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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 nct (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 informaticn, 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 nofficial views or policies of the above named institutions.
Mention of trade names or commercial rroducts does not constitute
endorsement or recormendation for e::clusive use.

QUALITY ASSURANCE

The contents of 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 1limited engagement of only about one week's
duration ia the plant, and 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 Statesi. This
report has been prepared under the guidance of a registered
Professional Engineer, licensed to practice in the Uniter 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 & Engincering

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 potentiai 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 charge (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 hoiler efficiency at
Ujpalota, and tc analyze energy usage data and degree-day weather
data.

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

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. TLong-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 cogereration 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

2.2 Introduction to FOQTAV

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). The
remaining 1/3 of the heat is gerierated 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 temperatuvre of
150C - 180C, depending on the system. The primary system
consists of 450 km of transmission pipes, ranging in diameter
from 50mm up to Y00mm, 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 S 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. 1In 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 outsice 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.

o 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 *ransmission systems.
o Built a manufacturing plant to produce modern
insulation systems, based on foam technologies.
. Installed system improvements to keep insulation dry.
° Equipped substations with automatic temperature

control, based on local conditions at the substation.

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

. Conversion to varialile 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. 1Ia 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

! In the one-pipe system, a single pipe carries the hot water through each
radiator 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, Inec. 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 reccrded 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 *he enerqgy 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 Director
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 authorizatioun 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 district 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
rJssible. 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)
Enerqgy 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
Economic cost of heat supply = Ft140/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 = Ft140/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 1,0C0 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, Bailly, Inc. June, 1991
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IV. ENERGY CONSUMPTION ANALYSIS - FOTAV E-P (NORTH EAST)
4.1 JGraphical 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 consistently 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-day’, based
on monthly data for 1989-91.

4, Specific heat consumptiocn 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 1-2%.
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
0C (20 degree-days per day):

1. In 1989/90 and 1990/91, Ujpalota delivered heat
from 4,800 to 6,200 GJ/day, a variability of about
+13% about a mean value of 5,506.

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:

installed.
savings of 0.3%,

Ambient temperature
Water supply temp
Water return temp
Flow rate of water
Boiler outlet pressure
Burners in operation
Exhaust gas temperature
Exhaust gas oxygen
Heat output
Gas flow
Calculations:
Combustion efficiency
(see calculation on
Boiler efficiency

or annual savings

12C
111C

53.5C
663 m3/hr

10.7 bar

9 (out of 12 installed)
143C

3.1% (16% XS air)

43.2 MWth (155.5 GJ/hr)
5000 nm3/hr (170.0 GJ/hr)

93.8% (LHV basis)
followinag page)
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 cbtained at the
Furedi station, which has the complete Siemens 02 system

This will improve combustion efficiency to 94.1%, a

of about $32,000.

RCG/Hagler, Bailly, Inc.

June, 1991



FOTAYV - District Heatlng Works of Budapest Date of test: 22 April 1991 RCG/Hagler, Ballly, Inc. Boiler #2
Combusiion Calculatk ~ Molal Basie Time of test: 1230 FOTAV - District Hecting Works of Budapest (North East) - UUPALOTA Fusl K090 nm3/hr

Fuel, 02, and Air per Unit of Fue! Flue Qas Composition, Moles par Fuel Unit INPUT TABLE - FUEL AND CONDITIONS

