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bensheim MyiuaTrax gaanrasap, TOCAUIH X3PIarKUATUIH ABLY,

engineers Project task and execution

Main Tasks:

e Development of a so called Excelsheet for
generation cost determination

e Use of the simulation tool IPSEpro for the allocation
of variable costs

* Preparation of the software for the performance
monitoring in Mongolian power stations

YHACOH pAaanrasapyya:

* Excel Toouoonon A3sp ynnaBapAsIniAH
3apa/ibir TO40PXONNOX

e XyBbcCax 3apanbir Xxysmapnaxag, IPSEpro
CUMYAAUMNH X3P3rCAMNUT alunrnax

*  MoHronbiH ALUC-yyAabIH r'yMUSTI3ANKT XSHAX
nporpamm 63nTrax

executors:

Execution was done by a group of

e national (UB Audit) called NSTE and

e international (bensheim-engineers GmbH), ISTE
consultants.

Fynustrarung:

e [JlotooapbiH (YB Audit) called ABX3 and

e OnoH yncbiH (bensheim-engineers GmbH),
OYBX3-yyA, rynuysTracaH.

FYMUSTracaH Xyrauaa:

Execution period:
2017.12.01 - 2018.12.30

December 15t 2017 — December 30t 2018
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bensheim
engineers

AUXYC-yyabiH YUALBIPAINNAH 3apAJibiIH XyBaapuUAanT
The allocation of costs in a CHP production
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bensheim Acyypnbir Toaopxoinox: 3apAnbiH XyBaapuaant

eng Ineers Definition of the Problem: Cost allocation

AynaaH, uaxuaraaHbl Tycaaa 5VpTI'31'I
Seperated accounting for heat and power

1. lynaaHbl Tortmon 3apgan (AT3) Fixed cost for Heat (FCH)
e CymK33sHMW AynaaH CoOAMALYYPbIH  3N3rANUNH
3apPAaan depreciation cost district heat exchanger

LlannH xenc, *Kuwaa Hb: uex bypasap Wages eventually

by departments
2. UaxumnraaHbl Tortmon 3apaan (LLT3) Fixed cost for electricity
* T[eHepaTop, TpaHchopmaTop, KOHAEeHcaTop,

Xeprentun MH cncrtem, oeHAep AapanTblH X3Cru MH
13raN UAH 3a PAOanN, Depreciation of e.g. generator, transformer,
condenser, cooling cycle, high pressure parts

o L|,aJ1MH XONC, XUW33 Hb: UEeX 6Yp33p Wages e.g. by
departments

100% - HUIT 3apaan

XyBaapunaraaxrym Torrmon 3app.an(XT3)
Non-allocated fixed cost (FCNA)

XyBbcax (Tyaw) 3sapanbir xyBaapuaax 3ap4ymm
Variable (e.g. fuel) cost allocation principles
DHEePruinH, sKCEPIrMnH, LaxuaraaHol anaaranbiH apryya
By use of Energy-, exergy, electricity equivalent method
1. UaxunraaHbl xyBbcax 3apaan (LX3) to
Variable cost for electricity (VCP)
2. lynaaHbl xyBbcax 3apaan (AX3)
Variable cost for heat (VCH)

2 TOPANIAH 3apANbiH XyBaapwuAanTbliH aib aANHA Hb acyyaan 6UM. the allocation problem occurs for both types of costs
* [Qynaa H/ uaxuaraaHbl TOrTMoO 3apAJiblH XyBaapPUANAAT heat/electricity allocation for fixed cost
* [QOynaa H/ uaxuaraaHbl XyBbCaX 3apA/iblH XyBaaPUNAANT heat/electricity allocation for variable costs
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bensheim

3apANblH XYBUAPAANTbIH 3arBap Allocation Model

engineers
Hunut 3apanyys,
BypTranuniiH 6yTu33p
XyBbcax Tortmon
Tynw, TEXHUKUIAH YC I.M XepeHre, LanuH Xenc, gaartran, MalWnH r.m
Lyya 6yc
XyBaapunax Llyya byc yya
. y P XyBaapunax XyBaapunax
Yinpeapnansac xamaapax sapgan
XepeHre, LanuH xesnc, 3aceap

(reHepaTop, Xeprex uamxar r.m)

UTK
LlaxunraaH AynaaH LlaxunraaH AynaaH
v N
LlaxunraaHbl AynaaHbl LlaxunraaHbl AynaaHbl
YANABIPNINUMH YH || YWUNABIPNIIUUH YHI XOPOHTUNH YHI XOPOHIMNIAH YH3

[apaax 6ynart UTK-unr tonpopxomnnox Tanaap HapunByiaH TannbapnaHa.
The detailed description of the determination of EEF will be done in the next chapter.
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bensheim

engineers

3apanbiH XyBuapnanTtbiH 3arsap

Allocation Model

Total costs

By accounting structure

Variable
Fuel, technical water etc.

