMEND.ATIONz 
INSTALL COGENERATION SYSTEMS TO
 
IMPROVE THERMODYNAMIC EFFICIENCY
 

1. STATEMENT OF RECOMMENDATION
 
FOTAV should evaluate the feasibility of installing gas turbine
 
cogeneration systems on their district heating stations.
 

2. DESCRIPTION/RATIONALE
 

In the heating stations operated by FOTAV, hot water is generated

directly in natural gas fired boilers. 
While the "First Law"
thermodynamic efficiency of the existing stations is very good
(nearly 90% based on LHV), 
the "Second Law" thermodynamic

efficiency is poor because of the low temperature of the water
 
delivered by the stations.
 

The opportunity exists to repower these stations as cogeneration

stations with a gas turbine generator providing waste heat to a
heat recovery boiler. 
In this way, electric power can be
generated without additional fuel consumption, providing a higher

"Second Law" thermodynamic efficiency.
 

Modern aeroderivative gas turbines, such as the GE LM-2500, have
improved pressure ratios and firing temperatures to achieve a
thermodynamic efficiency of about 35% 
at full-load and 30% at
half-load (as compared to 20% at full-load for Ist generation gas
turbines). 
 These turbines have lower exhaust temperatures (375C)
and are not favored for combined cycle powerplants which must
generate steam from the waste heat, but the exhaust temperature

is still sufficient for the low-temperature district heating

application.
 

For a system efficiency of 90%, to achieve the same exhaust gas
temperature and excess air conditions, it may be necessary to
have auxiliary burners in the waste heat boiler to make use of
the excess oxygen in the turbine exhaust. In addition, because
of the low heat available per volume of gas, the waste heat

boiler must have a much larger heat transfer surface than the
 
existing boilers.
 

Assuming the system efficiency of 90% and a gas turbine generator
efficiency of 33%, the electrical output will correspond to 36%
of the thermal output. 
Taking the case of the Ujpalota station
 
is taken as typical:
 

RCG/Hagler, Bailly, Inc. 
 June, 1991
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Typical winter day: 5,000 GJ/day

Typical summer day: 1,000 GJ/day
 

the resulting electrical output is as follows:
 
Typical winter day: 500 MWh/day (20 MW)

Typical summer day: 100 GJ/day (4 MW)
 

The load in winter, about 20 MW, is appropriately sized for a LM
2500 aeroderivative unit. However, the load in summer world be
 
far too small to make efficient use of this unit. A smaller unit

(such as manufactured by Solar Turbines) could be installed for
 
use in summer.
 

3. BENEFITS
 

Economic benefits are estimated as reduced importation of

electric energy from the Soviet Union. 
As RCG/Hagler, Bailly

understands the present arrangement, the average cost of imported

electricity is about US$0.055/kWh.
 

Financial benefits are estimated as electricity sales to the MVMT
 
grid. 
A detailed analysis should be carried out to determine the

magnitude of the benefits, according to the MVMT tariff, which

has seasonal and time of day rates. 
For the purposes of this
 
screening analysis, an average financial benefit of 3 Ft/kWh is
 
assumed ($0.041/kWh).
 

Because of the uncertainty regarding the sizing of the unit, a
 
system used only during the winter heating season is assumed.
 

Average heating load: 4,000 GJ/day

Electric generation: 400 MWh/day

Heating season: 180 days/year

Seasonal generation: 72,000 MWh/yr
 
Energy benefits:
 

Economic benefit: $3.96 million/yr

Financial benefit: $2.95 million/yr
 

4. IMPLEMENTATION COSTS
 

Costs are estimated as $600 per kilowatt (electric) for the gas

turbine generator, electrical switchgear and substation, and
 
waste heat boiler. Installation costs are estimated as a further
 
20%, for a total installed cost of $720/kW.
 

With the proper sizing of the turbine/waste heat boiler, no
 
additional fuel costs are required to generate the electricity.

Operations and maintenance costs are estimated as 
$0.005/kWh.
 