| i
-- | | LINE Natural Gas, Budapest
Line Fuel PerFual Mol Wt MolesFuel 02 02 Moles | COo2 - SO 02 N2 H20 co ] & Fuelanalysls as fired (AF), % by wt or vol
Constit Unit, ib Divisor Constit Multiplr  TheoRequ | | C= 70.0% CO= 0.0%
—_— — [} H2= 23.0%
1 C 15 C02 70.00 12.00 5.83 1.00 5.83 1 5.83 I Sa 0.0%
2 CwCo 0.00 12.00 0.00 0.50 0.00 ] 0.00 ] b O2a 1.055
3 CD1Co2 0.00 28.00 0.00 .50 0.00 | 0.00 ] N2= 8.0%
4 Cunburnd 0.00 12.00 0.00 0.00 0.00 i i H20= 0.0%
E H2 23.00 200 11.50 0.50 5.75 i 11.60 1 Ash 0.0%
é § 0.00 32.00 0.00 1.00 0.00 f 0.co ! TOTAL=- 100.00%
7 O2deduct -1.00 32.00 -0.03 1.60 -0.03 | H Flue gas analysis by test
8 N2 8.00 28.00 o1 0.00 | 0.21 1 CO2« 10.1%
9 CoO2 44.00 0.00 0.00 | 0.00 ] c CCw 0 PPM, = 0.000%
10 H20 0.00 18.00 0.00 0.00 [} 0.00 ] 02= 1%
11 Ash 0.c0 0.00 0.00 | 1 d  7Total alr (TA), based on above CO2 test
12 Sum 100.00 17.52 11.65 f H TA= 116%
| | e Lines f,g,h for gasecus fuels only
Total air = 116.0% (from stack test) | | f WA, tuel unit+ sum (moles sach * ol wi), ib
13 02 (theo) reqd = OZ2, line 12 11.55 I | 9 Mol wioffue! +line /100
14 02 (excess) = (Total al -1) * ilno 12 1.86 | | h  Density of fusi = line g/age {iblcutt)
16 02 (total) supplied = lines 13+14 13.40 | 1.85 i I Higher heat value, fuei 12197 , Btu/lb = 22000
Total Air (TA) = line 18/line 13 116.0% | | ] %Cin refuse
16 N2 supplied = 3.78°02,line 16 50.38 ] 50.39 | k Combustiblas unburned, % of fuel 0.00%
17 Air (dry) supplied = O2+N2 83.79 i i | Stack temp, degrees C a 143
18 H20in &ir » moles dry air “Al(B-A) 1.36 ! 1.36 m  Ambient temp, dry bulb, degrees C 12
19 Air (wet) supplied = lines 17+18 85.14 ]
Wot Flue Qas Dry Flue Qas
20  Flue gas constituents = lines 110 18, total 5.83 1.88 60.63 12.86 0.00 «==u>  Total Moles 71133781 68.201519
21 Note: for alr at 80F and 60%RH, A/{B-A)=0.0212 Is used as a standard
Conversion 1o metric units
DETERMINATION OF FLUE GAS AND COMBUSTIBLE LOSSES IN BTU PER FUEL UNIT (AS FIRED} Bty kcal  kJoules
22 Fuel unit 100.0¢ ib rlue gas constltuents; C0O2 + SO 02 N2 H20 co Total total total
23 MCp, Molal specific hsat, mean, 12 to t1 9.81 8.14 7.7 7.08 7.08
24 In dry flue gas, moles each, line 20°MCp*(12-t1) 13500 3550 8559, 0.00 102641 25866 108287
25 In H2Oin alr, moles H20, line 18°MCp*(12-t1) 2251 2251 587 2374
26  In sens heat, H2O in fus!, moles, lines {5+10)*MCp*(12-11) 19139 19139 ~823 20191
27 In latent heat, H2O in fuel, moles, lines (5+10)*1040°18 216280 215280 54251 227120
28 Totalin wet flue gas 339313 85508 357973
28  Due to carbon in reluse, line k* 14,100 0 [} 0
30 Due to unburned CO In flue gas; moles C to CO* 12°9755 [} [} 0
31 Total fiue gas losses + unburned combustible = lines 28429430 339011 85508 357973
32  Higher heat value (HHV) of fue! unit= 100 * line I for solid & liquid tuels 2200000 554400 2321000
=394 * line | * 100 for gaseous fusls
33 Stack and combustible loss, % of heat input, 100*line 31/line 32 15.4% 15.4% 15.4%
34 Combustion eificiency, HHV, % of heat input 100-line 33 084.6% £4.6% 84.6%
35 Combustion eificiency, LHV basis (ine 27 taker: out from heat value and losses) 93.8% 93.8% 93.8%
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V. SHORT-TERM RECOMMENDATION: IMPLEMENT DEMAND-SIDE MANAGEMENT
PROGRAM FOR ENERGY EFFICIENCY INPROVEMENT

1. STATEMENT OF RECOMMENDATION

FOTAV should implement a demand-side m2nagement 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 cn 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
with 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 dooued 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 tc limit energy consumption

L 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 haes 50-200 flats) is
already installed; a method of metering for the
allocation of this consumption to the individual flats
is required

L control equipment - control devices are needed on

heating systems. Manual valves can shut off radiators
but 2-way thermostatic valves cost oniy slightly more
and offer automatic energy savings

. Load reduction - there appear to be cost-effective
cpportunities to redu-e 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 macde :

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 ccst 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 estimatrs the total energy
conservation potential as 30%, a. 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 consumption 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
investments (insulation, weatherstripping, window
treatments) can reduce energy consumption by 10%.
Benefit = Ft 350 million per year ($5 million).

3.2 For spartments 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).

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).

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

Year
Year
Year
Year
Yesar

1 (91/92) = $0.5 million
2 (92/93) = $1.0 million
3 (93/94) = $2.0 million
4 (94/95) = $2.0 million
5 (96/97) = $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.

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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5.

3.

Implementation of cost-effective load reduction
programs would cost $200 per customer. Total cost ror
190,000 customers = $38 million.

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.

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.

