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1. Situation

A 7 544 m2 high school in Bulgaria was retrofitt@dh new windows, wall roof and pipe
insulation, new heating valves and outdoor tempegatontrol of the heating system. Before
retrofit the building was unable to maintain contédae indoor conditions in winter. The
retrofits themselves will enable proper indoor tenapures to be maintained. The resultant
higher indoor temperatures will increase the enegpuirements, partially offsetting the
savings of the retrofits.

2. M&V Option Selection

IPMVP Volume |, EVO 10000 — 1:2010, Option D, Cadited Simulation was selected

because baseline energy data was not availablen&landoor temperatures would be an
appropriate set of baseline conditions, but th@alcvas not operated this way before retrofit.
Therefore there was no utility information for tlsehool operating with normal indoor

temperatures. The “Baseline” condition had to beleed by computer simulation.

3. Basis For Adjustment

Normalized savings will be reported for the firgtay after retrofit under long term average
weather and 2005 occupancy conditions.

4. Sumulation Approach

Whole facility energy simulations will be calibrdt@ising actual diesel fuel and electricity
data for the school. Electricity data comes diseftbm utility bills. Diesel fuel quantities
before retrofit come from both shipment records arahthly oil inventory estimates for the
underground tank. After retrofit diesel fuel quéies come from a diesel flow meter.

The simulation will be performed by Mr xxxx, longperienced in the use of ENSI® Key
Number Software v7.12. He will assemble key fabisud the building for the simulation.

Simulations already prepared while preparing thi&WWPlan are shown in the Appendix.
Key facts are summarized below.

Savings will be reported relative to the energy osa school that is not under-heated. The
baseline for this situation was created by:

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

2. Modifying the Condition Model until it came withi®48 kWh of the actual 889
652 kWh of energy use for 2005 (after correctinQ®208eating data for degree day
differences with the long term average). The défee of less than 0.1% was
excellent. This modified Condition Model was calldgge “Calibrated Condition
Model.” All input and output data is in the Apperdi

3. Adjusting the Calibrated Condition Model to assymneper heating of the school.
This adjustment brought school energy up by 217Kk, to 1 108 000 kWh, a
24% increase. The input and output data of thisséae Model” is in the

Appendix.
| [2ETol] Intelligent Energy [ | Europe
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As part of the retrofit planning, the Baseline Mbdas rerun with each of the proposed
retrofits added in sequence. The input and outmta df this “Retrofit Model” was
documented, showing a total post retrofit energyuiement of 490 412 kwh. The savings
predicted for each retrofit were determined by canmg progressive Retrofit Models against
the Baseline Model, and are shown in Table 1.

Tablel. Predicted Savings

Annual Savings

ECM (kWh)
M1 Insulation of walls 222 517
M2 New PVC windows 147 486
M3 Insulation of roof 176 364

Automatic control of heating
M4 supply temperature, and 71221
insulation of pipes
Total 617 588

A year after retrofit, the validity of the predidteavings in Table 1 will be assessed by:

a)

b)

d)

Creating a Post-Retrofit Condition Modédl,” reflecting the retrofits as actually
implemented, current occupancy and weather, ando#mgr changes made to the
school.

Comparing the Post Retrofit Condition Model to attneasured energy use over the
first year after retrofit, and modifying the modehtil it is reasonably close to
measured data. The modified simulation is calleel ‘iGalibrated Post-Retrofit
Condition Model.”

Modifying the Calibrated Post-Retrofit Condition M to 2005 occupancy and long
term weather. The resultarAfter ENCON Model” will be compared to th&etr ofit
Model of Step 3 above, to assess how well actual resoftgpare to predicted results.
Modifying the predicted savings shown in Table 1 to reflect the total etéhces
found in step c). The allocation of excesses ortfits to the individual retrofits will
be justified and the final numbers reported for heaetrofit as the Achieved
Normalized Savings.

5. Marginal Price

The school’s diesel supply contract has a margindl price of 1.87 BGN/I including VAT,
or 0.19 BGN/KWh.