RCG/Hagler, Bailly, Inc. 
 June, 1991
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Peak capacity: 25 MW
 
Capital cost: 
 $18 million
 
Incremental O&M cost: 
 $360,000/year
 

5. FINANCIAL AND ECONOMIC ANALYSIS
 

The financial analysis requires investigation of financing (debt

or equity) and also consideration of tax implications. For the
 
purposes of this report, a simple payback analysis is used for
 
the financial analysis:
 

Capital investment: $18 million
 
Electricity sales: $2.95 million/yr

Increased O&M cost: $0.36 million/yr

Net income: 
 $2.59 million
 
Payback period: 6.9 years
 

The economic analysis is indicated on the following page. 
A

standard conversion factor of 0.8 has been used on local costs,

to indicate that Hungary has not yet reached parity with Western

economies (there is a shadow price of local labor and other
 
costs).
 

The project economic net present value is over $9 million, with
 
an economic internal rate of return of 17.6%. 
The economic
 
analysis indicates that this project would be favorable to
 
Hungary, and warrants further study as a possible project for
 
funding by funds for energy and the environment by development
 
banks.
 

6. IMPLEMENTATION SCHEDULE
 

1991/92: Full engineering and economic feasibility study.
 

1992/93: Arrange financing
 

1993/94: Begin engineering design, order gas turbine generator
 

1994/95: 
 Procure major equipment and begin construction
 

1996/97: Complete construction
 

1997/98: Plant commissioning and full operation
 

RCG/Hagler, Bailly, Inc. 
 June, 1991
 



U.S.A.I.D. Emergency Energy Program tr Hungary 
FOTAV: District Heating Works of Budapest 

RCG/Hager, Bailly, Inc. 
Recommendation - Install Cogeneration System 
Financial &Economic analysis 

05-Jun-91 
For Installation of gas turbine and waste heat boiler 
Assumptions: 

$450 per kilowatt for gas turbine (FOREIGN) 
$270 per kilowatt for winte heat boiler and Installation (LOCAL) 

0.80 standard conversion factor on local costs 
3.00 years construction period 
10.0% discount rate 

25.0 MWplantcapacity 
72.000 MWh annual electric generation 
$0.053 per kilowatt-hour economic benefit 
0.005 per kilowatt-hour O&M cost 

Economic costs and benefits. expressed in 1991 US$ 000 
Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 1 19 20 21 

COSTS 

Engineering 1,800 

Construction 4.995 11,655 

Operations & Maintenance 360 360 360 360 360 360 360 360 360 360 360 360 360 360 360 360 350 360 360 

BENEFITS 

Electricity sales 3,960 3.960 3.960 3.960 3,960 3.960 3.960 3.960 3.960 3.960 3.960 3.960 3.960 3.960 3.960 3,960 3.960 3,960 3.960 

NET BENEFITS (1.800) (4,995) (11.655) 3.600 3,600 3.600 3.600 3.600 3.600 3.600 3.600 3.600 3.600 3.600 3.600 3.600 3,600 3.6t..) 3.60 3.600 3,600 3,600 

NPV 9.506 

IRR 17.6% 



APPENDIX 1
 
GRAPHICAL PPESENTATION OF HISTORICAL
 

ENERGY CONSUMPTION AND EFFICIENCY DATA
 

FOTAV ESZAK-PESTI 

District Heating Works of Budapest, North-East Section 



FOTAV ESZAK-PESTI
 

District Heating Works of Budapest, North-East Section
 

MONTHLY DATA
 
JANUARY 1989 - MARCH 1991
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FOTAV ESZAK-PESTI 

District Heating Works of Budapest, North-East Section 

DAILY DATA
 
UJPALOTA HEAT GENERATION STATION
 

1989/90 HEATING SEASON
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FOTAV ESZAK-PESTI 

District Heating Works of Budapest, North-East Section 

DAILY DATA
 
UJPALOTA HEAT GENERATION STATION
 

1990/91 HEATING SEASON
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FOTAV ESZAK-PESTI 