Non direct
Allocatable

Costs depending on production

Fixed

Assets, wages, insurance,cars etc.

non-direct
allocatable

electricity

v

heat

Production price
electricity

Production price
heat

Status:

direct
allocatable

Wages, assets, maintenance
(e.g. generator, cooling tower)

EEF

electricity

|

Capacity price
electricity

heat

v

Capacity price
heat

[Napaaxb 6ynart UTK-unr Tonpopxomnnox Tanaap HapumByiaH TannbapnaHa.
The detailed description of the determination of EEF will be done in the next chapter.
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bensheim MaTemaTuK 3arsap sKcen nporpammaap

engineers Mathematical Model in excel sheet

©pTeruir togopxoinox MatemaTuk 3arsap (4agan, 3HEPrumH)  Mathematical Model for charge determination (capacity & production)

L —]
i 15t step/axeuiianxam 2nd step/2 aoxs anxam 3rd step/s aaxs anxam Values from NSTE __values from NSTE___values from NSTE___ values from NSTE___ values from NSTE___ values from NSTE_|
with /wa]with i i i /wawith
based fixed cost allocation
i Tormmon sapansi xysaapunantaa cyypuncan [Gypiran —T T TNT Rt VRt L
L " | TPP3 TPP3 ETPP ETPP DTPP DTPP
20 || Fixed allocated cost power FCP 2016 017 2016 Tor7 2016 017
s Usurraasixysaapurraraza ormon sapap [Tp— 2 — —— = o e EpT—
r Total cost for power y . . . . .
L 585.00
21 y 680.36
L ‘ ixed allocated cost for heat FCH h § i} 4 CTaHUbIH 2016/17 OHYYAbIH TOOH M3/33
axunr ' i Tortmon Ljax yinaspn3nuie xenc Lax(xyescax) producti|3s
d NA costfor power FCNAP ‘ H /
r appe® 22 N Ljax-Hbl Xy4iH YaanbIH Xerc capacity charge eld39 4 powerStatlons 2016 201 7
L r‘wur\“L Fixed non allocated cost FCNA ~ RACESLEAL 100.00
At W TOF ' 38paan”
L mae‘-“‘ g HENNE . ¥ \aaryii TorTMEn 33pAan
L 2 same or different ratie Fixed NA Bstigr heat FCNAH
- Snepru/srcepri/uan.ana A 1688729.38 1791819.56 235861.08 259502.31 445009.02 453257.39
t CoSTHWAT 33pgan 0, Jneprufancepn _ 3neprw/sncenrn/uzx.ana Gyoy anraztan
(7 | 1ol v By, por 33pumzsp =+ xepeusa . Tormmon 70/30 zapnm 45.47 46.76 3098 43.70 44.04 43.27
"n.;b 335, TOAOPXOUNOX XApbUA3 172361.68 175770.24 30382.64 31562.98 47299.61 47648.15
L Yegoy A7 Ratio by gy/exergy/p ordifferent
L 23 st %1 Energy/exergy/powerloss etc.  ratioe.g. constante.g. 70/30 principle 1001494.00 249856.50 271567.00 271673.50 244912.30 249927.90
t corrected by efficiency malus Yoz, principle Lynaanst uuiit ayn 331 1164738 1104683 315832 315956 284833 290666
[ refEfficiency-efficiency g 2 Uaxwnraariol xysscaxsapaan Total cost for heat LP LT 1001494.00 949856.50 271567.00 271673.50 244912.30 249927.90
[ oz 16 o A Variable cost for power vce 1164738 1104683 315832 315956 284833 290666
[ Ctry — — 245299.00 263248.00 0.00 0.00 0.00 0.00
i a, MaaHb! YANAB3PN3NWAHH Xernc (xyabcax)pmdliz 285283 306157 0 0 0 0
262 r/géc‘#@a [lynaakbi xyBbCax 33pAN MaaHsl YaneiH xenc capacity charge heat |22
" o 55 Variable cost for heat LP LT VCH
s“/q, Mynaaksl HWHT AyH 33 2
r Vg Total cost for heat LP HT -
L Sy [lynaaHs! xyBbcax 3appan Ota] cost Tor es 103204902.94 107692428.51 31494395.30 34482343.20 34996452.80 39427266.30
L Variable cost for heat LP HT VCH MaaHs! YiNAB3pNanuiAHH xenc (xysscax)prod 43 1 56282367.21 57332949.64 18904451.20 19412762.60 19582999.90 22368402.20
L nynaaHs! YaAnsIH Xenc capacity charge heat  43_2 | 4919301550 50733776.95 14220569.20 14048723.70 16650933.60 19317571.30
L [lynaaHsi xyescax 3apaan 3807651116 39147655.31 1091383235 10786236.67 12833840.85 14846475.78
L Variable cost for heat HP PS VCH [ ———— 33 3 11116504.34 11586121.64 3306736.85 3262487.03 3817092.75 4471095.52