6. Accuracy

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

The owner required the development of a notionaéli@e and predicting of savings in Table
1, before deciding to proceed with the project. rEfme the only M&V effort was in
preparing this M&V Plan and the actions a) thoughsbdown in Section 3, above. The
engineering services for determining the achievednslized Savings will cost 10 000 lev
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Key Number Software Computer Screens

[Project name |Permanent 50U Yasil Levski

|Country |Bulgaria

|Climatic data |clim. zone 3 - Ruse, vidin -] ]
[Reference huilding [school =
|Reference conditions |1 987 1. |
[Hotiday takle [gchool -] ]
W Detailed calculations

] Seftings - climatic data | Geftings-referencedata Seftings - holiday data ]
| Building data | Heating | Domestic hot water
Country | Brnrapma || LI - weall W R | 1,00 | Sanitary installations i@ | o0

Reference building | yuumawg [ 1 - weind o WPk 265 | Kitchen IIm’l 0.0
Condition | 1987 r. | - roof Wk 060 | Distribution losses %I 50

hiday with sethack | g0 || - floor P e 030 | Autarmn. contr- modern % a7 0
External wall | 3129 | Total salar gain 054 | Autorm. control - poor ¢ % 940

| 1517 || Infiltration 1ih 050 | Autom. contral - man, © % 92,0

320 || Indoar temperature L 185 O EMIEM % 96,0
465 || Sethack temperature " 13,5 | Energy supply efficiency % | 830
Simultaneous power YWim? | g,00

=

5 3 32 3 3 3 2 3 3 3
[gn)
-
N

Total window area

]

Window area narth

#3355

Window area east

[}
(o)
=]
w

Window area south

h
[}

Distribution losses %

|

Window area west F 353 (| Autom. contr- modern & % a7, Lighting

Roof area Autorm. contral - poor - % 4.0 | Operation period hiweek| 300
Floor area = [ Z7z |Adtom. control-man. % | 920 |Simultaneous power wim® [ 10
Heated area = IW O &M TEM % I 96,0 Fans and pumps

Gross volume = Iw Energy supply efiiciency % 39,0 | Operation period hiweek| 400

I_
Met heated volume * 29757 [ Window area % ITA Fans, power Wim® IW
Thermal capacity I edium —| Ventilation | | Pumps ventilation Wi IW
Farrm - factar 0,32 (| Operation period hiweek 0,0 | Pumps heating Wi 0,00
wentilation rate mtn=h 0,00 | Pumps coaling kvhirr o0
Supply termperature C 185 |0 & MIEM o, %60
IWHHHME j Heat recovery % o Various exploitable
Autom. contr.- modern &+ % 87.0 | ciperation period hiweeek 40,0
|Reference conditions [ 1987 r. =| Autom. control - poor "% ]S40 | simultaneous power wim® [ 180
Automn. control - man. % I 92,0 Various unexploitable
Humidification % I—D.D Operation period hiweaek| 400
O & M EM % 96,0 | Simultaneous power Yyim® IW

Energy supply efiiciency % | 89,0 Persons

HNumber | 5490 |
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Settings - climatic data Settings - reference data Settings - holiday data

ISlimatic data Clirn. zone 3 - Ruse, Vidin
| Clim. zane 3 - Fuse, ¥i x| | Solar Radiaion Wi
[Tavg °C  |Horizonta  [MNorth [East |South Iest
Manuary | o1 | 455 | 2 |  s6s | 663 | 368
IFebruary | oo | e | 335 | s68 | 0 &30 [0 569
March | 59 | 1053 | 462 | 670 | 871 | 67,0
Ipril | 125 | 1471 | 624 | 843 | 838 | 54,3
e | 174 | 1916 | 768 | 1069 | 02 | 1063
Lune | 214 | 2154 | 834 | 1204 | 967 | 1204
Huly | 240 | 2238 | g27 | 12493 | 1047 | 1243
lBugust | 234 | 2170 | 745 | 1252 | 1278 | 1252
jSepternber | 192 | 1840 | 587 [ 1041 | 1365 | 104,
[october | 133 | 939 /] 369 | BEE | 1043 | EE B
InNovernber | 67 | 540 | 244 | 425 | 758 | 428
IDecember | 08 | 1] 184 | 325 | 803 | 328
Heating seasan
|poT | 170 [Statmonth | 10 [Stopmonth | 4
|Btart day | 23 |Et|:|p day | 15
Exit |
Settings - climatic data Settings - reference data Settings - holiday data