District Heating Works of Budapest, North-East Section 

DAILY DATA
 
FUREDI HEAT GENERATION STATION
 

1989/90 HEATING SEASON
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FOTAV ESZAK-PESTI 

District Heating Works of Budapest, North-East Section 

DAILY DATA
 
FUREDI HEAT GENERATION STATION
 

1990/91 HEATING SEASON
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APPENDIX 2
 
PROJECT FORMS FOR
 

DEMAND-SIDE MANAGEMENT DEMONSTRATION PROJECT
 
U.S. EMERGENCY ENERGY PROGRAM FOR HUNGARY
 

FOTAV ESZAK-PESTI 

District Heating Works of Budapest, North-East Section 
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zf ttIL U..S.,,Cress %tpprt
Cte.rposo uf :his 1rtter is 1to 

z-ati Oetrcfit Prcgram. 

in ton I i -n to #-ir-arti the 
ih:c ex:C)rass tr~e J 

for one. ouildirq jin the Sui.±ding Heatinlg 
;j;A)zhaeol *Quigmen,: 

it, the atti~chad draftdescrited
9Svtem Retrofi.t Proq-aiP as 

of trw meetings.

d:)c6.amvrt orepored as a result 

rtiBthU.,1D

t~rr~S t he auiprnt mL..st meet 

Q44iCSov. trio U.3.A.I.D. =c.-iract 
.-eqL--e'tion1A and ttu aOproya, t Qwg'jocmasSfIt is my )Peataziom toa
in wari~tt xC 

Li 1! mutit t h
ioqijrrn nt 01%Q09sed.

t!, UJ.S. mr H.raaria1 

procLurameft rem-..iremW(to.
U.S.'A.L.D. 

.a1c of the
tthe IrnQortamceirndicatudTtMCI dicusstioms' 


thet the fo LOfQWq i
 
si.c~es it is urdwirstcootls hakrc* of 

(.. Got the
Wo-I S -"I b.aaosti 

t'e oari. n the Dist4c% Hosting 


to save
an' ir-ceriti'.'e
that gives residents
3S 'IfftJ.Q tariff qiv~a rvideltstjilin t'8t() devaloo Pithloene'Qy, 1 &n'Pqy sofic.Oflcy

how the, IdavW~j. (4) crComote 
ijofneattxof on samatcall,.Imronitor re-.lts sy

ArnCA10 V'IE rmsicents anid (5) 

Uisric &s 2.sofg-Hetn-lr s1 j..tooV~e ,t:hrliiilo 

and Ea.I. 'rhu,, will &ISC 
You- orenizbti.ofCCQVrtri wi~Jth r review an the - ad-i,

or. Iaiited bAs~.s tecmri a& as
*rov -do e 

tariff desig?'.xrmcart3/,eretrofit design and 

*,oCqthwr to mnake 
4orward to .n cooortutiity of wor'kingq 

u LVoc'-
oT-oJect s5JAcIssjL.LjIti-is iniportant 

5jrcm'U3 y Yours, 

Poldort Archer 
P-oject Officer 
U.S.A. t.1). 

report. zf thm meetings of f~prili 26, 19P 
Attactiedi draft 

http:orenizbti.of
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(2) The data shoat of the apartment house:
 

Address of mother building: 	Budapest, 118
 
Franxkovics utca 
19-23
 
Building N*Ol
 
(prem~ntly the heating center Is
 
eituated here)
 

Addreee of daughez-bullding; 	Budapest,115
 

Frankovics utca 13. 15.17
(a separate heating center is to
 
be implemented here to compare

the heat consumption of the two
 
bu£1dinsa )


Object NO 49-4-7070-7071
 

Number 3f apartments: 2 x 190 	= 380
 

Energy conhumptinn for apace heating: 1 913 kW
 
Energy coneumption for hot water gen.; 
 280 kW
Sum total: 
 2 193 kW
 

Monthly data:
 