[ Total cost HP ProcesssSteam 7089351.71 6599172.69 4683882.00 5364038.90 2932066.30 3050830.90
632573674 5889198.75 4192100.37 4856529.67 2612263.35 270486331
u | V¥ AynaaHbi HAMT TOrTMoN 3apAan non-allocated fixed costs of heat VNI allocated by factor 1428847.38 1463588.15 763614.97 709973.94 491781.63 507509.23 319802.95 345967.59
| Total variable costs
261 I_Hm'ﬁ XyBbcax 3apgan (Tynu/waraxyyw) total variable costs (fuel/petrol) T.MNT from account 110241584.85 123010591.10 46560712.57 49966756.12 12482658.10 14938426.40 15413452.90 17058864.10
26 2 |HwiT xyBbCax 3apaan (awmrnantbiH yc) total variable costs (utilization water) T.MNT from account 149445.41 160546.20 361823.16 392722.75 107286.00 131154.20 0.00 0.00
32 | Hwitt uaxwnraanst sapgan Total costs electricity T.MNT [ty+total variable costs electricity + (1 185088115.88 | | 195242540.04 83032383.46 87113725.07 24538260.66 27196701.23 28737088.77 32253192.02
34 Total costs heat total costs - total costs electricity | 2099803552 37160246.36 20172519.48 20578703.44 6956134.64 7285641.97 6259364.03 7174074.28
ElectricityEquivalenceFactor
TR T e o -
.g. from IPSE| tabl,
271 |(Psepro-oop (e-g from IPSEpro or tables) % i factor for low pressure| 10.00 10.00 10.00 10.00 TK El . ival
W|axnnraanb anaargan Ham Aapant, GHAGP TEMAEpaTyR L|| ectricity equivalence facto rs
272 |ipsr (e.g. from IPSEpro or tables) % factor for medium pressu 15.00 15.00 15.00 15.00 yeq
Liaxunraanbl anaaraan OHAGP AAPanT, TEXHONOTIAN yYP
a2 electricity equivalence HighPressure ProcessSteam (e.g. from IPSEpro or tables| 2 e P P 2500 2500 25.00 25.00 25.00 25.00
Electricity charge calculation
Aynaawp xysaapwncan TorTmon aapAnkik 93n3x xyBb | share of fixed costs allocated to total heat production 1
= pan : . proccs 5 bibeshoreot nonllocate feded 929 509 « | XyBaapunaraaarryii T3-blH AynaaHs, HOOT 40X XyBb
LlaxWAraa i Xy uH aANbIH TENGEP (XyBUaPAarAaaryH
. Electricity capacity charge (fixed non-allocated share) H
37 |xocruitn vormwon) MNT/(kW ) 20505.33 21520.97 sx - Share heat costs of non allocated fixed costs
36 |t XyuuH 4apnein Ten6ep (rorrmon) Electricity capacity charge (fixed) MNT/(kW a) 101956.95 105891.26 1923
0 |t Xyuun uapnin TenGep Electricity capacity charge sum MNT/(kW a) 122462 127421 224254 227459 |
38 |4 i Jin Ton6ep (xyBbcax) Electricity production charge (variable) VINT/MWh 16073 16330 22875 23483 B Te]'l 6 (<] pvv.ﬂ' : Char ges fO r
U YaanbiH - capacity
i i+ Ton6¢ . H 3
Aynaaubi ViinaBapnanuiin TenGep (xyercax), Ham aapan, Heat production charge LowPressure LowTemperature(variable) o .
43 |wam remneparyp MNT/Mcal 187 190 266 273 ° a HeDrumH -production
Aynaanet yiinasapnanwiin TonGep (ysecax), Ham papant[ oo L HighT i . p P
43 1 |onaep remneparyp producti g gl MNT/Mcal 2.80 2.85 3.99 4.10 oH
AynaaHb yAnAB3pA>iin TenGep (xysbcax), oRAGP ) ) ) M
432 |napan, iin yyp ProcessSteam production charge HighPressure (variable) MNT/Meal 467 475 6.65 6.83
Zlynaanbl xyuuH Yagnbis ten6ep, Ham gapant, Ham ° U'aXM_n raaH - Electricit
Heat capacity charge LowPressure LowTemperature (fixed) MNT/(Mcal/h a) 490072 4936.69 6524.98 6583.11 y
Dlynaanbl xyuus uapnbik ton6ep, Ham gapan, enaep ° ~ ~
441 |remneparyp Heat capacity charge LowPressure HighTemperature (fixed) MNT/(Mcal/h a) 7351.08 7405.04 9787.46 9874.67 Y nn AB 3 p UNH yy p - Process steam
Alynaanbl Xyuus “aanbik 1on60p, oHAGP AApaNT, ]
ProcessSteam capacity charge HighPressure (fixed)
442 _[rexonorviin yyp pacity charge Hig (fxed) MNT/(Mcal/ha) 1532.49 219187 3995.46 456119 o ﬂ'y_ﬂ adadH Ha N\’ (2] Hp‘e p