I Schaool j

| Huolidays per month

panuarg.f | 5 |Ju|ﬁ; | 23
|Fet3ruarg.f | 0 Iﬂ\ugust | 22
|ru15|r|:h | 1 |Beptemher | 11
I»'l\pril | g |Oc:t|:|ber | 0
|ru15n,r | 3 |N|:wember | 1
Hune | 10 [December | 7
Saturdays and Sundays |are weekends j

IS::hu:u:uI
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Heated area e 7544 :II External wall m* 3129 :II
Gross volume = 31 364 :II Total window area  m* 1517 :II
et heated wolume = 29757 :II Foof area = 2722 :II
|Therr‘nal capacity IMedium j Floor area = 2722 :II
| Mumber of persons [ 590
—| Qccupancy schedule hiday ——| Heating schedule hiday —
Weekday hiday = Weekday hiday =
Saturday hiday = Saturday hiday =
Sunday hiday I—Dj Sunday hiday I ] :II
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External walls and windows

Morth |Nnrtheast| East' Su:n.ﬂheast' Snuth' Snuthwest| West' Nnnhwestl Rnnf' Flcnzlr|

Opague parts Windows
| |
I A~ | v | & | v | 9 | n
| ([ Dwrek] [ | bRk | |
[errar [ 164 [1azez [ 2p3d[ o5t [ 13

7,45 [ 257 = [ ss31 [ 23] 059 1=

= = = = = =
| = Sl srorH[ zes st 1
[ = =i ess ems oms 1
| = = = =il = =
| Total facade area
[ 125,01 IS
Opague parts Transparent parts
| |
| Afnety  |Uiequidy | Anefh | Uiequiv) | g (eguiv)
LT | I I | IS
| 9476 | 1,73 | 32028 | 302 | 054
After ENCON

a77,31 | 048 - [14z82 [ 2004 051 1=

5745 [ n4e [ se3 [ 200 05 = 1=
=1 = =1 = = =l

| = [ sror [ 200 051 1=
[ = =[] o0 osr=f 1
| =i o= =i = =il =
| Ameh  |Udequiy | A(et | Uequid | G (equiv
| o476 | o048 | 32028 | 200 | 051
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MNorth | Martheast | East | Southeast | South | Southwest | west | Nothwest | Roof | Floor |

Opague parts |

Windows

u | A | v |

g

|
I
[ I

|| i | |

A || ek ]

[563,36 =]

1,64 = [20340 [ 263 =

0,51 =]

[ 46,81 |

267 H[ 78] 588

0,59 -]

=]

e | B | = |

0,51 <

=
=

[zz074 [ 566 =

0,59 |

— — —
= =l =il

=
|

TITITTAT7]

|
| =i
|

Total facade area
[rr]

| Opaque parts |

Transparent parts

| Afnet

| Uequi | Anet)

| U tequiv) | o (equiv)

[ I

| Cowiert ] |

][ i ||

| 61347 |

172 | 46450 | 460 |

0,55

After ENCON

563,36 —|

0,49 - [20340 =] 200 ]

0,51 =]