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

FINANCIAL AND ECONOMIC ANALYSIS

Detailed discounted cashflow economic and financial analysis is
shown in the tables cn the foilowing 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.
USSM USSM/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 10 1.3 7.6
PROGRAM FIXED COSTS 7
TOTAL 108 20.3 5.3

RCG/Hagler, Bailly, Inc. June, 1991



U.S.A.1.D. Emergency Energy Prograra for Hungary
FOTAV: District Heating Works of Budapaest

RCG/Hagler, Bailly, Inc.

Financial & Economic analysis

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

200 m3 apartment volume

$50.00 for each vaive
$50.00 for each heat allocation meter (electronic)
35% savings for monthly readable meter
$10.00 for each heat allocation meter (fluid)
25% savings for annually readable meter
72 Ft=US$1.00
10% savings for potable hot water consumplion 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

10800
10800
5000
12000
38600
600 600 600 660 600 600 600 600
104 Ft/m3/yr, based on tariff for 91/92 heating season

14¢ Ft/m3/yr, based on study using 90/91 border prices for gas (by FOTAV)

Cos: of supply (hot water, based on FOTAV estimate of 1/3 of total energy)

Fin Taritf
Econ cost
Energy savings
Financial
Economic
Net benefits
Financial
Economic

10000 Ft/yr
14000 Ft/yr
35% heat, 10% hot water
8280 8280 8280 8280 8280 8280 8280 8280
11200 11200 11200 11200 11200 11200 11200 11200
-38600 7680 7680 7680 7680 7680 7680 7680 7680
-38600 10600 10600 10600 10600 10600 10600 10600 10600

Project evaluation criteria

rinancial
Economic

5.03 years payback period
24.4% economic Internal rate of return, 10 year planning horizon

9 10

600 600
8280 8280
11200 11200
7680 7680
10600 10600



U.S.A.L.D. Emergency Eneigy Pragram for Hungary
FOTAV: District Heating Works of Budapest
RCG/Hagler, Balilly, Inc.
Financial & Economic analysis
22-May-91
For 1-pipe systems: 200 ma3 apartment volume
Assumptions:
$50.00 for each vaive
$50.00 for each heat allocation meter (electronic)
35% savings for monthly readable meter
$10.00 for each heat allocation meter (fluid)
25% savings ‘or annually readable meter
72 Ft=US$1.00
10% savings for potable hot water consumption meter
Case 2 - fluid heat allocation metering

600

6200
8400

5600
7800

600

6200
8400

5600
7800

Year 0 i 2 3 4 5 6 7 8
Instaliation cost

Vaives 10800

Heat Meters 2160

Water meters 5000

Installation 12000

Total 29960
O&M cost 600 600 600 600 600 600 600 600
Cost of supply (heat)

Fin Tariff 104 FUm3lyr, based on tariff for 91/92 heating season

Econ cost 140 FUm3/yr, based on study using 90/91 border prices for gas (by FOTAV)
Cost of supply (hot water, based on FOTAV estimate of 1/3 of total energy)

Fin Tariff 10000 Fuyr

Econ cost 14000 Fuyr
Energy savings 25% heat, 10% hot water

Financial 6200 6200 6200 6200 6200 6200 6200 6200

Economic 8400 8400 8400 B400 8400 8400 8400 8400
Net benelits

Financial -29960 5600 5600 5600 5600 5606 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
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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, 1Inc. June, 1991
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VI. LONG-TERM RECOMMENTATION: INSTALL COGENERATION SYSTEMS TC
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. 1In this way, electric power can be
generated without additional fuel consumption, providing a higher
"Secoad 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 1st generation gas
turbines). These turbines have lower exhaust temperatures (375QC)
and are not favored for combined cycle powerplants which must
generate steam from the waste heat, bat 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. 1In 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:
Typical summer day:

5,000 GJ/day
1,000 GJ/day

the resulting electrical cutput 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:
Electric generation:
Heating season:
Seasonal generation:
Energy benefits:
Economic benefit:
Financial benefit:

4. IMPLEMENTATION COSTS

4,000 GJ/day
400 MWh/day

180 days/year
72,000 MWh/yr

$3.96 million/yr
$2.95 million/yr

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 0O&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.L.D. Emergency Energy Program for Hungary
FOTAV: District Heating Works of Budapest

RCQ/Hagler, Ballly, inc.

Recommendation - Install Cogsneration Syster
Flnancial & Economlc analysis

05-Jun-91

For Installation of gas turbine and waste heat bollar

Assumptions:

$450 per kilowatt for gas turbine (FOREIQN)
$270 por kliowalt for waste heat boiler and Instattation (LOCAL)
0.80 standerd conversion {actor on loca! costs
3.00 years construction perlod
10.0% dlscount rate
25.0 MW plant capacity
72,000 MWh annual electric ganeration

$0.055 per kilowatt-hour econemic benetlit
$0.005 per kilowatt-hour O&AM cost

Economic costa and benelits, expressed in 1991 USS 000

Your [+] 1 2 3 4 5 6 7 .} 9 10 1 12 13 14 15 16 17 18 19 20 21
COSTS

[T "