Temnepatyp - District Heat low
and high temperature
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bensheim Torrmon 3apanbiH 6YPTraAuniiH XyBaapuaanTbir TOA0PXOMNOX

eng NEERS Identification of fixed costs accounts allocation

MoHrong HUIAT Tortmon 3apanbiH 30%-Minr aynaaHa XxyBaapuaxK baliraa 6a

“70/30 xapbL,@aa” 4 raxk H3PN3A3T. Actual in Mongolia the cost share for heat is assumed to 30% of
fixed cost. This is named also the “70/30-solution”,

TecnniH xaparknntnmH axaHa OYBX3 sH3 xapbuaar gapaax bangnaap TaamarsiacaH.
In the beginning of this project ISTE guessed the ratio.

ratio fixed cost heat/total fixed cost per sector in
%

16.00
14.00
12.00
10.00
8.00
6.00
4.00 ﬂ» I I
Sgg O H_ - ﬁ I Tl . H]\ LA BX3-uiiH cyaanraaHbl yp
TPP4 TPP3 DTPP ETPP average weighed AYH rAac
by production Result from NSTE investigation

m Maintenance ® Depreciation m Personal wages
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bensheim Excel TOOL00ANbIH YP AYH (mecnuliH 3x3H ye)

eng ineers Results from Excelsheet (early project stage)

3,£|,r33p yTrbilr alnriiaH Excel ToouooanbIr Xl/ll‘/JIXIB,CII rapcaH yp AayH:
Using these values the results of the Excel sheet were:

Uaxunraan  3HepruiiH tenbep YaablH Tenbep
electricity production capacity
wo | OUCA/TPP4  OUC3/TPP3  3AUC/ Oauc/Da «o MUCA/TPP4  QUC3/TPP3  SAUC/Er —  [aAUC/Da
50.0 I I 50.0 Z ; - :
7 2016 2017 20162017 2016 2017 2016 2017 7 2016 2017 2016 2017 2016 2017 2016 2017
m production charge electricity MNT / kWh A e s a
14.00 1.20
Alica/Tpp4  AUC3/TPP3 SAUC/Er  DajlUC/Da ALUCA/TPP4  OUC3/TPP3  SAUC/Er  AaflC/Da
12.00
1.00 %
10.00 = _
| | | ‘o 5
8.00 = = =
oso | B = = = E E
' = = = = = =
6.00 - = = = = = =
= = = = = = = =
od0 | &= = = g = = = =
4.00 = = = = = = = =
= = = = = = — =
020 | E = = = = = = =
2.00 1 £ = = = £ = = =
= = =E— =— = = = =
0.00 J . . . o || =2 BHE BHE BE BH E =] =
2016 2017 20162017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017
® production charge district heat MNT/ Mcal  ® production charge process steam MNT / Mcal = capacity charge district heat MNT / Mcal = capacity charge process steam MNT/ Mcal
CynK33HUI aynaaH (ynaaH) YinnasapuiiH yyp (HorooH) district heat (red)  process steam (green)
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bensheim