46,91 —|

048 o[ 788 200

0,51 |

3,20 =

2,00 = [ 3248 [ 2,00 =

0,51 =

22074 [ 200

= = =] =

0,51 |

|
|
[ =
| =

— — —
=i =il =il

HITIRAETAA

=
=

| Anet)

| Uequivy | Anet)

| U {equiv) | G (eguiv)

| 61347 |

050 | 46450 | 200 |

0,51
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| Opaque parts | Windows
| & J v I & J v | g | n
I | AT I (T | |
[a28,84 ;|| 1,64 j [33888 [ 263 051 = 1=
[ 48,71 | 267 H[ w03 zea g os H 14
= _| — — _| —
=l x| =l =l x| =l
— = — — = —
| Total facade area
(m3
Opague parts Transparent parts
| |
| Anet  |Uiequiy | Aet | Uequiv) | g (equiv)
Lt [ i [ e [ i | |
| 87555 | 168 | 37930 | 283 | 051
After ENCON
g28,84 = 049 [s3898 = zo0=f os ] 1=
[ 4671 = o4 [ 402z zoo= os=[  1
| =l = =l = o | =
Il — Il — — =
| o | = o | =l =il =
= =l = =l =l =
= = = o o =
| Ameh | Uiequidy | Afefh | Udequid | G (equiv
| 87555 | o048 | 37930 | 200 | 051
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| Nmthwest' Hl:u:ufl Fll:u:url

Floor

| Opaque parts | Windows
I a v | & J v | g | n
IR | IS S | TG | |
[62377 [ 164 = [18054 [ zea [ os1 [ 1
[srae [ 267 o[ zrza ] zea ] o051 1
[ S s[Tmss] sesf oma 14
| = | = | |
= = = = = =
| Total facade area
102834 | [
Opague parts Transparent parts
| |
| Adnety | Ugequih | Aned | U{equiv) | o (eguiv)
I | T I | T |
| 67525 | 1,72 | 35300 | 419 | 054
After ENCON
623,77 [ 049 [18054 [ 200 o511
[ s8] e[ zr2a [ 200 osr [ 15
[ = =[mss s oss 14
| =il = o | | = =
= | = | | |
| =il = | =l =il =il =
= = = = = Il
| Afnety |Uiequid | Aneth | Uieguiv) |G (equiv)
| 67525 | 048 | 35309 | 200 | 051

Floor data

Before ENCON

After ENCON |

v A | U

|| P |

TG IR

|
|
oA
|
|

27220 =f o040 [z7zz0 =] o040

=l
=1

__ETe] Intelligent Energy ] Europe



PERI\'QANENT

Performance Risk Management for Energy
Efficiency Projects through Training

Roof

NDHh' Nnrtheastl East' Suutheast| Snuth| Snuthwest| West' MHorthwest ?R'I'Dfil FI|:u:|r|

| Opaque parts | Windows
s | U I s | v Declination
I T I | G| [ dey |
Teosy zas=l[ = = =  =fwom
T I | =
[ = =l = = = =ifsou
- e | | = = -
[ =l =5l =l = = iheww
= | I = | = == = ==
| Total roof area

(]
| Opaque parts | Transparent parts
| Afnety | Ugequid | Anet | U eguivi | o (eguiv
I I | G | I | WG| |
|272200 | 162 | | |
| After ENCON |
so=] osz=]] =1 = = —lwem
Meora= saesl = = =  =fea
- - - - i out
[ A Al = = = =l[wes
- N - —[NENwW
[ = = = = = | EEET
| Agnefy | Ugequiy | Agned) | Ufeguivh | G iequiv)
|272200 | 050 | | |
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Fans and Lighting

Parameter Reference Condition Baseline Sensitivity KWhim®y ENCON After
measure | ENCON

4. Fans and pumps 0.4 KWhim?y

! - - = — =]
Operation period 40 hivieek | 40 _|| 4 +5 hiweek = 004 | 4n _II
Fans 03 wme || 03[ 03| cwme = 147 [ oz
Fumps ventilation 0.0 Wim= | 0,00 _|| 0,00 :|| +1 W= = 1.04 | 0,00 :ll |
Pumps heating 00 wim? 0,00 < 0,00 EII +1Wim®? = 435 0,00 3‘
Pumps cooling 00 Kwhim3 0,00 _I 0,00 _I 0,00 _I
Sum 1 kKWhim?y 0,3 0.3 0,3
0 &M EM % % | w0 = =0 IET=]
4. Fans and pumps corrected  KWhim?y 04 04 0,4
| 5. Lighting 16  Kihimy
Utilization petiod 30 hiweek || 30 = 0 j +1 hiweek = 0,05 | 30 j |
Simultaneous power 100 WMm® | 1,00 _|| 1,00 j +Wim® = 158 | 1,00 j |
|5. Lighting corrected kKWhimy 1,6 1,6 1,6

