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Measurement and Venficatron Plan----
Measurement and Verification Plan

1 Background

A Javorszky Odon Varosl Korhaz Vac (hereinafter the Hospital) participates In an
energy efficiency demonstration project In partnership with Electrotek Concepts, Inc
and Its subcontractor EGI Contractlng-Englneerrng Co Ltd (hereinafter EGI) This
work IS being funded by the United States Agency for International Development
(USAID) under contract DHR-C-OO-9S-Q0064-00 The objective of this project IS to
demonstrate practical energy and cost saving Interventions and the methodology of
Implementing them

In accordance With the workplan of the project and the agreement between the
Hospital and Electrotek the results of the Interventions Implemented need to be
evaluated and a portion of the savings achieved shall be used by the hospital to
Improve ItS quality of service The purpose of the current measurement and
Verification plan IS to estabhsh the methodology of Identifying the savings and their
expected value for the IndiVidual proJectsllnterventJons

2 The methodology of Identifying savmgs for the IndiVidual
projects

2 1 Replacement of feedwater pumps In the HOK bOiler house

2 1.1 Baselme situation

Currently there are two DIGEP FT-50/65-VlI type feed water pumps ,"stalled In the
bOIler house Each of the pumps IS suffiCient to supply both HOK 7/12 type (7 Uh
steam output max 12 bar pressure) The characteristic curve (head meters as a
function of flow, lIter/sec) based on manufacturer s catalogue data IS given In the
follOWing chart The three typical efficiency values Indicated In the catalogue IS
marked In the curve According to manufacturer's data the recommended lowest flow
of the pumps IS 2 liter/sec I e 7 2 tlh The pumps are 22 years old

FT 50/65 VII
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Measurement and Venflcatlon Plan--------
The electricity consumption of one pump was measured by a DRANETZ 8000 type
power analyzer dUring the project At 100 % load the power demand of the pump was
found 175 kW The efficiency of the electnc motor IS 85% according to Its data sheet

The power demand of the pump IS calculated With the following formula

P [kW] = 27 8 • bP [head, bar] • V [flow tJh]/11 pump T1 motor

The charactenstlc curve gives 18 kW power demand, therefore Jt IS verified that the
curve can be used as a baSIS calculating the savIngs

The operating pressure of the bOilers currently IS 10 bar The water level control IS of
Hannemann float type ItS pressure loss at 7 Uh IS 4 bar The operation conditions of
the bOilers are Significantly different In the winter and In the summer The main
parameters of these conditions and the consequently calculated load and energy
consumptIon data are summarized In the following table

2 1 2 Situation after the intervention

Thus the annual electricity consumption of the feedwater pumps In the baseline
situatIon IS 170 MWh

Instead of the currently used 2 pumps, 3 new pumps (one for each bOiler and one as
a reserve) will be Installed The type of the new pumps IS Grundf05 CR8-180 F, which
are characterrzed by the fOllowing parameters

9~96 L02 L 9£+

Summer Winter
on 1 2

4680 3966---
126-
2022 - -

25 3S
-

17,3 224--
81 89lon, MWh

-

Similarly to the baseline Situation the annual energy consumption IS calculated from
the worklflg hours and technical parameters The manufacturer's guaranteed data IS
used for the calculation but the actual power demand of the pumps will also be

The power demand of the electnc motors of the pumps IS 7 5 kW each their
effiCiency IS 88% Because the pumps are controlled by frequency converters which
keep the pressure of the feed water header at constant 12 bar, the effiCiency of the
pump will not be lower than 70% under any working conditions

V = 7 m"/h
H = 177 m
'l = 74%

Head, b~!:-.