Heated space of: 
 Lumpaum yee
 

esoideqtal faeiliiaa 90 001 .,3 
 1. .Q0 _ Si9c0o 'L
- common rooms 
 545 ma x 6.30 = 3434 Fteamaanly Ua4I aD&Ls 0 01u -% . W 22434 FL 

Hot water conumption 
 3 440 ms x 31.50 108360 Ft
 

Monthly heating fee during heating season
 
(15th of Ootober till 15th of April) 
 663316 Ft
 
Monthly hot water fee (from 15th of April
 
till 15th of October) 
 108360 Ft
 
Total yearly fLe for FOTAV 
 4570056 Ft
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Breakdown of heat consumption (heating and hot 

actual Measurements:
 

MONTH 

January 

February 

March 

April 
Hay 
June 

July 
Aust 
September 

O tober

November

Doeember 

Total 


OONSUHPT ION 

3334 
1993 
111
 
1597
 
910
 
481
 
55,3 
579
 
4,2
 

1108

1885

2603 

17248
 
Fee Paid acoording to lumpuum contractYee which would have been Paid basedon meaaurement 


Characteriatice of the buildings:
 

water) based on 

(GJ) 

4 570 056.0o vt
 

4 173 532.00 F;t
 

One pipe heating systam with upper distribution. 

Design heat dsmand 1 678 000 koal/h 

Design water flow 24 m3/h
 
Automatio vents with collected vent lines
 

570 poe "RADAL" typ. (aluminum) radiator
 



ACI ION 

1. PLANT IDENTIFICATLUM
 

Bt'160dt
FOTAY; Distric.t HoAtIfl9 WOrkS Of 


2. STATEMENT OF RECUMMENDATION 

Heoato AartTnt%PRtrojit Heatin~g systoms in DrislCt 

.3. DE5CFUPriON/AT1NA1-E 

3.1 ExistliQ coditionls 

Meat to 2Ao,(.)O nlornso 5.000 MuniC4Qaj Cu.stoIIr
FG5rAw provj.O55 MWJwith a 008k~ 10aC Of 2-6:0 
an 41 irr~dustr'±,1 custoimtow'. 

frcm MVMT
01 th rigat Aj-iQ0Lad. 2,'1 45 Prcnasa

;-.hrnal1. 
 1/": is gereratidro1 bacrt!'J ttu'vines) and' :qenratcn 
(2acI ima- 3 Or 4 Ooilers).15£ ocile p1~nt;*n t-,e ccmpsr- s 

up 15.C, tte tatrperatwre1 tic nriaary water .1 supplima at to 
boror
Th2 socaflaar-. Ismo~ent conditionls.bsir,1 'ncd~..lated lzy -2:30 wkrks 

Ln.ta].1eO in the builair'gs, each swp1lyinq 50 h~ome's, 
is no storaqe ii' 

on tiumply PrmperaturU or ujp to ciQC. Thare 
uf Ft !.0001990, FOTAV tied cnorq,, costs 

M tner loco. For 
-n .1ion for moot (troM r'iM1 and 1cr natu.ral gas) and W-t 200. 

cost of the host 
miiiiol 'or ectr.ci.ty from MYMT. The 

per jooar$- or CLuDI meter o' livimg soac&
X~jnlwdiS Ft 140 

"he or;'Ce;Nos onl~y Ft 612 
*Atiereas the 1990,'91 meat tari'ff 

to Ft 104 e1ffective I Jor~w L091 The baSIG 
'A--' I1 big increased 

there armu cit~oent gas prices
in- the subsidy is that for 

(Ft 12 per cubic motor) and r-esidential !r-t 5 oar mrn3) 
imnustr~ia 


FOTAV buys gas at the industriahl rots, 
gas custoimers, and 


ar organ~ized program t-. 
the, past 15 YearTA, FOTAV has MadOver 

so as to redu~ce the 2LubsJdy to a m~iniflv-am.
*f=iency,imora e 14 


target iterior spece temnperatureW from 
rhev li-t reduced 1tho 

been installing cntro. 
to 2110. and more recantl/ have,13C boi Lor olantS. 