Excel ToOLOONNDbIH YP AYH (X3p3arnarymiH Tapud 6onoBcpyynax)

engineers

Results from Excelsheet (consumer Tariff development)

Excel-nH TOOUOONNOOC rapcaH 34rasp yTryyabir alwnriaH Toouson Tapud nim bank 6onHo.
Using these values the results of the Excel sheet for tariffs could be :-

LlaxmnnraanH

electricity

Cy/1K33HUMN

,CI,YI'I ddH
district heat

JHeprunH Tenbep

prod n
34 r /Da

® production charge electricity MNT / kWh

UB

1

2016/17 2016/17 2016/17

900.0
s HaanbiH Tenbep
700.0 ca [
o UB [UC/Er RaAuc/Da
400.0
300.0 BB=e=e=s =
200.0 =
100.0 _ —_
V 1 2 3
= capacity charge electricity TMNT per house hold/year
2016/17 2016/17 2016/17

20.00

18.00

1500 l— 3 C/Ef' ﬂ,aﬂ,LI,C/DG 50.0 UB
12.00 =—
Ee=e—
10.00 30.0 e
£.00 =
200 =
6.00 5]
e
&0 100 —
2.00 —— |
.
0.00 . : =
2 3 B
m production charge district heat MNT/ Mcal e . oushold in T T
B capacity charge heat per houshold in year"
m production charge process steam MNT / Mcal
2016/17 2016/17 2016/17 2016/17 2016/17 2016/17

XaparnarynitH Tapmud 60n10BCpyynax Hb 3H3 TOCAUNH XaMpaXx XYP33HA, OPOOTYIM YUMP IHI Hb EPAE6 XKULLII oM.
Price development (tariffs) on consumer side was not in the scope. Therefore this is an example only.
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bensheim ¥uwa3s Hb: Hanover Enercity-uitH Tapué

eng Ineers Example tariffs at enercity Hanover

LlaxnnraaH xanaaryyp, AynaaH yYCHbl Xxanaaryyp 60/10H AynaaHbl HACOCTYM LaxuaraaH
X3P3rnasH nmn AYHAOAX Average electric consumption without electric heating, warm water heater, heat pump

2018 Enercity Hanover
XyHUM"
TOO KBTL/>Kk1n
1 1400 3000

2 2000 2000
3 2700 1000
4 3000 .

Huwas Hb: Brinkmann: 2018 1746 kWh .

ersons 1 Persons 2 Persons 3 Persons 4
AWn epx Private households m kWh/year
720 MNT/KkBTu+180 maH.MNT/xun,
XanaantbiH uaxuaraaH 450 MNT/KBTL, +75
T.MNT/un
YHAC3H Tapud basic tariff
24 €cent/kBTL, + 60€/nN, XxanaanTbliH
uaxunraaH: 15 €cent/KBTu, + 25 €/xun _
2 Tapnd Hb IPUYNM XYHHUIM apuaKaaHaac <100000 kWh commercial

XaMaapHa 2 tariffs are exchange EEX (German power >100000 kWh business
exchange) depending > 15 GWh key account

o

BusHecc Tapudbir gapaax 6angnaap
6a runaHa: Business tariffs are clustered to :

2 Tapnd Hb 3KONOTUA YNTNIICIH 2 tariffs are
ecological orientated
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bensheim
engineers

TepmoguHaMMK TOOLL00A/bIH nporpamm awurnad UTK-nur
TO40PXOUNOX Hb

Determination of the EEF using thermodynamic calculation software
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bensheim LTK-niar Togopxonnox sapumm

engineers Application for the EEF determination

Huiat yisnasapunH yyp 6010H gynaauyynrbiH aBaarbiH Yyp Hb LAXuaraaH YUAABIPAINA awmrnarapar
-> KONIZIEKTOPOOC aBaxX YYpPbIH 3apuyyaant Torrmon 6anHa.

all extraction steam for process steam and district heat is used for electricity-> steam flow from collector constant
“Nynaan”: yina.yyp + AynaaHbl CyNXK3 “AynaaHryi”: ying.miin yypryi, AC-ryir. Konnekropooc
Konnektopooc aBax yyp makcumym 6anHa. aBax yyp Makcumym, KoHaeHcaTtopT bapar 6yx yyp ouHo.