Miscellaneous electrical equipment generating (“exp

loitable”) internal

heat gain.
Parameter Reference Condition Baseline | Sensitivity kKWhimy | ENCON After
measure | ENCON

|ﬁ.1 Warious exploitable 3.8 KWWhimy

Utilisation period 40 hiweek || 40 = a0 [ vEhweek = 047 | a0 |
Simultaneous power 180 W= | 1,60 _|| 1,80 :|| +1 Wirn® - 209 I 180 jl

6.1 Various ex. corrected KWh/m3y isg 3e 38

6.2 Warious unexploitable 0.4 KWhimy

Utilisation period 40 hiweek | a0 = a0 [ +Ehiweek = 001 | a0 |
Simultaneous power 020 yfm= | 0,20 _|| 0,20 :ll +1 Wim? = 204 | 0,20 :“

6.2 Various unex. corrected kKWh/m?y 0,4 0,4 04

__ETe] Intelligent Energy ] Europe
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Three terms are used to describe the various siionga
» “Condition” describes the existing situation in the building2005
» “Basdine” describes the building as if indoor conditionsrevacceptable

« “After ENCON” shows energy consumption after implementationtted energy
conservation retrofits.

Actual Condition - Calibration:

Parameter Reference Condition Baseline Sensitiity kKWhimy EMCON After
measure | ENCON

1. Heating 74,1 KWhimiy
U - wall 100 wimek || 172 3 1.?2§ + 0,1 WM = 261 [ 172 5|
U - window 285wk || 368 3 3.88:." + 0,1 WimK =126 IECE
U - roof og0 wimak | 182 > 152j| + 0,1 WM = 2,27 [ 162 5|
U- flnor 030wk || 040 5| 0a0 5| woiwimk = 227 [ oa0 S
Form - factor 03z - 0,32 0,32 ?.32
Window area 201 % 20,1 20,1 20,1
Total solar gain 0,54 054 > 0,54j| 0,54 é|
Infiltration 0,50 1/h | 0,56 ;|| u,ssjl +01 1Uh =844 | 0,56 jl
Indoor ternperature 185 °C | 12,7 _|| '12.?:,Il +1 °C = 347 | 12,7 jl
Sethack termperature 135 =*C | 127 _|| 127 5[ +1°¢C = 1266 | 127 _||
Contribution from
yentilation Kihirn?y 0.00) 0,00 000 |
Lighting K@y 042 . 042 042 |
Yarious eguipment Ky 1.02( ... 1.02] . 1,02;|
Sum 1 KWhim?y #,4 #1,4 81,4
Distribution losses 50 % 51 = 84 = g1 =
Autormatic control 970 % Manual - | Manual j Poor +3 %, Manual +5 % Manual =
Sum 2 KWhim?y 96,3 96,3 96,3
0 & M i EM G50 % I 96,0 | 95,0 _,|| || %0
Sum 3 KWhim?y 100,3 100,3 100,3
Energy supply efficiency 890 % || 35,0 _|| 850 _|| || 5,0 _||
1. Heating corrected kwhimy 118,0 118,0 118,0

| LRI Intelligent Energy [ | Europe
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Energy Buddet | Power Budget | EMGOMN Measures | ET curve | Annual consumption

Project Reference building  Y4unuwe
Permanent COY Bacun JNeekH Reference conditions 1987 1.
Climatic zone Enum. 30Ha 3 - Pyce, BUanH
Heating season 2310-15.4
Budget item Reference Baseline before EHCON After ENCON
Kitm? Kithim? Ky Kitim? Ky
1. Heating 741 1180 890 300 118,0 8590 300
2 Wentilation oo oo 0 0o 0
3. DHWY oo oo 0 (1] 1]
4. Fans and pumps 04 04 2 646 04 2 646
4. Lighting 15 1.6 11 51 16 11 801
B Warious 42 42 31468 472 31 469
7. Cooling o0 a0 0 0o 1]
Total 801 1241 9536 M7 1241 936 217
2. Outdoor a a

| [2ETol] Intelligent Energy [ | Europe
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Basaline M odel

The school is under-heated, so to create the Basklodel indoor temperature is adjusted

upwards. As a result the energy consumption fotifgancreases.