Pumfl efficiency, %
Electric load, kW

In the course of the project the oversized feedwater pumps are replaced and due to
the wide load variations frequency converter speed control IS applied As deSCribed In
the following section the water level control IS also replaced With a much lower
pressure toss type

Annual electricity consum t

Number_~f bOilers In operatl
An~u.§ll ~peratlon hours, h
Feed water flow tlh
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Installation The following parameters are

EGI RT Energ1ahatek +36 1 201 9646 __

ch eked by the power analyzer after
ex ected after the intervention

07/08 198 10 27 NO 395 02/02

ummer Winter
1 2

4680 3966
6 12

12 12
72 72 --
32 6,3

15 - 25

s

130 MWh
9462 HUF/MWh
1230 thHUF

Calculation ofsavings

Ele tnclty savings (170-40)
Ave age electricity cost
Ann at savings

s the annual energy consumption of the pumps will be 40 MWh

ua! electricity consumption, MV.Jh

It /s oted that the average electricity cost quoted above Includes the supply capacity
cha ge as the contracted demand can be reduced according to the lower Installed
cap city

Automatic blowdown system and new level controls for the HOK boilers

Cons quently all the blowdown water which exceeds the mInimally necessary and Its
heat ontent can be considered a loss

Baselme sItuation

The actual savings must be calculated according to the above but with the actual
num er of hours of operation

The two HOK 7/12 bo/lers have manual blowdown at present and as /t was shown In
the rev/ous section the level controls are considerably undersized

In la k of continuous metenng It IS very difficult to estimate the quantity of blowdown
from he bOiler According to operators Instructions 3-5% bJowdown IS required In
199 a detailed investigation was carrred out In the water treatment plant of the boiler
hous when a temporary metering rig was set up to measure the bJowdown quantity
and I ngth of underwater blowdown penods As the results of the Investigation
sho d the quantrty of the blowdown was 3 9% where as the quality of the treated
wate and the requirements of the bOIler would have allowed 1 6% only Also the
lengt of underwater blowdown penods was found three times more than necessary

the techmcal condition of the steam distribution system and the steam traps
the h at content of the return condensate IS considerably higher than the deSIgned
value therefore the condensate flash steam covers all the heat demand In the bOiler
hous Therefore the heat generated by the blowdown flash tank and the blowdown
coole cannot be utilised In the bOIler house
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Measurement and Venficatlon Plan

2 2 2 SItuation after the interventIon

In the course of the project the bOilers will be equipped with automatic blowdown
system and an electronic device wIll replace the mechanical level control As a
consequence of the project the blowdown quantity can be reduced to 1 6"/D of the
generated steam as a function of water quality

2 2.3 CalculatJon ofsavmgs

Because neither before the intervention nor after It will a metenng Installed for the
blowdown the savings are calculated by accepting the above values as follows

Compare to the earlier established 3 9% blowdown rate the 1 6% after the
intervention realises 2 3% reduction In order to stay on the safe side the savings are
conservatively estimated at 2% as the actual current blowdown rate IS not known
The cost savings comes from two sources partly less make-up water (and water
treatment) IS necessary partly the fuel used for heating the make-up water IS saved

Annual steam production
Expected make-up savings (34000xO 02)
Heat content of water (10 bar saturated)
Plant effiCiency
Specific fuel savmgs
Annual heat savmgs
Annual fuel (gas) savmgs

34000 Uyear
680 m3/year
678 MJ/m3 /year

85 %
789 MJ/m3

542 GJ
16000 m3

L4i'I-7I-:.( 7 J
6th J:1nos 0

-f'~hgazgat6

'-4..t,~!t -,'
MH,lk LcjszI6

Uzemeltetes1 0 v

392 HUF/m3

784 HUF/GJ
691 thHUF/year

Va~. 1998 JdllU~ 03

Signed by Hospital

9796 1..02 I.. 9£+

'~~~

Istvan Kovacslcs
Head of Sectton

" .
Zoltan Lontay
Head of Department

06/30/1998 Budapest

3 Miscellaneous

Make-up water cost
Fuel cost
Total savings (350x680+542x700)

Both EGI and the Hospital agrees to the methodology deVised In the current plan for
the Identification of savings achieved by the Interventions Implemented In the
framework of the project and accepts the results given by the methods