Engineering 1,800

Construction 4,095 11,655

Operations & Mal 380 360 360 360 360 360 380 380 360 360 360 380 380 350 360 360 380 380 380
BENEFITS

—rwsseens

Elactricity sales 3,060 3,960 3,960 3,960 3,960 3,960 3,960 3,860 3,960 3,960 3,960 3,960 3,960 3,960 3960 3,960 3,860 3,060 3,960
NET BENEFITS (1,800) (4,995) (11,655) 3,600 3,600 3,600 3600 3600 3,600 3,600 3,600 3,600 3.600 3,600 3,600 3,600 3,600 3,6L1 3,600 3,600 3,600 3,600
NPV 9,508

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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Gas cost, monthly (190t prices?
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Statlon output /input, J/GJ

FOTAV Eszak-pesti 1989-9]

Statlon efficiency, monthly avg :
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Statfon output/input, GJ/Gy

FOTAV Eszek-pesti 1989-9]

Statlon efticlency, annual avg
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UJPALOTA 1989-9]
Gés consumption, monthly
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- UJPALOTA 1989-9]

Gas cost, monthly (1801 prices)
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UJPALOTA 1989-91

Specific heat delivered, monthiy avg
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UJPALOTA 1989-91

Station efficiency, sonthly avg
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FUREDI 1989-91
Gas cost, monthly (1901 prices) .
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FUREDI 1989-9]

' Heat deiivered, monthly
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FUREDI! 1989-91
Specific heat deiivered, monthly avg
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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, Nortn-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

FOTAYV ESZAK-PESTI

District Heating Works of Budapest, North-East Section
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27 April 179

M-, imre Szkhiller

C-igf Engireer “or Develaopment
Cimtrict Hmating warks sf Budansst
H-tll& Budepest

Yalotasz@Q v. <l

Dear v, Schillers

Tre purpose uf this lecter is to exgress support o¢ the U.3.
JQeency o intermational Cevelcoment @ (U,4,A,[.0,) Emnargency
Ene-3y FProgram for vour sevelsgmeat =t the Buiiging Heating
sygten “etrcfit Pregram.

Followi~g the meeting ot Aoril Z2e, 1991 wit® vou and Mr. Farkas.
! wish ¢ express the J.5.,A, 1. intentach to firance the
guirchaze Of equioment Tar one building in the Building Heating
cvestem Retrcfit Frogram &% gescrited in the attached draft
gocumant precared 3% 8 rgsult Of %re memtirga.

Puremase cf the soulprent muet meet he y.g.8.1.0. aracuremant
~egulations and the apporoval by the U.8.M.7.0. =zenzract wstice
ir wasbingtcn 2.C. It is mv @ pectation that toe purchase of
ere U.5. ar Hupgarian gaulipment giscupsed. will maet the
Uu.8.A,1.0. grocLroment repuirements.

The discCuesions indlcated trae importance alse of the
ipptitutiomal jssues 1N success af ¢t @ Program. Te nave the
pest :harce of suczess. it ig understeod that the foliowing will
ne gome oy the Dist-ic: Hesting Wo-vs ot Sucepess: () Get the
r2l)] cooperation of tre ~ocperatives, (2) design and amplement

a m@atirg wariff that Qives residents an ircentive to Ssava

ene~gy. (3} develeo mapthly =illing that gives r @s:0ONTS
irformation cn how they saved. (4) cromote energy srficiency
anong the resicents and (S) monitor results gystematicall,. it

is 3180 umderstoed thrt (e Uigtrice Heating wWorks of Budanast
ALii *ung the desizr and cmgtaliatacn aoels,

RCGHanlwer, Bedlly will work to purchese 1Ne gauismant 1o
cecoparation with vour orgsnization and €.G6.15, They will alsc
grovide Or @ limited Dasly techn.cal advice or reaview on the
retrcTit design and ancantive tari?f desigr.

we 0Cck ‘orward to he coportunity of working toqgethar te make
tris smportant greject ssccensful.

Sincerely voure.

Mobert Archer
p-giect Officer
UISOA'IIDI

Attached: draft report =f rha meetings of rpri! 26. 199

(1)
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(2} The data sheet of the apartment house:

Aderasas of mother tuilding: Budapest, 1158
Frankovics utca 19-23
Building Ne10

(presently the heating center is

oituated here)

Address ¢f daughte: building: Budapest,1158

Frankovics uteca 13, 15,17

¢oe3

(a separate heating center is to

be implemented here to compard
the heat consumption of the two

buildingas)
Object N° 49-4-7070-7071

Number of apartments: 2 x 190 = 380

Energy consumptinn for space heating: 1 Y13 kW
Energy consumption for hot water Ben.: 280 kW
Sum total: 2 193 kW

Monthly data:

Heated aspace of: Lumpsum Pee
rosideneial fasiliwies EO 091 2 .. 10.90 - 519000

- common rooms 5483 m® x 68.30 = 3434
ssmmanly used apacsy D 004 w2 1 0.90 - 22434

Hot watar consumpticn 3 440 o3 x 31.50 = 108360

Monthly heating fee during heating season

{16th of Ootober till 15th of April) 853318

Monthly hot water fee (from 15th of April

till 15th of October) 108360

?otal yearly fwe for FOTAV 4570058

Fi
Ft
rL

Fe

Fe

Ft
Ft
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Breakdown of heat consumption (heating and hot water) based on
actual measurements:

MONTH CONSUMPTION (QJ)
January 3394
Fabruary 1993
March 1101
April 1897
May 910
June 491
July 3383
Auguat 579
Septamnber 432
Octobar 1108
November 1885
Dacember 2603
Total 17248

Fee paid doocrding to lumpsum contract 4 370 086.00 B¢
Fee which would have been raid based

on measurement 4 173 832.00 Ft
Characterimstics of the bulldings:

One pipe heating aystam with upper distribution.

Design heat demand 1 878 000 koal/h

Design water flow 24 n3/h

Automatio vents with collected vent lines

570 peca "RADAL" typ. (aluminum) radiator
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ACTION
1. PLANT IDENTIFICATLON

FOTAY: District WHeatimg Works ot Bugapest

2, STATEMENT OF RECUMMENDATION

Re+rafit Hesting Systems in Drigtict Heateg Adarth@nts

3. DESCRIPTION/RATIONALE
3.1 Existing conditions

FGTAV provioes heat to 240,000 numes, 5 000 municipal cuatorers
228 436 imdustrisl customers., with a peak loac of 2,600 MW
(oharmal il 5¢ the n=at Aucplimd. Z/3 L8 purchasa2g from MVAT
feogeng@ration fTrom backpressure turoines) and L/7 is Qenerated
‘n “me compary S 19 Doiler plants (each nRae 3 or & boilers).
T4e nAricarv water 8 sugpliee at up to 186C, tre tarperature
heing Twcodulated by ampiert comgditions. Tha gecondary lOCG
installes in the builaings. each mupplying 30 =230 homes, warks
OR sLapiy temgerature oT up o F3C . Trore (s NO atorage In

@Lther loo0c. Far 1990, FOTAYV ned anerqy cogsty 2f Ft /.000
n1'lion for nest (from mvetT o and Yer natural gas) sna Ft 20Q
miilion for eiectricity from MUMT . The coagt of tne heat

zuppliwd 18 Ft 140 per cublic meter o’ living space per vear,
~hereas the 1999/9L neat tarift was oniy Ft al,2, The pr.ce
will bs imcreased to Ft 104 effective 1 June 1991, The basis
ia- the subsidy is that there are aiftarent gas crices for
inmustrial (Ft 12 per cubic meter) and residential (¥t % per m3)
gas customers, and FOTAV buys gas at the industrial rate,

Over tha past 1% vears, FOTAY has rad ar Srgamized program to
imorove afficiency, 8o ags to reguce the aubsidy to a ninimum.
thev fi-~st raduced ire target interior speace tenperature from
3@ to 21C, ard nore recantly have beer inatalling cantro.
gooLpm@nt £33 imorove compugtion atficiency Im pciier olants,
ar3 reva azhieoved imtceovamenta =f% apout . Thev have ireroved
che inwllation of distribution syatens {ever Gui.ding A
ranafacturing alant to make styrofcem nige Lreulation) and have
irataliod systems to keep insulation arv.

Simey 1982, they have had an CPRGoing prcQram to instell enargr
mekers in substations. and exgect to begin LElng theze moters
for milling surposes beQinting with the 1992/93 neatinn &@a80nN,
.t arn ezpropriate tariff can be worked Qut.

"na =gy 3INerdy conssrvaticn sction is now on the demand aide.
Fotent.al savimage of 15-:23% are available throcugn conversien ef

@xiatang mvetems to meteranle anc cantrollable syvatemwn. SOMe
20% (92,000) ©of the customers have the uncoOntrollable 1-pipe
sygam.
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FoTaV - BUILDING HEATING SYSTEM RETROEIT PROGRAM
S.2 Recommendation

carr. cu~ & demonst-ation oroject Lo show tre eflect of
~onve-ting & l=-pnipe sysigm 10 2 controllable and metarabie
3v2LE@M, Inetall tnermoetas vaiwvias ard meters on radiators.

3.3 Application

FC it nes identi*ied two aparwmert fuiilcings nyo-ed-up to the
giscrics mgatirQ svster throuch a substatio” ®ouiced with a
reter. Cack aparttent puilcing is menaged vb & gitfrerenc
recgerative. “her(/are. FOTAY Intends te install separate heat
recgrs, one per apartment builcing.