Parameter Reference Condition Baseline Sensitivity KWh/mdy ENCON After
measure | ENCON

1. Heating 741 KWhimy
U - wall o0 wirek | 172 o 172 sniwimk = 26 [ 2
U - windeow 265 winek | ses o ses | so1wima =126 [ ses |
U- roof ogn wimek | 182 o 1e2 | sotwimk =227 [ 12 |
U- floor g0 wimek [ 040 > nan = eoqwema =227 [ oan o
Fortn - factor 032 - 0,32 0,32 0,32
Window area 201 % 201 20,1 201
Total salar gain 054 - 054 » 054 j 0,54 j|
Infiltration 050 th [ ose  os | +01 wh =84 [ os =
Indoor termperature 185 "C [ 27 es|l +1cC = 347 [ 185 4
Sethack ternperature 135 °C | 12,7 _|| 135 :II +1 = 1266 | 135 :“
Contribution from
Vertilation Kby 000 ... 0.od . 000] ...|
Lighting ki 042 .. 050 .. 050 _l
Yarious equiprment Kby 1.02) .. 1.20] ... 1,2D;|
Sum 1 kKwhim®y M4 101,3 1013
Distribution losses 50 % 1 = 51 = g1 =
Automatic contral 70 % Marual v | Manual j Foaor +3 %, Manual +5 % Manual -
Sum 2 KWhim?y 96,3 119,8 19,3
O & M/EM %0 % I = I
Sum 3 kKwhim®y 100,3 124.8 124.8
Energy supply eficiency 830 % || 550 :I'| 350 :||| || &5 :“
1. Heating corrected kKwWhim®y 118,0 146,9 146,9

__ETe] Intelligent Energy || Europe
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Energy Buddet | Power Budget | ENCORM Measures | ET curve | Annual consumption

Project Reference building  ¥uunuwe
Permanent CO% Bacun Neekn Reference conditions 1987 r.
Climatic zone Knum. 20Ha 3 - Pyce, BUOKMH
Heating season 2310-154
Budget item Reference Baseline before EHCON After ENCON
KhinE Khim® Kty Kithiim? Kty
1. Heating 741 1463 11058 000 1459 1108 000
2 Wentilation oo 0,0 a ()] 0
3. Dy 0o 0,0 0 0.0 i
4 Fans and pumps 04 04 2646 04 2 B46
A Lighting 16 1.6 11 501 16 11 801
B Warious 42 42 31 469 42 31 489
T Cooling oo 0,0 a ()] 0
Total 80,1 153,0 1153916 1530 1153 N6
8. Outdoor 0 0

| [2ETol] Intelligent Energy [ | Europe
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After retrofit;

