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The proposed project was selected based on three considerations 

1 The site selected (a school with its own heat supply system) is one of the 
types of facilities identified in the Hungary Project Work Plan as being 
seriously in need of energy efficiency ~mprovements, 

2 The technolog~es involved In the demonstrat~on project appear to be very 
cost-effective and are very replieable throughout Hungary, and 

3 The District and school involved are financ~ally sound and are highly 
motivated to reduce energy consumption and related costs 

Nemetvolgyi Gymnasium is located in District XI1 in Budapest, which IS located 
on the Buda side and IS one of the two wealthlest d~stncts "Wealthy" is a relative 
term - meaning that the District is likely to be able to carry out the financial 
obligations associated with this project and likely to undertake other, similar 
projects at other schools within the District As evidence of its finanaal 
soundness and strong interest In energy efficiency, D~strict XI1 set up an energy 
efficiency line of credit with UNICBANK, In order to finance energy efficiency 
projects at other schools in the district 

The amount of energy required by Nemetvolgyi for heating is quite high - about 
4,471 GJ per year Annual gas use for heating is also high - 127,745 ~ r n ~  
Substantial opportunities exist for saving heating-related energy Four German- 
made gas boilers that are at least 10 years old heat the school 

Nemetvolgy~ consists of two main buildings (A and B) which are linked by a 
glassed-in passageway Building A, the larger of the two, is 65 years old, and 
building B is only nine years old Under the current heating control regime, there 
is a 10' C temperature differential between the two buildings Th~s is because 
the heating controls regulate the boilers, rather than the pipes Also, the 
passageway between the buildings is significantly overheated, to about 40' C , 
typcally There IS significant infiltration in the passageway, due to many gaps 
and cracks between the windows Last, the heatmg system is operated 
continuously due to the presence of an apartment w~thin the school This results 
in significant overheating and energy waste of unoccup~ed schoolrooms during 
the hours that school is not in session 

A total of six energy saving measures (designated ECOs) were installed These 
measures are described briefly below 

ECO # I  - F~x~ng  the central heatmg control system, includmg controls, 
valves and sensors The goals of these repairs was to allow for more even 



heatmg of the bu~ldmg, and to provide for s~gn~ficant energy savmgs through 
n~ghtt~me and weekend temperature setback 
ECO #2 - lnstall~ng therrnostat~c rad~ator valves (TRVs) In all classrooms 
In Buildmg B, only therrnostat~c heads were required, since new rad~ator 
valves were mstalled just last year 
ECO #3 - lnstall~ng weatherstr~ppmg on all wndows, except the nursery 
area, where it has already been mstalled 
ECO #4 - Weatherstr~ppmg wmdows In the passageway 
ECO #5 - lnstall~ng a thermostat and t~me sw~tch on the domestlc hot 
water heat exchanger and pump 
ECO #6 - lnstallmg a new gas bo~ler In the apartment, and calibrating the 
heating controls accordmgly The gas bo~ler provides considerable energy 
savmgs by allowing the central heating system to be shut down durmg 
periods when the school IS not In session 

It should be noted that ECO #6, the gas bo~ler for the apartment, was installed by 
D~str~ct XII, at the drstr~ct's expense and was therefore, not ~ncluded In the ~mpact 
evaluatron that is the focus of th~s report Therefore, the remamder of th~s report 
w~ll focus on the characterist~cs and energy and cost savlngs from ECO #s 1 
through 5 ECO #6 w~ll not be addressed further 

General descriptions of the remalnmg measures (ECOs # 1 through 5) are 
prov~ded below 

Heat~ng Controls 

The Nemetvolgyi heatmg center had heatmg controls that regulated energy use 
based on the outs~de temperature However, these controls d ~ d  not have the 
ab111ty to prov~de for n~ghtt~me or weekend temperature setback (when 
classrooms are unoccupied) The controls mstalled through th~s project are fully 
programmable and allow for temperature-based regulat~on and reduced nlghtt~me 
and weekend temperatures It was est~mated that the controls would reduce 
bu~ldmg heatmg energy use by 15% 