The methodology descnbed In thIs plan can only be modified If a protocol on the
change IS countersigned by the Hospital and EGI
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Measurement and VerificatIOn Plan

Meresi es ellen6rzesl terv

1 Elozmenyek

A Javorszky Odon Varosl Korhaz Vac (tovabblakban Korhaz) az USA-bell Electrotek
Concepts Inc -nel es alvallalkozojaval Energlagazdalkodasl Reszvenytarsasaggal,
(tovabblakban EGI) egyuttmukodve reszt vesz egy energlahatekonysagl demonstra­
CIOS proJektben Ezt a munkat az Amerlkal Egyesult Allamok Nemzetk6z1 FeJleszteSI
H1vatala (USAID) a DHR-C-OO-95-00064-00 szerz6des alapjan finanszrrozza A
projekt celJa hogy megvalos,thato energla- es koltsegmegtakaritasl beavatkozasokat
es megvalosltasuk m6djat demonstralJa

A proJekt feladattervenek valamlnt a K6rhaz es Electrotek kOzott letrej6tt
megallapodasnak megfeleloen a megvalosltott beavatkozasok eredmenyet kl kell
ertekelnr es az elert megtakantasok egy reszet Korhaz tevekenysege mlnosegenek
Javltasara kell fordltanr Jelen meresl es ellenorzesl terv a megtakarftasok klmuta­
tasanak modJat as azok elvart merteket rogzltl, kulon-kulon az egyes beavatko­
zasokra

2 A megtakaritasok klszamitasanak m6dJa beavatkozasonkent

2 1 HOK kaz~nhazl tapszlvattyuk csereJe

2 1 1 Beavatkozas el6tt; al/apot

A kazanhazban 2 db DIGEP gyartmanyu, FT-50/65-VII tlpuSU tapszlvattyu uzemel A
sZlvattyuk egyenkent IS kepesek mlndket HOK 7/12 tlpUSU (7 tlh gozteljesltmeny.
max 12 bar goznyomas) tapvlzellatasara A sZlvattyuk JelleggorbeJet katalogusada­
tok alapJan a kovetkez6 dlagramon adjuk meg (emelomagassag meterben, szallltott
mennylseg IIterls) A gorbebe beJeloltuk a gepkonyvben megadott harom jellemzo
hatasfok erteket A gyan adatok szennt a 2 I/s, azaz 7 2 Uh mennylseg a sZlvattyu
tartosan Javasolhato legalacsonyabb szalJltott mennylsege A beepltett sZlvattyuk 22
evesek

FT 50/65 VII
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------ ___ Measurement and Venficatlon Plan

Az egylk uzemelo SZlvattyu VIII amos energla fogyasztasat DRANETZ8000 elektromos
telJesltmenyelemzovel mertuk A mereSI allapotban gyakorJatllag 100% telJesltme­
nyen mukodo sZlvattyu VIIIamos energla felvetele 17,5 kW volt A villamos motor
hatasfoka katalogus szennt 85%

A sZlvattyu felvett villamos telJesltmenyet a

P [kW] =27,8 • hP [ erne/om. bar] * V [ szallitott menny tlh]1 Tl SZIV 11 motor

keplettel szamoljuk kl

A jelleggorbe alapjan 18 kW vrllamos energla felvetel adodlk, Igy a Jelleggorbet elfo­
gadhatjuk a varhato megtakantasok klszamltasanak alapJaul

A kazanok Jelenleg 10 bar nyomason uzemelnek A vlzszlntszabalyozo
HANNEMANN uszogolyos tlpUSU, ame/ynek ellenallasa 7 tlh vlzmennylsegnel 4 bar
A kazanhaz uzemvltele es uzemldeje erosen eltero te/en es nyaron A kat eltero
uzemallapotra vonatkozo Jellemzoket es az azok alapJan a fentl modon szamolt
energiafogyasztasl adatokat az alabbl tablazat mutatJa

