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The proposed project was selected based on three cons~deratlons 

1 The s~te selected (a d~str~ct heated school) IS one of the type of fac~l~t~es 
~dent~fied In the Hungary Project Work Plan as bemg seriously In need of 
energy effic~ency ~mprovements, 

2 The technolog~es lnvolved In the demonstrat~on project appear to be very 
cost-effect~ve, and are also very repl~cable throughout Hungary, 

3 The D~str~ct and school mvolved are financ~ally stable and h~ghly motwated to 
reduce energy consumptlon and related costs 

Berzseny~ Dan~el Gymnaswm (also referred to as B D ) IS located In D~str~ct Xlll 
In Budapest, wh~ch IS one of the two wealthlest d~str~cts (Electrotek and Centech 
also des~gned and ~mplemented an energy effic~ency demonstrat~on project at 
Nemetvolgy~ school, located In the second, wealthy district, D~stnct XI1 ) In 
add~t~on, walk-through aud~ts were performed at a total of 7 schools In D~str~ct XI!, 
and deta~led engmeermg feasrb~l~ty stud~es were performed for the two best 
schools (Arany Janos and Varosmajor) 

Or~gmally, projects In D~str~ct XI1 were mtended to serve as back-ups to the B I3 
project , slnce there was cons~derable doubt as to whether D~str~ct XI l l would 
allow B D to proceed w~th the demonstrat~on project and prov~de the requ~red 
financ~al contr~bution When 6 D eventually elected to ~mplement only a portlon 
of the proposed measures, th~s allowed Electrotek to develop an energy 
efficlency demonstrat~on project at Nemetvolgy~ school In D~str~ct XI1 

It was assumed that schools located In these two d~str~cts would be financ~ally 
sound and would have the economlc resources needed to meet the 20% co- 
fundmg requwement and to support the proposed energy effic~ency fund 

B D 's baselme energy consumptlon level for heatmg was qu~te h~gh - about 3660 
GJ per year The cost of th~s energy In 1997 was also h~gh - about 9 m~ll~on Ft 
($48,000), wh~ch represents an Increase of almost 100% smce 1994 Both 
heatmg and hot water are prov~ded by FOTAV, the prlmary suppher of d~str~ct 
heatmg In Budapest 

B D was seeking to reduce ~ t s  heatmg costs In two ways 
(I) By renegot~atmg ~ t s  current d~str~ct heatmg tar~ff w~th FOTAV (during the 

summer of 1997 when the B D workplan was developed, talks were 
ongomg), and 

(2) By reducmg its heatmg-related energy consumptlon through the energy 
saving measures proposed by Electrotek and Centech These measures 
~ncluded heatmg controls, thermostat~c radlator valves, and weatherstr~pp~ng 
of wmdows 



The D~str~ct was unsure whether or not to contmue to rely on FOTAV for heat and 
hot water As a result, one of the measures that was evaluated by Electrotek and 
Centech was an energy effic~ent gas boiler, which would enable B D to produce 
~ t s  own heat and hot water 

There were four energy effic~ency measures that were ongmally proposed for 
~mplementat~on 

Energy efficient gas bo~ler 
Automated controls 
Thermostatic rad~ator valves (or TRVs) 
Weatherstrlppmg 

The proposed measures are descr~bed br~efly below 

Energy Efficrent Gas Boiler 

Actually, two energy efficient gas bo~lers were proposed to be mstalled to meet 
the bu~ldmg heatrng load of approxrmately 640 MW A large (400 kW) and small 
(240 kW) bo~ler were proposed These two boilers would have allowed for 
considerable flex~b~l~ty In the d~spatch of the heatmg and hot water system The 
smaller boiler could have been used to meet hot water requirements durmg the 
summer months, when school was not in session At the beglnnmg of the 
heating system, when outdoor temperatures are stdl moderate, B D could then 
have sw~tched to the larger bo~ler to meet ~ t s  heatmg and hot water needs 
Followmg this, In the harshest wmter months, both bo~lers could have been used 
to meet bullding heatmg and hot water requirements Each of these bo~lers was 
85+% effiaent, accordmg to the manufacturer's spec~ficat~ons The payback 
per~od for the bo~ler was est~mated to be 3 3 years 