z-:. J.pmrt tZ iM~rrcV* OLti~r! gff1±nIjeiai 
-1he., 1'ta.Q j.i'oro\.ed

&d ?.''4 A~hie'ved 4m.rnovrwmt% n1 abu :%. 


th~e inut.1ation of distribution systoems (even~owld a
 
and hav'e

-nake styrv4oam oJipe Ir-attr')
ma-fctwring Olflt to 


systems to keep 11IiSLI1Ati~fl Cr'/.
irtalied 

haef an ongoing co-ogram to instai1 &mrOg'
r.inz- 1q8, they 11av# 

me .or%in substations. and OMPOCt tO tfglrM t..inq tHese mote rs 

*tiO easom, 
fjr oill1.nq purposes ~e±iigwith tt.D 199V93 


can be worklud out.

't~ ani &.:propr3.atU tariff 

on the demanld iido.action Lij now anorq, conss'rvation"fill 'Ku-' 
of I- are availlJ thrcugn anvarxif cof 

POtgntal~ ggovings 
to 11-1 Controllable sygtoms1. Som

*)1sta.liq Systemis meterabbu 
av h nc n r l on q 1 m p 

20% thurn.m C2 r 

http:oill1.nq
http:j.i'oro\.ed
http:ectr.ci.ty


HUILDING HEATING SYSIEM HEIROWIT PROGRAM
FUTAV 

3.2 Rwcom*ndation
 

t . ' Flo ar' G1O t Cf
.:Ar,.A t. a d@110lS t -t0 t Or, 	 eCe 

n..,e--3W a g':& to a 	 C.ontro.l&0oi ada. emBa3ii 

ard ,uterg Dn radiatorS. 
z:ytem Install tnermoEta. valv.:s 

3.3 AppliCation
 

F~C ha two 	 o ~ed- tuioCingQtheidernt, 4 i&d aoar-mcrt .' 
t th.rCici a zuttation eoi~ffd with a 

s reatirg 

neter. f7~t apa**nt oUilclng is manaed -10 aL 
to .nstall separate heot 

.Coeratiye, 'hart lzi. FCTA', intcis 

ne~prg, gne per &prtm,'~t bu±ic1"0. 

of o.e a rtmentS bL-.1.dIIgqISpeCification 

ribId 750,

1eatem volume I/ 

apartfrn-S pr bulcirgs 190 

aVeraqu volume per apa-t. in3 145 

r:Cjr.'S per- Apartment 
8 4 


apartmenss per level 

0 	 4 

acartment on tne grouind level 	 2
 

rneteC vclume per ariarrne 	t MlbO ±15 
4 
10 

radiato-s per apartment 

aluminilum
type of radiator 

2 2 2 

ho: water tapS par apartm t 

1.: tnis Volume Ooesn't ij"lkde hoated common soace whicM 
r--o-
are not charged :o roesidents.
 

4. BENEFITS
 

4.1 Bmnetit to the district nmting company 

depends on the bl~ling

Berefit to Une det:,ict Lewtinq 	cmoepemn 


rethodi 

of livin. s$ace , %he 
M 1-i, the case of a p!d rce or- rnZ 

with no 
heatin; will get a reauction of ogeracirg cost

5!strict 
of bille@ revenue.
reductior 

price ztructvrw with a prooorticnal
o 	 ti the case of a 


district heattinq aomfany will
 
comoonent ;;r 00 01 neat, tie 

cost (fuel ga#i anC 
wrxrerrcr' a reauCtion of both operating 

GJ Qh moat is lowerbili d revenue. If the marginal price per 
the district hating; (-omoar'-. will

than trie marqaj cst per (3J. 
the an increms of its nat earnings, The hrctre of

have 
be 40% constant (derand
binomial price fwrctirn is expeCten to 

the tariff apolied(per Gj price) so thatcharge), 60% variatle 
tO an UrcotrallaDbl o,-e-o.'p buildiinq yields the same charge as 

the existing ,,.goulsted Iumz-sum tari 4 f mar m3. 