Case ,,Heat”: process steam + district heat Case ,,Heat Off“: No process steam, no district heat. Maximum steam from
Maximum steam from collector collector, virtual steam to condenser

S — ] Ov P [dynaaHTam —E

o el o Tareon s s _ LITK/EEF Hexuen

g0 | 3448 55 s - “pfoa : :
- % 1450 | 3450 o0t _ Dataset 2

i TE2 522-9'|memracrrsz_3 437 |denap| nn‘ ‘ .Dataseztssaewu ‘
Lo . B = - o 6 | 5245 [ oract 162 3] 2510 flekap| 00| o
1560 | 936 ﬁ :% ‘ 3 2 |d | ‘ 3.088e+0(
1504 | 2175 1560 | 968 i |
o] 5
i

h“ 252 1504 | 2246 P W
AR ED
o o are]
i e 3

‘ ] i = gl Sl
Em o 86 | 13- b oo | 30s6 TU_| 289 o S H
i T 0-l-2900

&l 69.4. | 440 . | 259 | 2052 o 5] -302: 8-} -228- | 85 [
1 : 120 | 10f4 88 | 2523 & 00 | 330 09- | 306
130 [ 40 R

[fr it
1560 | 476 1 mass[tfh'h[kJ!kg] " .
99 | 698 ] ploar | €1 g ©20201uliH caH 1 156.0 | 3476 {1 mass[t/hjhk./kg] 626201uliH caH 2
) o 4.7 —’—q T o . . .

37.1 | 2952 72
;

85|28

10000/ 461 1000.0 | 29 [ sl R |
.88 || 1098 . T a0 | 704 —_— . | B 7.0 294 770 | 294
[ 9.0 |[ 701

90 [ 701 —

il
=

ﬁ L e —>
1560 | 735 832 ] 517 09 | 2962 15.0° | 29 ik T mt —>
1535 | 718 87 | 1231 77 (502 87 1560 | 732 164 | 911 0s | 3068 0.0 | 3086
: -r - 1536 | 171.0 130 | 1916 R 56

3036

Heating syster

water exit Heating systen

water exit

AXWUIraaHbl TIHLBIPXKYYNIY -
1 HBIpAYY P,El,ynaaHry:f/L P,El,ynaaHTaﬁ__ Q:()’ P

Ko3¢ LITK/EEF = == OynaaHryi

Page 16

Status: 16.05.2019 Karsten Brinkmann




bensheim

- A4 A\
engineers Typ6uHbI CUMIONALMNIAH YP BYHIUIAH HITTIIN
EEF factors calculated by IPSEpro single turbines status:
date of run 18.09.2018 18.09.2018 18.09.2018 24.09.2018 18.09.2018 18.09.2018 27.09.2018 18.09.2018 18.09.2018
TPP4 TPP4 TPP4 TPP3 TPP3 TPP3 TPPD TPPE TPPE
Nr 156 234 7 1234 5678 9 1234 1 23
. P-12-35/5M
Turbine Type PT80_130_4 |T110_120_130_4{120_130_130-M(Q PT-12-35/10M | PT-25-90/10M | €50-8,8/0,294 | PT-12-35/10M [ PT-12-35/10M (
electricity MWel 70.391 104.491 121.051 11.864 24.960 46.079 11.864 11.864 8.4
EEF IPSEpro cases
fno district heat DH - 11.385 13.993 11.857 13.786 13.346 12.453 13.786 13.786 0
only Low temperature DH - 9.362 10.004 9.901 8.844 10.700 - 8.844 8.844 0
Ino process steam PS - 21.195 - - 16.240 17.411 - 16.240 16.240 13.025
Ino DH, no PS - 14.025 13.993 11.857 11.502 14.114 12.452 11.502 11.502 (0]
Qth Process MWth 35.325 0.000 0.000 1.087 10.739 10.007 1.087 EE F resu Its =
Q District Heat MWth 90.206 69.851 90.207 42.113 46.181 129.142 42.113
m Steam t/h 379.0 480.0 545.0 108.0 156.0 246.0 108.0 LlTK Yp AYH
Process steam massflow t/h 50.0 0.0 0.0 5.1 15.0 0.0 5.1 5.1 5.1
Process steam pressure bar 13.0 - - 9.0 4.6 - 9.0 9.0 5.0
Process steam temperature °C 191.613 - - 270.800 -
district heat mass flow t/h 1500.0 2200.0 1500.0 600.0 400.0 600.0 -
district heat inlet temperatur{ °C 55 55 55 65 55 65 65 65 -
district intermediate temperg °C 90 90 90 90 90 110 100 90 -
district heat temperature °C 110 110 110 125 110 177 120 125 -
pKo bar 0.080 0.080 0.080 0.080 0.040 0.080 0.080
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bensheim IPSEpro-PSE nporpamm xaHram:x