TRVs 

TRVs reduce energy consumption by automat~cally shuttmg off heatmg energy to 
the rad~ator whenever the temperature exceeds the specified set pomt (20' C) 
Before the TRVs were mstalled at Nemetvolgy~, 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 prov~ded for more even heatmg of the bu~ldmg, 
add~t~onal savmgs accrue Prev~ously, the buildmg heatmg system was operated 
to prov~de suffic~ent heat for the coldest room In the buildmg As a result, the 
budding was overheated to an average temperature of 22 5' C With the TRVs 



and weatherstrippmg (see below), the budding could be heated to a more 
moderate temperature of 20' C , resulting in additional energy savings 

Weatherstrippmg on wmdows located immediately above the radiators was 
proposed to reduce infiltration and resultmg heat losses from the building At 
Nemetvolgyi, additional weatherstrippmg was installed In two locations (1) on 
wi~thws loeat4 iawdlately above the radiators where TRVs were also 
~nstalled, and, (2) in the passageway connecting bu~ldmgs A & B 

With respect to the first location, effectwe weatherstnppmg was especially 
important in conjunct~on with TRVs, since the weatherstnppmg helps to keep the 
room temperature at or above the TRV set point Nemetvolgyi's ewstmg 
weatherstnpping was deteriorated and needed to be replaced In addit~on, some 
of the wooden window frames had sagged and needed to be planed, so that an 
effective weatherstnpping barrier could be mstalled 

In the passageway (the second location), there were significant problems with 
infiltration, overheating and energy waste This passageway is almost entwely 
composed of singlepaned glass windows, and the wmdows and frames were 
ineffective In keeping out cold air To effectively address these problems, two 
d~fferent types of weatherization mater~als were installed The first type was an 
energy-efficient wmdow film that was mstalled on the inside surface of all 
windows In the passageway The second type was conventional 
weatherstnpping, to seal off cracks and gaps in the frames surrounding these 
windows 

Originally, ~t was planned that the proposed energy savings measures would be 
mstalled before the start of the 1997-98 heating season (ideally, before the start 
of the school year) However, the project design, approval process, and 
procurement of equipment all took longer than expected As a result, the 
equ~pment mstallation took place in November and December of 1997 Despite 
this delayed schedule, ~t was st111 quite early In the heating season and there was 
suffic~ent t~me left to collect mon~tor~ng data and do the project ~mpact evaluatm 

4 QUANTITATIVE EVALUATION OF ENERGY SAVINGS AND PROJECT PAYBACK 

Methodology Used to Compute Annual Energy Savrngs 

To compute the energy savings for th~s project, both whole-buildmg metered 
and direct observat~ons (using data collected through temperature data loggers) 



were used The following describes the step-by-step method used to estlmate 
the energy savings for the various installed measures was as follows 

Step I Monthly Data on Total Burldrng Heatrng Energy Use Was Collected 
Whole-bullding heat meter data was collected for the months of January 1998 
through April 1998 Note - because the installahon of the energy-savlngs 
measures was not completed untll Chnstmas break, it was not possible to 
mcorporate observations from the early part of the heating season into the impact 
evaluation 

Step 2 Monthly Heat Metered Data for the Same Months Dunng the Precedrng 
Three Years Was Collected and Averaged The 3-year average is meant to 
represent a typical base year In previous project evaluations, CENTECH has 
found that the 3-year average ellminates much of the year-to-year variance due 
to fluctuations in facil~ty use, occupancy levels, etc It, therefore, 1s a more 
accurate benchmark of base period usage than is metered data from the 
previous calendar year 

Step 3 Heating Consumptron Data for the Base Period and for the 1998 Heating 
Season Was Weather Normalized Because the weather durlng the 1998 
heating season was unusually warm, this step was very important Heating 
degree-day information for a typical year and for 1998 was collected The degree 
day lnformat~on that was collected and used in these calculations is shown in the 
following table 