4.2 Sorefit to the customer
 

per n3 Cl 1.ving soace. the case of a fixed priceo In tri 
customer 	 doesf t reoew.ve any financial Dvn4Lt. Hcwevor. he 

&%d Comf rt oS a comeovemC cpf the~ 
-. 4 1 i mm4 -frrm an' in 	 re 

http:reoew.ve


3 R4ETROFIT PROG~RAM 
FurAY - BUILDING HEA1IN3 SYSTEM 

Aor~Volume of the 
or)eo V one iMTm 
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4& ona /YrinC1-ewg1L±neryr5~l'PIrLriiwr't ~eaS C M. 
aav eedr nt, e 

ca oiieoalnarpedemncd 
h

osit ccrou; otrVavrgeIM
Mf -e?'at hea the 

Frrwi-t3Q savinqs heatl^ Ft 
Fot
water
63ofrc--cq savingsor, 

Aerentagos reucti 04fl CO&9dmanC50 

13Y
14 on 
owe'.imf Voej±t 

ida li/rn3'yr
CLrrn -#, or.ption4 hSt wa' 


Cor 63 o htiFt27
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annua:l rvi.nr ;as375
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4
HEARTIN SYSTEM RETROIFT PROGRAMForAV - BUILDING 

,ot.e J t a.s.minq that the ag uiLity "'"Pany is w"lirng tO 

,.@c tmLo demard clirge acirding to the actual demand 
rff 


rote2: this incrpose of warning- is ,cs. likelv a rQLtt-tiOn 01 
trsnslatv automaticlih\ 


operationl osses, which will irto 

the same amcunt.
 
r-duztaon of government suosin' of 


4.4 Energy smavinqs for one buildLing
 
2,565 GJ 

H.eat consumption ?e~luctiVn at tuil.Cinq 'oval 
2,7eg G.3 

Na-.ral Qao savings 


66 too
 
equivelent to 


51 kw
redtection
Natwteal gas demand 
1,250.000 Ft
 

Natural gas cost reduction 
 Ft 
In rea@eo maintenance cost 


flet earnings inc-ase 
Ft
 

ripnal qas savinqs
 Us 4743fl US$ 20/ba1
ct. in . -,Iatiora price (t) 

5, IMPLEMENTATION CrST 

5.1 Average cost por dwellinq
 

EsiImat d. fe.r a dwelling - i Pipt Syitem
 

Tner, ostatic radiator .alvas (Z * Ft3.'.00) o Oo
 
.2.700
OcRadiit~r mete-s (3 a wt 
4,000


Hot water meters (2 2 Ft000) 

Eyposs ano in mtlla3.ion zOstt
 

4.000
urs/dovis* x Ft400
(3+2)devlces r,2 h 
21000

supply and accessories 


21,700

TOTQL COST 


cost for one building
5.2 Total 


OuOFt iS$ 

(O4 Q Ft3,000) 18±,2 2.C)00Q
Thermostati. radiator valvm 


544 7,00
 
Radiat meters (bO4 1 Ft900, 


7 0 ¢,0C',
Hot water meters (1e,0 * '2000 


,3,.16 44.600
 
sibtota souipment 

31± 4.460 
shipment (@ 10%) 0
 
installation cos t a/7 


90
1atior 380
5amu0liVs * aceossorits 


4,600 49,000

Totii 1/ 
 23Q 2.450

(1 5% 1contirnonci's 


4.8 1.. 50' 
GRAND TOTAL 


of a now
and installation
nt in:ludo procurgmurt
nota it do 7
OLImu or booeter for t:i %Mae@ hrating hot water 1000 