Spgcification of o-e acartments buildings

reated volume L/ m2/bld 279800

apartmencs ber bulloirgs " 190

average volume cer apert. n3 149

5TOries " il

rogrs p@r epartment h 2 X T
apartments per level " 6 8 4
acartment on the ground level # 4 2 ]
reatec vclume per aLarument -3 115 160 1&0
~aCdiatc s pEr aparttmant e 2 z 4
type of radiator diuminium

rPOT water taps per apartment “ r i “

rocze L: this volume coesn’t include hoatmd cOmmcn space whichH
are not charged tQ residents.

4, BENEFITS
4.1 Benatit to the district heating company

Bprefit to L=e dist-ict ~eating company depands an the billing
~etmodi

2 In the case of a tixed pr.ca Jer mS of jiving snace, =he
“igtrict heating will get a recuction of operacirg cost with no
»aductior of billed revenug.

o {n the case of a price s3tructurw with a prasorticnal
comoonent ser GJ of neat, the dizt-ict heating company will
exmeriprce & reaguction of both operatimg cost (fuel Qas, and
milipd revenue. If the marginal price pear GJ ch neat is lower
than tnm marginal cost par GJ. the districe hesting compary will
heve ar increpse Of ite net earnings, The structure of the
bimomial price furction is esxpectan to be 40% comatant (Jdemrand
charge), &0% variatle (per GJ price) 80 that the tarit? apolied
ro am urcomtrollable one-pice building vields the same cnarol as
the axisting cYgulsted lums=sum tari+f per =3,

4.2 Beretit to the customer
o In the ~ase Oof & fixed price per M3 Cf living Soaze. the

customar doasn t receive &ny financlai pene’it., HCcwavar., Re
i1l mmmafs b frem an increased comfort as 3 conpequence of the
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FUTAV — BUILDING HEATING SYSTEM RETROF1T PROGRAM 3

imarovec tachnology (trermcstatic automatic cemtrsl;., The bill
wil! =mave on.y one L1iemi cnarge oes mt « voluna of the
anartmEN T,

= 1m the case ¢ a tariff with 3 oroporiioral ccmponent per GJ
a-= o irdivicdual meter, a.l ~pgigente cf tha cui.ding will
aguall, ~erefit finarcraliy from e veductzon of hest
—erpamption, Savings mignt pe incrEasEc o, a moditicezion oF
congume~ attiTace of resigoents, Tr2 DLl will arew 4 1iPTS!
{1) tmzal zomt of reat basea on £hE lums=sunm TtarifY aer ml,. ‘e
caguztine =f neatiio nill Lases =n the apoiscatien of uinonial
teraf* ks the building and alimcated ny eaiderts o 2 m3 bagis.

= lm L@ case >f & taryff with & orocportional ccmoonent par Gd
and  irgivridual maters, eacn rg@siderns will bpenefit from a
re=.- .an of heat consurphion arcoraging tO niz individual level
8¢ e- =rt, Individual interest mav genarate aagitional savinis
py 1afluercing £ha CconBUTEr attitude of resioents. “me bill
will Grow 3 ltems: (Li Yowal cost of hgat basac or the lamp=
gum taritf pe~ W3, (2% reduction c* heating b1l besec OF the
apolicatior of biromial tarift to the Building ang alloccatec to
r@siogrts cn a mi baeiz. (7] ingividual energy =onse-vation
charge which can bz positive or ~@gative cepending 9N tow Tevel
nf ertort of the residanz ccmpared to the averaQe in the
puilding.

4.3 Enerqgy Savings per dwelling

SarzertiQk savings on heati~g I0%

Dprecenctage savipgs cr not waler pels

Cpreentaqs reguction o 2edw semand 80%

Dwe'limg volume 14% 03

Current Heac corsumptlon 4% 3J/dwallirgsyr
Peak demanc % W

fygt-ict heating cogt rrduction
=24 2f natural £as

cer OJ Fe 2&4°GJ
demand cnarqe Fe 1O0Y kWL 2ar
combus*ion egtficiency Of bsilers T Y
arnuai savings Ft &.5.0
ot wricm GJ chargqe Fv. 5,874
derand charge 1/ Fe 2,736
arnua’. Q&M coet Ft 700
anmua . cost reauction Te 5,910

Reacident raductisn oY crarge

annual charge Te 1(44/m3/ vr
of whicn soace heating Ft 104/m3/;r
domestic hot water e 40/m3rvr
breavdown gf demand cher-ce & Go charge 40% / H0%
marpinal crice ocer GJ of heat Fe 278
annual savingr Fe. 3.738

Jiktric: -~gatirQ iNc-gase of @arnings =/ Ft 2,192
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note Ji assuming that the ags ueility campany is willing to
red.ce tre demand chirge According to the actual demand
reduction,

note 2: this incresse of ®arnings is nCs< likely a redu=tion of
operation losses, which will trans.ate autcmat:caliv into
redu-tion of Qmvernment subsigy of the same amcunt,