engineers The software IPSEpro-PSE

IPSEpro’s PSE Hb ereraiviiH caHryyabiH 6ypanasxyyH Xacryyasg, CyypuicaH NpoueccbiH 3arsapbir 30XMOX0A4,
awmurnagar. 3arsap 30XMoXA00 MEHIOrac 6ypangaxyyH Xacryyauiir coHroopg, cxemp, 6atpnyynHa. Cxemp, 6yx
M3A331UIAT WyyA opyynax 6010MKTOMN.

PSE Hb XypAaH, HanaBapTai aHaIU3 XMUX34, 30pUY/ICAH MaTeMaTUK apryyaTai.
IPSEpro’s PSE is used for creating process models, based on components from a library.

With PSE’s flowsheet editor you build models by selecting the components from a menu and placing them in your scheme. All data can be
directly entered in the flowsheet.

PSE provides robust mathematical methods for fast and accurate process analysis.

Pstpro P =% |

ODEMd| @&aadl® |
AnrebpuiiH TSHUITraN 6010 OHOBUTOMN == i [* ﬁ ﬁ o ﬁ [Tt §
WWNIA3N raprary 0 - : : Bl Ry
Solvers for algebraic equations, optimization | & | el

55 A ===l
3arsapblH caH gaxb 6YpanasxyyH =l 2
X3CTYYANNT TONOONCOH LIOHXYYATaN == o
Icons representing the components in the 3 EZ;E‘*;.. .

-p ’ g ti B

model library =0 o L i
CxeMm yycrary TeXHO/IoMMmH gl = ol
3arBapbliH rPaPMKMNT 30XMOHO. o o o
Flowsheet editor for setting up process Bl () = e
models graphically — { @ Rl DML

i ‘ o l‘ o A4

O ,Microsoft“powerpoint, excel —Tau agun awmrnaHa.

Handling is with a ,,Microsoft“feeling like powerpoint, excel etc.
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bensheim PUMM XYYHUI MHKEHEPUIAH CYPryynb A33p awmrnaxk 6aitraa 6anpan

engineers Use at Power Engineering school

[YMAAHB LAXUITAAH CTAHL|
BOANOIbIH XYPAAMX

|

130 131

dpUNM XYHYHUIN UHKEHEPUNH cypryynb 2016 oHOoOC awunrnax
6aiHa.

e CypranTbiH xeTenbepT TycracaH.

* bakanaBp, MarMCTpUIAH WaNranTaHg awunrnax 6anHa.

e CemecTp 6yp 100 rapaH otoyTaH awwmnrnax bairaa.

e MDK mogynunur awmrnaH
LWMH3 6YpaNngaxXyyH
Xacryyammr
6onoBcpyynaxas
awmrnax 6anHa.

Typ6uHbl TOOL 00100 6YyXMit rapbiH aBnara, PES, 2016
From Handbook including turbine calculation Issued by PES in 2016

’*‘Pictq\ne from training lesson 201
[ T eaa—
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TypbuHbl TOAOpPXOUNONT