In September 1997, B D dec~ded not to mstall the bo~ler Although the school 
offic~als were very much In favor of installing thew own heating system and no 
longer bemg subject to the rap~dly escalatmg heatmg pnces charged by FOTAV, 
they d ~ d  not have the cap~tal required to pay for 20% of the bo~ler cost Also, the 
negot~at~ons w~th FOTAV for a lower heatmg tar~ff were going qu~te well and 
eventually resulted In B D bemg placed on a much lower heatmg tariff, reflecting 
40% lower heatmg pnces 

Heatrng Controls 

The B D heat~ng center had heatmg controls that regulated energy use based on 
the outs~de temperature However, these controls d ~ d  not have the abtllty to 
prov~de for n~ghtt~me or weekend temperature setback (when classrooms are 
unoccup~ed) The controls mstalled through this project are fully programmable 



and allow for temperature-based regulat~on and reduced n~ghtt~me and weekend 
temperatures It was est~mated that the controls would reduce buildmg heatmg 
energy use by 15% 

TRVs 

TRVs reduce energy consumpt~on by automat~cally shuttmg off heatmg energy to 
the rad~ator whenever the temperature exceeds the spec~fied set pomt (20' C) 
Before the TRVs were mstalled at B D , wmdows were usually opened to vent 
excess heat, resultmg In cons~derable energy waste It was est~mated that 50% 
of the t~me the classrooms are occup~ed, the valves would close off heatmg 
energy to the classroom, reducmg energy consumption by an add~t~onal 10% 
Also, because the TRVs provided for more even heatmg of the bu~ldmg, 
addit~onal savlngs accrue Prev~ously, the bu~ldmg heatmg system was operated 
to prov~de suffic~ent heat for the coldest room In the bu~ldmg As a result, the 
bu~ldrng was overheated to an average temperature of 22 5' C W~th the TRVs 
and weatherstr~ppmg (see below), the bu~ldmg could be heated to a more 
moderate temperature of 20' C , resultmg In add~t~onal energy savmgs 

Weatherstrlppmg on wmdows located ~mmed~ately above the rad~ators was 
proposed to reduce mfiltrat~on and resultmg heat losses from the buildmg 
Effectwe weatherstr~ppmg IS espec~ally ~mportant In conjunct~on w~th TRVs, since 
the weatherstr~ppmg helps to keep the room temperature at or above the TRV set 
pomt B D 's ex~stmg weatherstr~ppmg was deterlorated and needed to be 
replaced In addttion, some of the wooden wmdow frames had sagged and 
needed to be planed, so that an effectwe weatherstnppmg barr~er could be 
mstalled It was est~mated that these mod~ficat~ons would reduce heatmg energy 
requ~rements by about 8% 

Or~gmally, ~t was planned that the proposed energy savings measures would be 
mstalled before the start of the 1997-98 heatmg season (~deally, before the start 
of the school year) However, the project des~gn, approval process, and 
procurement of equ~pment all took longer than expected As a result, the 
equ~pment mstallabon took place In November and December of 1997 Desp~te 
th~s delayed schedule, ~t was stdl qu~te early In the heatmg season and there was 
sufFic~ent t~me left to collect mon~tormg data and do the project Impact evaluation 



4 QUANTITATIVE EVALUATION OF ENERGY SAVINGS AND PROJECT PAYBACK 

Methodology Used to Compute Annual Energy Savrngs 

To compute the energy savings for this project, both whole-building metered data 
and d~rect observations (using data collected through temperature data loggers) 
were used The followmg descnbes the step-by-step method used to estimate 
the energy savings for the vanous installed measures was as follows 

Step ? Monthly Data on Total Bulldlng Heatrng Energy Use Was Collected 
Whole-bullding heat meter data was collected for the months of January 1998 
through Apnl 1998 Note - because the mstallation of the energy-savings 
measures was not completed until Chr~stmas break, it was not poss~ble to 
mcorporate observat~ons from the early part of the heatmg season into the impact 
evaluation 

Step 2 Monthly Heat Metered Data for the Same Months Dunng the Precedmg 
Three Years Was Collected and Averaged The 3-year average IS meant to 
represent a typical base year In previous project evaluat~ons, CENTECH has 
found that the 3-year average eliminates much of the year-to-year variance due 
to fluctuations in fachty use, occupancy levels, etc It, therefore, is a more 
accurate benchmark of base period usage than IS metered data from the 
previous calendar year 