‘ Parameter Reference | Condition | Baseline ‘ Sensitivity KWhim®y ‘ ENCON | After
measure | ENCON
| 1. Heating 741 KWhiniy
U - wall 100 wimk || 172 o 1.?2§ £ 00 WM = 251 [ oas >|[ 2850
U - window 265 wimK || 368 >[ 368 = F 01 WK =126 [ 200 >[[ 1955
U - roof og0 wimek | 162 > 1,52j + 01 WA = 227 [ os0 ][ 233
U-flaar 030 wirek [ 040 > oa0 | cotwwmk =227 EE
Farm - factar 032 - 0,32 032 0,32
Window area 201 % 201 201 201
; = |
Total solar gain 054 - | 0,54 §| 0,54:|| | 0,51 i|
Infiltration 0,50 1ih | 0,56 j 0,56 j +01 1ih =834 | 0,56 Z|
Indoar temperature 185 °C | 12'Fj‘ 13,:5ﬂ +1°C = 347 | 185 =|
Sethack temperature 135 °C | 127 =5 135 = +1 °C = 1266 | 135 =
Contribution from
ventilation Kby pooof .. 0.00) .. 0,00 .
Lighting kiwhim=y 0.42] . 050 .. 047 .|
Various equipment kT ®y 102 .. 1.200 .. 113 ool
| Sum 1 KWhimy 81,4 101,3 48,2
—— = =] =
Distribution losses 50 % | &1 _|| 81 = | 6.4 J| 246
Autormatic control o0 % |Manua| jManuaﬂ j Foor +3 %, Manual +5 % |M0dem j| 6,98
| Sum 2 KWhimy 96,3 119,8 53,0
[0amiEM 0 % | w0 s o0 =]
| Sum 3 KWh/m?y 100,3 124,8 55,3
|Energ\,r supply efficiency 230 % || a5 _|| 5.0 _|| || 850 _||
| 1. Heating corrected kKWh/m?y 118,0 146,9 65,0
Energy Budget F'u:uwerEludget] EMCON Measures] ET u:unfe] Annual cansumption
Project Reference building  Schoal
Permanent SO Yasil Levski Feference conditions 1987 r.
Climatic zone Clim. zone 3 - Fuse, Vidin
Heating seasan 2310-15.4
Budget item Reference Baseline before ENCON After ENCON
Kivhim? Kithim? Kvhiy khim? Kvhisy
1. Heating 741 1469 1105 000 650 490 412
2 Ventilation oo o0 a o0 0
3. DHwy 0,0 0,0 o 0,0 0
4 Fans and pumps 04 04 2646 04 2 B46
&. Lighting 16 16 11 &0 15 11 801
B. Various 4.2 4.2 31 469 42 31 469
7. Cooling 0o o0 1] o0 0
Total 80,1 1530 1153 916 71,1 536 328
8. Outdoar 0 a0
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Predicted savings from individual retrofits:

Energy Eludgetl Power Budget EMCOMN Measures | ET u:unfe| Annual cansumption

Project

Fermanent COY Backn Neeku

Reference building YUUNHLLE

Feference conditions 1987 r.

Energy Budget | Power Budget | EMCOMN Measures | ET curve Annualcnnsumptinnl

Climatic zone KNKm. 2o0Ha 3 - Pyce, BHOWMH

Heating seasan 2310-158.4
Parameter KWhim?* KWh
1. Heating: U — wall —29 .50 222 517
1. Heating: T - window —-19.55 -147 486
1. Heating: U - roof —23,38 -176 364
1. Heating: Distribution losmses —-2.486 —-18 556
1. Heating: Automatic control —6.98 52 665

Total 81,86 Iﬁ

Annual consumption
kWWhim?

168

134 4

101 o - Cooling
mm - Yarious

57 ] - Lighting
@ - Fans and pumps

34 mm - DHwW
B - Yentilation

(- B - Heating

Condition Baseline After ENCON
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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 th&\WPan 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 abtual
implemented, 2009 occupancy and weather, and léirathanges made to the school
since 2005.

b) The Post-Retrofit Condition Model was modified uitticame close to actual measured
energy use after retrofit (499 713 kwh). The fimgut and output of thisCalibrated
Post-Retrofit Condition Model” is documented in the files supplied with thisogp

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

d) Since the post-retrofit performance matches priegicAchieved Normalized Savings are
those shown in Table 1 of the M&V Plan, repeatddwe

Achieved Normalized Savings

Annual Savings

ECM (kWh)
M1 Insulation of walls 222 517
M2 New PVC windows 147 486
M3 Insulation of roof 176 364

Automatic control of heating
M4 supply temperature, and 71221
insulation of pipes
Total 617 588

At the school’'s marginal cost for heating fuel o1® BGN/kWh, the first year’s achieved
normalized savings under 2005 occupancy and lomy &&erage weather conditions is 117
341 lev.

The energy and cost savings number shown at theftibygs report are conservatively
rounded down to 2 significant digits.
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