Igy a beavatkozas eloth eves villamos energla fogyasztas 170 MWh

2 1 2 A beavatkozas utam allapot

v == 7 m3 /h
H = 177 m
II ;;;;;; 74%

19?96 ~02 ~ 9£+

-Nyar Tel
1 2

4680 3966
6 12

22 20
25 35

W 17,3 224
tas, MWh 81 89 --

Az sZlvattyukhoz tartozo vlllanymotorok telJesltrnenye egyenkent 7,5 kW, hatasfoka
88%
Mlutan a sZlvattyu vezerlese frekvenclavaltoval tortemk, amelya tapvlZsln nyomasat
tartJa allando 12 bar nyomason a sZlvattyu hatasfoka semmllyen uzemallapotban
sem lesz 70%-nal alacsonyabb

A Jelenlegl ketto helyett 3 db sZlvattyut (kazanonkent 1-1 plusz 1 db tartalak)
alkalmazunk Az. Uj sZlvattyuk GRUNDFOS CR8-180 F tlpusuak melyek az alabbl
f6bb parameterekkel rendelkeznek

Uzemel6 kazanok szama
Eves uzemoraszam h
SzalJltott mennYI~eg tlh
Emelomagassag, bar _
SZlvatt u hatasfok, % _
Felvett VIIIamos telJesllmeny, k
Eves villamos energla fogyasz

A beavatkozas kereteben a tulmeretezett tapszlvattyukat lecserelJuk, a 5zeles
hatarok kozott valtozo terhelesl vlszonyok mlatt frekvenclavaltos szabalyozast
alkalmazunk, es amlnt azl a kovetkezo pontban reszletesen Jsmertetjuk, klsebb
allenallasu vlzszlntszabalyozo kerul beepltesre

90/90 29£ ON 22 £~ 96, lOllO
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- --- --- --- --- ----- Measurement and Venficatlon Plan

Az eves energlafogyasztast a beavatkozas alottl allapothoz hasonlo m6don az
uzemoraszambol uzeml adatokbol as a beepltett berendezesek adatalbol szamltJuk
A szamltashoz a gyartomu altai garantaft parameteraket hasznalJuk. de a
berendezesek beepltese utan az uJ sZlvattyuk telJ8s.tmenyfelvetelet ellenorzesul k, IS

merJuk Igy a kovetkezo uzemeitetesl adatok varhatoak

2 1 3 A "tarhat6 megtakaritas szamltasa

Igya beavatkozas utan az eves v,lIamosenergla fogyasztas 40 MWh

A megtakantast a fentl szamltast aiapul veve az alabblak szennt szamftJuk

1 2
4680 3966

6 12
12 12
72 72

3,2 63- 15 25-

9~96 ~02 ~ 9£+

A korhaz/ gozrendszer es a kondenzedenyek allapota mlatt a vlsszaadott
kondenzatum hotartaJma Jelentosen meghaladJa a tervezesl erteket, 19Y a sarJugoz
mInden kazanhazi horgenyt fedez Emlatt a lugozas klgozologteto edenye es
utohutoJe altai megtermelt ho veszteseg mert nem hasznoslthato a kazanhazban

A ket HOK 7/12-es kazan lugozasa es Iszapolasa kezl beavatkozassal tortentk, a
vlzszlntszabalyozo pedlg mrnt azt az elozo pontban lattuk Jelentosen alulmeretezett

22 HOK kazanok automatlkus lugozasa es Iszapolasa, valammt uJ
vrzszrntszabalyozo beepltese

2 2 1 Beavatkozas e/6ttl a/lapol

A tenyleges megtakantast a fentrek alapJan a valos uzemldok figyelembevetelevel
kell megallapltam