Step 3 Heating Consumption Data for the Base Perlod and for the 1998 Heatrng 
Season Was Weather Nomal/zed Because the weather durmg the 1998 
heatmg season was unusually warm, this step was very ~mportant Heatmg 
degree-day information for a typical year and for 1998 was collected The degree 
day ~nformation that was collected and used in these calculations is shown in the 
following table 

February 
March 
Aprll 

TOTAL 1.802 1,578 

Month 
Janua rv 

A degree-day correct~on factor was developed from th~s data and subsequently 
applied to the whole build~ng metered data to correct for the effects of the 
unusually warm winter After adjusting for the effects of weather, the energy 
savings estimates for the total project declined from 44% to 36% All subsequent 
calculations were based on the weather-normalized energy savings figures 

Degree Days in 
Typical Year 

617 
1998 
529 



The following table prov~des the monthly estimates of energy savings for the 
entire project (I e , all installed measures) In subsequent steps, these estimates 
are further broken down by measure 

Month 

Step 4 Total Energy Savrngs was Dlsaggregated by Measure For all measures 
except for the weatherstnpping, englneenng calculations were used to compute 
energy savings for each type of measure The engineering savings equations 
were mod~fied to incorporate actual heating control reglmes, mdoor 
temperatures, setback times, etc Interactwe effects between measures were 
mcorporated by reducmg the heating baselme step-wise for each measure 
mstalled Measures were evaluated in decreasing order of cost- 
effect~venesslpayback Thus, heating controls were cons~dered first, TRVs next, 
and weatherstr~ppmg last 

January 
February 

March 
April 
Total 

a) For heatmg controls, energy savings was arrived at using the followmg 
equat~on 

GJs ~n 
Base Year 

Energy Savings = (Annual Heatmg Requwement X % Controlled Floor Space) X 
(Number of Hours of Setback X # Degrees Reduced X 6% Savings per 
Degree Reduced durmg Setback) 

b) For TRVs, the energy savings algonthm was as follows 

GJs In 
1998 Heatmg 

Season , 

Energy Savmgs = (Annual Heatmg Requirement * X % of Floor Space for 
Classrooms) X % of time classrooms are not occupied X % of t~me when 
TRVs Close off Heating** 

676 
349 
294 
187 

1,506 

I . - 

* Reduced by the energy saved from the heatmg controls 
** Based on actual experience 

Savmgs 
In GJs 

353 
197 
287 
1 34 
971 

323 
152 
7 
53 
535 

c) For weatherstnppmg, the res~dual energy savings that was not attr~butable to 
either the heating controls or TRVs was assumed to be due to the 
weatherstr~ppmg The resultmg energy savings level, as a percentage of total 
energy consumption, IS well wthin the range of savings claimed by 
weatherstnppmg manufacturers 

Sav~ngs 
As % 
48% 
44% 
2% 
28% 
36% 



The energy savings and simple payback for each of the mstalled measures is 
shown In the table below Thls table also reports the energy cost savings due to 
B D 's transfer to a lower-cost tariff This saved money but not energy 

As the table shows, thls project was very cost-effectwe, based on simple 
payback For all measures, the payback was under three and one-half years, 
wlth the payback on heating controls the shortest at only 16 months Paybacks 
for the other two measures were somewhat longer, In part because the energy 
baseline used to evaluate these measures was reduced to account for the 
savings from the heatlng controls Nonetheless, all measures were found to be 
cost-effectwe 

No 
1 

2 

3 
4 

5 
*** Over the entire heating season Please note that the monitoring period was 
considerably shorter and therefore, the energy savings shown in the precedmg 
table were considerably lower However, on a percentage baas, they are the 
same 

Measure 
Tariff 
change 
Heatmg 
Controls 
TRVs 
Weather- 
str~pplng 
Total 

Energy 
Savmgs 

% 
0% 

20% 

9% 

7% 
36% 

Energy 
B~i l  

Savmgs 
% 
46% 

9% 

4% 

3% 
62% 

Energy 
Savmgs 
G Jly r *** 

0 

732 

329 

256 
1,317 

Energy 
BIN 

Savings 
KFt Iyr 

Measure 
Cost In 

KFt 

Smple 
Payback 
(months) 

0 

16 

38 

36 
7 

4,304 

849 

382 

297 
5,832 

0 

1,150 

1,200 

884 
3,234 