1 February 530 1 398 1 

Month 
Januarv 

A degree-day correction factor was developed from this data and subsequently 
applied to the whole bullding 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 42% to 33% All subsequent 
calculations were based on the weather-normalized energy savings figures 

Degree Days In 

March 
Arsril 

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

Typ~cal Year 
617 

1998 
529 

46 1 
193 

470 
181 



Step 4 Total Energy Savings was Disaggregated by Measure For all measures 
except for the weatherstnppmg, engineering calculat~ons were used to compute 
energy savings for each type of measure The engineering savings equat~ons 
were mod~fied to incorporate actual heating control regimes, indoor 
temperatures, setback times, etc Interactwe effects between measures were 
mcorporated by reducmg the heating baseline step-w~se for each measure 
installed Measures were evaluated In decreasing order of cost- 
effect~venesslpayback Thus, heating controls were cons~dered first, TRVs next, 
and weatherstr~pping last 

- 

a) For heatmg controls, energy savings was arrived at usmg the followmg 
equation 

Month 
January 
February 

March 
Apr~l 
Total 

Energy Sav~ngs = (Annual Heating Requirement X % Controlled Floor Space) X 
(Number of Hours of Setback X # Degrees Reduced X 6% Savmgs per 
Degree Reduced during Setback) 

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

NOTE - Energy use in January 1998 was higher that In the base year, In part, 
because the heating controls were not working properly due to problems w~th 
excess air These problems were subsequently corrected and the controls d ~ d  
work as intended durmg the remaining months of the monltonng per~od (February 
through Apnl 1998) 

Energy Sav~ngs = (Annual Heatmg Requ~rement * X % of Floor Space for 
Classrooms) X % of time classrooms are not occupied X % of t~me when 
TRVs Close off Heatmg** 

Savmgs 
As % 
-8% 
30% 
73% 
41 % 
33% 

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

Savmgs 
In GJs 

-65 
262 
554 
307 

1,059 

GJs in 
Base Year 

81 9 
872 
760 
748 

3,200 

c) For weatherstnppmg, the res~dual energy savmgs that was not attr~butable to 
e~ther the heatmg controls or TRVs was assumed to be due to the 
weatherstnppmg The resultmg energy savings level, as a percentage of t~tal 
energy consumpt~on, IS well w~th~n the range of savings claimed by 
weatherstn ppmg manufacturers 

GJs In 
1998 Heatmg 

Season 
885 
61 0 
206 
141 

2,141 



The energy savings and simple payback for each of the mstalled measures IS 

shown In the table below 

Energy Energy 
Savmgs Savmgs 

Measure Oh G Jlyr *** 
Heatmg Controls 

18 0% 914 
8 6% 

Weatherstrippmg 
(above TRVs) 4 5% 
Weatherstripping in 
Passaaewav 1 4% 
Domestc Hot Water I I 
Control 0 5% 24 
Total 33 0% 1.361 

S~mple 
Payback 
(years) 

I I 

L 

her  the ent~re heatmg season Please note that the mon~torrng per~od was 
cons~derably shorter and therefore, the energy savings shown in the precedmg 
table were cons~derably lower However, on a percentage bass, they are the 
same 

As the table shows, th~s project was very cost-effectwe, based on ample 
payback For all measures, the payback was 4 1 years or less, w~th the payback 
on heat~ng controls the shortest at only 1 1 years Paybacks for the remaining 
heatmg-related measures (ECO #s 2, 3 and 4) were somewhat longer, In part 
because the energy baseline used to evaluate these measures was reduced to 
account for the savmgs from the heatmg controls Nonetheless, all measures 
were found to be cost-effectwe 

Append~x A prov~des some plots of the temperature mon~toring that was done 
after the ECOs were installed and workmg properly In part~cular, the plots 
demonstrate the dramat~c ~mpact of the control regimes for the heatmg controls 
and TRVs 
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