4.4 Energy savings for one building

Meat congumption redusticn at tuilding ievel Z,%96% BJ

Nasural Qgas savings 2,788 GJ
equivalient to &6 tae
Hatural gas demand reduction B81é kW
Natural gas coot reduction 1,230,000 Ft
inzreasseo mnaintenance <ot L13ITL00 Ft
Met carnings increase Led2I QN0 FE

anmusi: gas savings
at im.ernatioral price (& LS9 20/bal) USS 9,300

9. IMPLEMENTATION LosT
.1 Average cost per dwelling

Egeimacted feor a dwaliing - | Dipe syatem

Thermoatatic rediator vaives (J ® FE3,000) g.000
Radiatar mete-s (3 @ Ft90C? 2,700
Hot water metamrs (2 @ Fol0O00) 4,000
Evcass ang instellation costt
(I+2)devices = 2 hours/device x Fedon 4,000
supply and accesaories 2,006
TOTAL COST 21,700

%,2 Total cost for one building
—cet in of whigh
QUCF L Jo%
Thermostaticz raciatcr valves (604 @ Fe3, 000 1,812 26,900

FRadiator meterg (504 @ FL300) 544 7,80C
Hot wat@r meters (380 & FL2000) 760 1¢.800
subtotsa: eguipment 3,116 44 ,50C
shipment (@ 1O%) Il 4,660
lagtallation cost 17/
laper ' 790
suD2lies and acteszoriza B0
Tesal 1/ 4,600 49.Q000
cortirgencies (@ 2% 230 2,450
GRANC TOTAL 4,830 81,900

mote 11 dg mot include procuremert emgd installation ©of a naw
pump or booster ?‘or the space hreating hot water [OOR

8.6
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FOTAY — BUILDING MEATING SYSTEM RETROF I T PROGRAM
6. FINANCIAL AND ECONOMIL ANALYGIS

4.5 Finpancial analysis

"ora: zost Ft 4,830,900
et annus!l savirQs Fe 1,422,000
Pa.hack &.3 vQarsg
trrm@-mal rate of return 22%

Fanancial hypothesis

Duraticn =f *inanziéi sra.rsis 10 vaars
Ligoount rate L8 %
sensitivity analysise

T Tl Yab X~} worst aveQ tcest
~e~centage savinge % 20 2 40
archability % 18 &0 23
Pavpack y@ar &.% 4.2 3.2

a.2 Economic analysis

4.3 Hard currency balance

Towal zo8% uas 21,500
Armual VIR uss  ¥,300
bl T2-1 -4 9.3 yaars

sgnpitivity analysis

gcensric wo-st avg Ewet
nterratioma. grice af engrly UBS/ol 30 2Q A
grogavility A 20 Ea- ]
Payback vaar .7 9.9 a.2

7. SCHEDUW E
7.1 sritical peath schedule
Task 1 ~ completion date: May 3

“Bl identifles UY valves mamutactur®rs, collects catelogues and
Lrochures and ships them to Hungary tnrough EG!I for FOTAY
re /18w,

Task 2 - completion date: May 10

FOTAY wstablishes & list of aqualified UsS and rungarian
namufacturers ano selocted lines of p-reducts bDasea or
catelogues.

FOTAvY reviews and commenrts scecafications of scuipment p~spa~ec
b'/ HBL!

P.?

) %\ |
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Tagk 3 - complelion date: May 24

HBI colleszte  auotation, basic performances of pPropasen
gauipgme~t, 3amcle of propossq ecu:orent from US manufaciure”s
and hae L: sh.ppad to Hungary oy 2:0re@sSB mail.

ZTAY =5llachté guokmtian. bHasi:z serdcraances of eouicmeny “roam
Hamgarianm manLtacturers,

Teak 4 - completion vate: May 27

SO%AY makes 3an evaiJsation of procdsails saged on price, ~roduct
nerferrarce, Grodustt Qua.izy, celiverv time, availaniiity ot

faintemance aupport Ln Eurcoe and otaer criteris.