http:Ft3.'.00


F07A~V 	 HEATING sygTEm RVROlFIT PROORAM 
-BUILDING 

6. FINANCIAL AN4D ECOINOMICZ ANALYI916 

6.31., FinanhJiai analysis 

Ft 4,8 0 -QC0
ots zost 


4.:; yuarz
iibc 

f i~tEt'~n 

f2.nanr.LGI hyPott'@sl9 

Oae 


10 years
Duratimcn ::f 1t.refl:i.~i gra.isia 
15 '/1LIS::=.art rate 

sensitiv~ty analysis Wetbs 

20 Z) 40 
ze-retaivY scv2.g' 

'415 	 j)O 25 
yer6.5 	 .Z 3.42 

6.2 EJconomic analysis 

6.3 	Hard currency balance
 

ubs t.LS50C
'rati~ :;a 

.5 Yeg'-S9 *kv 04:PF

sunsitivity analyals
 
MVg 1-wet
%CcIslowe'st 

30 '20 ).aZrt~rt.cfi8 ewc of *ner.:Y U8./tl 
or;)CI~tu I ty205 	 t 

**" PMyOa~k 	 , . 

7. SCH1EDULE 

7.1 1.;rltIcal path schedule 

Task I --compwtion dateui May 

HSI identifiesI US valves manw.iacturgro. coilects CoteloqU62 
eanc 

shp them to Hungary tnewcugh ESI -for FQTAV
L-rochures &no 

Task 2 - comwpletionl 	datet May 10 

a list of QQualitId US and Hiungr'ianFOTAV'isutaoL±ls 
nanu.facturers and 591aected limes 04 o-oducts tas~c or 

C3t61OL1Qe. 

amd Commnts scecifcotions of acuiprient c-sp&eC
FOTAV roviw 

bV HSI,
 



HEATING SYSTEM HEIRO)FIT PROGRAM6
 -BUILDING 


Task 3 cgomple*,iofl datet May 24
 

Hal zVIAIGte Qotatlopq basic perfrii'Ces 0.f Propo5@O 

au-iort from~ US mf'ufactlurw-meqipt'-, shir.,z1v Of 0?oomaa 

and hoe :I s; pu to '4unqar" Cv axoreEs MailI.
 

t -ni. mar cr'ioen.eI 0 env;'rM~nt 'rom
czi ULgtaticn.:1~att9 

Task A - cromplwtiol Late: May 27 

timie. Aval1al~ility of~~r~rr~rWuproduct ttli.ver'i 
otner* criteris.rrai'Gtan'cw awoort Vri Ewrcou anci 

osed -2r
FT01-1 eizeblisf'U! a finral z*wifi~atiorm of acuiomont 

~e~B ciracTyra i.c5 of praduts5r. irrc acio o,? Campu. 

rask 5 - .;rMpltj(-3n cate: Mlay 30 

USAID riLds c1earancip or equi.zmert orcawroemnft baffid on' -qB 
and agvluot.vt, of cuotation.financilal andJ pcvnoric stlidy 

raik 6 - completion datat June I 

r4I sarid1s pu-ar'ase order,% for 2QUIpOmert 

rask 7 - cumVpstjo datel June 15
 

woujime-t adae Lf4tunlcry, inst~allation
inw
First ra-i:2erit of 

1ask 9 - completion date: July I. 

L.-%t zt-ipmert 0' VC3U-4mw-t arri.ves iT' Hungary, 

Ta&5k 9 - completion dlate: Auriuist 30 

F-'z of jt~st&1latior vsorks, 

Tnz4 10 - completion dates September 8 

Lo~ of6idrawl..c tests. 

Task 1L - completin LjtV3 Septomber L5 

Begnniiqof hostingq axs:ir.
 

7.2 Othier task* to be completed 

7.2.1 Task* to be completed by FOTAV
 

-' qat the full coperato of the c0ooratiV*
 

0 ~Cv0L~j and inalueen a heating~ tariff Viet gives residU'nS +
 

an iriCatiw to see enoeg

http:agvluot.vt
http:cr'ioen.eI


FETRCOFIT PRrJ3RAM7 
WFrTAV - BUILDINU 	 H4jATING SYSTEM 

O*rqy jt~zjoc mmonC tn. rRSicdentv= coirot& 


L3 moritto- rerl.Its Svtqmatical.i,
 

o lnd tme owsigr *riO LnstI1latiI cOuts 
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