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1. Situation 

A 7 544 m2 high school in Bulgaria was retrofitted with new windows, wall roof and pipe 
insulation, new heating valves and outdoor temperature control of the heating system. Before 
retrofit the building was unable to maintain comfortable indoor conditions in winter. The 
retrofits themselves will enable proper indoor temperatures to be maintained. The resultant 
higher indoor temperatures will increase the energy requirements, partially offsetting the 
savings of the retrofits. 
 
2. M&V Option Selection 

IPMVP Volume I, EVO 10000 – 1:2010, Option D, Calibrated Simulation was selected 
because baseline energy data was not available. Normal indoor temperatures would be an 
appropriate set of baseline conditions, but the school was not operated this way before retrofit. 
Therefore there was no utility information for the school operating with normal indoor 
temperatures. The “Baseline” condition had to be modeled by computer simulation.  
 
3. Basis For Adjustment 

Normalized savings will be reported for the first year after retrofit under long term average 
weather and 2005 occupancy conditions. 
 
 
4. Sumulation Approach 

Whole facility energy simulations will be calibrated using actual diesel fuel and electricity 
data for the school. Electricity data comes directly from utility bills. Diesel fuel quantities 
before retrofit come from both shipment records and monthly oil inventory estimates for the 
underground tank. After retrofit diesel fuel quantities come from a diesel flow meter. 
 
The simulation will be performed by Mr xxxx, long experienced in the use of ENSI® Key 
Number Software v7.12. He will assemble key facts about the building for the simulation.  
 
Simulations already prepared while preparing this M&V Plan are shown in the Appendix. 
Key facts are summarized below. 
 
Savings will be reported relative to the energy use of a school that is not under-heated. The 
baseline for this situation was created by: 

1. Preparing an actual “Condition Model” of the school building and its operations in 
2005, using long term average weather, and recognizing there was under-heating 
of the school.  

2. Modifying the Condition Model until it came within 648 kWh of the actual 889 
652 kWh of energy use for 2005 (after correcting 2005 heating data for degree day 
differences with the long term average). The difference of less than 0.1% was 
excellent. This modified Condition Model was called the “Calibrated Condition 
Model.” All input and output data is in the Appendix. 

3. Adjusting the Calibrated Condition Model to assume proper heating of the school. 
This adjustment brought school energy up by 217 700 kWh, to 1 108 000 kWh, a 
24% increase. The input and output data of this “Baseline Model” is in the 
Appendix. 
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As part of the retrofit planning, the Baseline Model was rerun with each of the proposed 
retrofits added in sequence. The input and output data of this “Retrofit Model” was 
documented, showing a total post retrofit energy requirement of 490 412 kWh. The savings 
predicted for each retrofit were determined by comparing progressive Retrofit Models against 
the Baseline Model, and are shown in Table 1. 
 

Table 1.  Predicted Savings 

ECM Annual Savings 
(kWh) 

М1 Insulation of walls 222 517 

М2 New PVC windows 147 486 

М3 Insulation of roof 176 364 

М4 
Automatic control of heating 

supply temperature, and 
insulation of pipes 

71 221 

 Total 617 588 
 

A year after retrofit, the validity of the predicted savings in Table 1 will be assessed by: 
a) Creating a “Post-Retrofit Condition Model,” reflecting the retrofits as actually 

implemented, current occupancy and weather, and any other changes made to the 
school. 

b) Comparing the Post Retrofit Condition Model to actual measured energy use over the 
first year after retrofit, and modifying the model until it is reasonably close to 
measured data. The modified simulation is called the “Calibrated Post-Retrofit 
Condition Model.” 

c) Modifying the Calibrated Post-Retrofit Condition Model to 2005 occupancy and long 
term weather. The resultant “After ENCON Model” will be compared to the Retrofit 
Model of Step 3 above, to assess how well actual results compare to predicted results. 

d) Modifying the predicted savings shown in Table 1 to reflect the total differences 
found in step c). The allocation of excesses or shortfalls to the individual retrofits will 
be justified and the final numbers reported for each retrofit as the Achieved 
Normalized Savings. 

 
 
5. Marginal Price 

The school’s diesel supply contract has a marginal unit price of 1.87 BGN/l including VAT, 
or 0.19 BGN/kWh. 
 
 
6. Accuracy 

The accuracy of the savings report will be determined when conducting step c), described in 
Section 3, above. 
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7. M&V Budget 

The owner required the development of a notional baseline and predicting of savings in Table 
1, before deciding to proceed with the project. Therefore the only M&V effort was in 
preparing this M&V Plan and the actions a) though d) shown in Section 3, above. The 
engineering services for determining the achieved Normalized Savings will cost 10 000 lev 
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Key Number Software Computer Screens 
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External walls and windows 
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Floor  
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Roof 
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Fans and Lighting  
 

 
 
 
Miscellaneous electrical equipment generating (“exp loitable”) internal 
heat gain.  
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Three terms are used to describe the various simulations:  
• “Condition” describes the existing situation in the building in 2005 
• “Baseline” describes the building as if indoor conditions were acceptable 
• “After ENCON” shows energy consumption after implementation of the energy 

conservation retrofits. 
 
Actual Condition - Calibration: 
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Baseline Model 
 
The school is under-heated, so to create the Baseline Model indoor temperature is adjusted 
upwards. As a result the energy consumption for heating increases.  
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After retrofit: 
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Predicted savings from individual retrofits: 
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8. Energy Savings Report 

Energy Efficiency Project In A High School 
In Bulgaria 

Reporting Period: January 1 - December 31, 2009 
 

Normalized Savings were determined, following the M&V Pan dated February 2, 2008, to be 
600 000 kWh, worth 110 000 lev.  
 
These numbers were developed as presented below. 
 
a) A “ Post-Retrofit Condition Model,” was assembled reflecting the retrofits as actually 

implemented, 2009 occupancy and weather, and all other changes made to the school 
since 2005. 
 

b) The Post-Retrofit Condition Model was modified until it came close to actual measured 
energy use after retrofit (499 713 kWh). The final input and output of this “Calibrated 
Post-Retrofit Condition Model” is documented in the files supplied with this report. 
 

c) Modified the Calibrated Post-Retrofit Condition Model to 2005 occupancy and long term 
weather. The resultant “After ENCON Model” showed a predicted energy use of 491 
852 kWh. This result is within 1 440 kWh (0.3%) of the Retrofit Model developed in the 
M&V Plan for the same conditions. The small difference indicates that the actual post 
retrofit performance matches prediction very well. 

 

d) Since the post-retrofit performance matches prediction, Achieved Normalized Savings are 
those shown in Table 1 of the M&V Plan, repeated below: 

 
Achieved Normalized Savings 

ECM Annual Savings 
(kWh) 

М1 Insulation of walls 222 517 

М2 New PVC windows 147 486 

М3 Insulation of roof 176 364 

М4 
Automatic control of heating 

supply temperature, and 
insulation of pipes 

71 221 

 Total 617 588 
 
At the school’s marginal cost for heating fuel of 0.19 BGN/kWh, the first year’s achieved 
normalized savings under 2005 occupancy and long term average weather conditions is 117 
341 lev. 
 
The energy and cost savings number shown at the top of this report are conservatively 
rounded down to 2 significant digits. 