ENTRY esceblisnes A3 fTiral specification ot acuipmEnt Desed an
s@zhnical characteristics 27 products arg irgoection of sanple,

Task 9 - ccmpleticon date: May 30

USAID quLvms clearance Tor equioment precuremant based on +BI
tirarcial ang escaormomic study and evaluation of auntation,

Tazk & - completion date: June L
HE1 z@rds purcrase orders for equlpmsnt
Frask 7 - cumpietion datet June 19

Firgr erianent of equipme~t ar~ived Ln Hungery. installation
worv.a starts,

fask B ~ completion date: July L

Last zRipmert of gauiome~t arrivas irn Hungary.
Task @ - completion date: August 30

E=g of irezallatrior works,

Task 10 - completion date: September ©

Frg of hSrdravlic te@eis,

Task 11 - completion date: September (3

Beginninmng of heating smasdn,

7.2 Other tasks to be completed
7.2.1 Taskms to be completed by FOTAV
3 qet the fuil cooperation of the cooperative

© cestyr and implemant a heating taritf that giLves residents
an (necentive to seve energy

N

/
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= mArcmote energy @friziency among tme rasicents
c Morito- results sveteomatically

o fung the dcewigr and inssallation <0o8ts

7.2.2 Tasks to be completed by RC3/Haaler ,Bailly and ESI

s minim.ze technical risks by reviewing erqgingering design made
by the -eatirg Comaany

c review tre irzent.ve caryff desigr

o idertity US ecuipment sucp.iers who woulno nNave gunsidiary or
li-ensee 1A Eurcpe to Mainteir srocured sguipment

8., TECHNICAL RISK AND REFERENCE

8.1 Legal barriers
e Irgtallatiom works in Qcooudiadq ara-tments

tn adaition c? cossible nulissnces, Jdamages, anc riskg of
roboery, thare is &N ec=ess proolen ts the apartment tC certaornm
installation werks.

s Imeartiality of heat metering metncd

Heat meters provide at test a gooad gstimate of heat used in &
dwallings., There is nO doubt that thie esticece is auch betier
and mauitable then the ailccation 27 h#at use of @ m3 basis.
mowaver, it requires & fairly gofisticated deta processing to
ingure & relative impartiality of resuits, In mno way. this
retering orocess (hardware and sottware) C&n provide sm azcurate
nessureme-® of t-a auantaty of heat utec Dy & zustemer. To
eveld an, contestatis-, this m2te-ing oroccAss F.%t 2@ ro. iowed
and agreed oy an independant asent andsor the coommrativa,

In any case a procedura of "most defavouriieg” cumtomer srould
re consider to examine vlaintz or e treme Bil.s (€.g. custome-
Who ey the more and customer who D8y the less 4R =“Ne builcing).
8.2 Puwychological barriers

it 18 cClear that this "pay ~tor=what-/70u"us®" way of Diliing heat
ransumMption muat be insradused corefully, step by stec. and nuet
cooe wWitn the ususl irrational (as in any ccumtry) attitude of
CJBLONB” S .

8.3 Adverve offacts - nuisances

o (ncreasved noise in val.ee

Specitication of tha three Wiy valves nust adoress tihat issue

B.9

Y
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8.4 Pearverse sffects

Tre =% tac weter meters night dpRIaAC A 3 luxury &t Tirst
granht, However, 1Y mot istaliec. there is the rL8k “RAt
residerts will find that haat allocatior method can be crheadted
By uBinmg "Cct tap water t3 neat the acartment 1-stwad of
réc:ators.e.

9. BPECIFICATION OF EGUIFMENT

P.12
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9.1 THERMOSTATIC RADLATOR vaLVES - ONE PIPE BYBTEM

*vag ot salve T way valves
sirculating fluig hot water
Tmka: number ot valves oer auileing a6

Temperature® and prexsure ratings

Maxr imum tRIND@rature *C Q<

Noraal (pmoerature ' 5G to 6u °*C
MaiitLn Sresgura o6 L0

Narmel Drassure bg b

Maxirum differentlal Cressure Wi Q.5
capacities

jdentificetion AL (A AT
masximun tlow m3/h 1 c.8 N.3
maximuT prassu-® grec M W 0,3 .3 0.3
nGreEnt Ct valves “ Lo 7% 14
connections

inlet port intermally trreaced
by -oa8s port internally threaded
cutlet ours (to ragiator: externslly threaded
dimensions

rdentitication

size of valve to be defined, cam D@

agitferent of pipe s=ilze

thermostatic control

control g@l? contained

nenscr. setooirt dial,

vatve acsuatoar in on@ unit mounted an
valve pady

eetpoinmt dial tmlectabie limit stoos

range g - z8°C

ssnatruction vandal resiszant

nounting anformation

1ngoming oLlpe mErizontal

cutguing P1pPe her.zortai. same sicde of
radiater

scBrtion of centro!l vyerticsm!

.ucatior ot radiatdr yndar window

ne oige cutting. mo wolding, radiator chall be movea along
wall by =me¢ length of the valve {expectad LC cml.

refarence standart

ASHROE

t e
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9.3 HEAT METERS

techno.ogy1 evaporstive tube or electronic cigital
functicn: cost aliocatisn 27 ssaze reating

nurcer Of hoet meterss 404

description:

QCOANOMICS ¢

meximun equicment price USe S ter
naxiMum Hdaczi Crocessing/meinteranca price UsSs/item/vear

9.4 HOT TAP WATER FLOW METERS

number o7 meters 2 % 15Q - 380

P.t2
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