----~

A lugazassal es Iszapolassal elvesztett kazanvlz mennyrsege allando meres hlJan
pontosan nem megallaplthato A kezelol utasltasok 3-5% lugozasl mennylseget Irnak
eta 1990-ben egy reszletes vlzlagYlto vlzsgalatot tartottak a kazanhazban aha!
Idelglenesen klepltett merokorrel mertek a lelugozasl mennylseget rlletve az
IszapolaSlld6tartamokat A meres .dotartama alatt a 39% volt a lelugozasl
mennYlseg holott a vlzlagYltobol erkezo VIZ mlnosege es a kazanvlzben
megengedett sotartalom alapJan 1 6% lugozasl mennYlseg elegendo lett volna A
vlzsgalat alatt az Iszapoiasl Idatartam IS a haromszorosa volt az elolrtnak

Mag kell JegyeznI hogy a vlliamosenergia atlagos aranaJ a lekates dlJat IS figyelembe
vesszuk, hlszen a klsebb telJesltmenynek megfeleloen a lekates IS cs6kkentheto

Uzemel6 kazanok szama
Eves uzemoraszam, h
Szallitott menny/seg, Uh
Emelomagassag bar
SZlvattyu hatasfok % _
Felvett villamos telJesltmeny k_...:.W.:..--::-:-
Eves ~llIamos ~nergla fogyasztas, MWh....:...J.._

Villamosenergia megtakantas(170-40) 130 MWh
Atlagos villamosenergia ar 9462 FtlMWh
Eves megtakantas 1230 eFt

SOliD 2S£ ON 22 £~ 96, lOllO
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Measurement and Venficatlon Plan

Mlndezek mlaU minden a mlnlmahsan szuksegeset meghalado lugozassal
(Iszapolassal) elvett vlzmennYlseg telJ65 egeszeben veszteseg

2 2 2 A beavatkozas utam f1llapot

A kazanok automatlkus lugozo es Iszapolo berendezest kapnak. valammt a
mechamkus vlzszlntszabalyozot elektromkus szabalyozo korre cserelJuk

2 2 3 Megtakarltasok szamitasa

Mlvel sem beavatkozas elottl, sem az azutam allapotban mnes meres klspltve, a
megtakantasokat a fentl ertekeket elfagadva az alabblak szerrnt szamltJuk

392 FUm3

784 FtlGJ
691 eFtJev

34000 Uev
680 m3 Jev
678 MJ/m3

85 %
789 MJ/m'
542 GJ

16000 m3

Korhaz reszerol

Vac, 1998 JUlIUS 03

~1-;-~MISlk La~z16

Uzemeitetesl Q5Zt ez

Budapest 1998-06-30

EGI n3szerol

3 Egyeb

P6tvlzkoltseg
Gazkoltseg
Teljes megtakantas(350 * 680 + 542 * 700 Ft)

Kazanhaz eves goztermelesre
Varhato potVIZ megtakantas( 34000·0,02 )
KazanvlZ hotartalma(10 bar telltett)
Telephatasfok
FaJlagos gazenerg18 megtakantas
Eves h6energla megtakarrtas
Eves fOldgaz megtakantas

A Jelen meresl es ellenorzesl tervben foglalt a beavatkozasok eredmenyenek
klmutatasara szolgalo elJarasokkal egyetertek az Igy meghatarozoU eredmenyeket
elfogadom Az szamltasl III meresl modszer modosltasara csak a Korhaz as EGI
altai alalrt m6doslto Jegyzokonyv felvetele utan kerulhet sor

A korabbl meres soran megallapltott 3,9% lugozashoz kepest a beavatkozas utanr
1,6% osszesen 23% csokkenest Jelent Konzervatlv eredmenyek erdekeben varhato
megtakarrtast ennek alapJan 2%-ra vettuk fel mlutan a jelenlegl tenyleges lelugozasl
mennYlseg nem Ismert A varhato koltsegmegtakantas ket forrasbol ad6duk
reszben kevesebb potvlzre (as annak lagYltasara) van szukseg, reszben pedlg
megtakantjuk az e vlzmennYlseg felmelegltesehez szukseges tuzeloanyagot

Ennek megfeleloen a lugozasl mennYlseg -a vlzmlnoseghez Igazodva - 1,6%-a lesz
a kazan termelt gozmennylsegenek
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