Turbine identification
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bensheim FynusTranumr xaHax: U3OHTOPUK TYPOMHYYAbIH Yp awunrran 6ananbiH XKuwsd

engineers Performance monitor on the example isentropic turbine efficiency

Turbine type Num power Inlet Extract ExtractLP | Steamrate Steamrate | Eta Turbine
ber steam steam electricity heat
ata C MW th th Kg/kW kealkW % 100.00
4 PT-80/100-130-13 3 130 555 80 470 185 132042 587 2400 60-70 5060
4 T-1001120-130-14 3 130 585 100 485 215
4 T-120130-130-8MO 1 130 555 123 80.00 ETPP4TL
Added?7? 2 20 70.00 - ETPPAT2,3,4
SubTotal 7 663/703*
u
3 C50-88/0294 1 % 535 50 246 819 1401180 4,92 2139 70 60.00 - 1EFaTs
3 PT-25-90/10M 4 90 535 22¢ 157 7050 50 63 2540 59,9 B TPPATS,TE
3 PT-12:35/10M 4 35 435 12 108 50 40 50.00 ETPP3TIT2T3TA
SubTotal 9 198/186* pro T
2 K635 2 35 435 6 27108 453 2928 266 ’ mTPP3T5,T6,17,T8
2 PT-12-35/10M 1 3 435 12 108 50 40 207 3100 525 30.00 = TPP3T9
SubTotal 3 24
BTPPDT1,T2,T3,T4
D PT-12:35/10M 4 35 435 12 108 50 40 20.00 - - PR
SubTotal 4 48 TPPET1
10.00 -
E  PT-12:3510M 1 35 435 12 108 50 40 14,2 700 84,2 = TPPET2, T3
P-12-35/5M 2 35 435 84 73 0.00
SubTotal 3 36(28,8* 1 P 3 4 5 6 7 ] 9
Lot 28 2671900 Turbine stage per turbine type TPP4, TPP3, TPPD, TPPE
T-123-130 423 2130 70
T-100-130 485 2272 70-75
Turbine Identification status: 12 12 2018
TPP4 TPP3 TPPD TPPE
nomnal values et T234 7 ™6 | TL,23,4 | 15,678 ™ T1,2,34 T 73
mSteam t/h 200 480 550 as7 108 158 58 18 108 95
Pel W Bl W00 15 100 12 25 50 12 12 8
IPSEpro
m Steam t/h a7 410 515 530 108 158 246 a1 108 E5
Pl NIWE 7408 99,43 121357 23578 5014 21115 46.073 12.156 15384 2.4
QDH TN 3735 0 9% 205 0 52652 64.287 23,056 11643 0471 0
Gaal/h 20 0 23 0 304 55.000 111 10.011 3,004 0
t H o 110 55 110 55 120 120 130 120 120 55 ALC-bIH M3033131 033p YHOICA386.
Ps TN 139352 0 0 183,851 55238 155% 0001 1289 5924 75731 .
p PS bar 13 113 132 13 El 53 25 3 El 4 e Beecinutie waneax,
t PS C 267 263 56 257 129 00 247 319 129 22
AddWater | nwth 27.358 0 0 27342 7.591 2177 o 0178 0952 9.953 6amaﬂaaamyynax
C 102 102 110 102 a0z 102 102 102 a0z 30 o
L[]
p cond bar 0.08 0.08 008 008 004 0.060 0.06 0.04 004 008 xcun meceemsu myp6UHyyab’H
stage TPPATL TPPATZ,34 TPPATT TPPATS,TE |TPPITLTZTST4TPP3TS, 76,1778  TPPIT®  [wPOTL, 2,574 TPPETL TPPETZ, T3 XOOpOHa Xxapoeyyynax
control wheel 5800 58.00 SE00 SE00 5201 60000 G000 52.00 52.00 5200 "~
1(70bar} .00 8931 EUTE 74.00 6034 0,00 waapaﬂaeamau'
%_ 2(33.6bar 5000 B2 74D S0.00 5803 B82S 8800 ar.25 58.08 5200
E 3(218har) .00 5190 57.32 5200 2860 5,00
E 4{1.1..3&&'} 7500 .14 B250 7a00 2922 BD21 8500 TLEL 2.2 6200
; 5(5.4bar] T5.00 B86.25 T500 TEOD TasE S0UE0 8500 TLEL B0.OD
E &(2.8bar] T5.00 TE.50 T500 TEOD 8632 3852 700 &2.00 85.32
2 7{0.8har) =m0 =50 7500 7600
£ &(0.2bar) 75.00 7050 75.00 75.00 6188 6800 100 &2.00 £1.09
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“Loruy, moaenb”-nir awmrnax Ho
The use of “Total models”
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bensheim Typ6uHbI TOAOpPXOINONT

engineers Turbine Identification

CumynAUMMH MOAENNINAT 30XMOCHbI Aapaa NAapPaMETPUNT OPYY/IXK IXI/THI.
After generating a simulation model the parameterization process starts.

XanbapuwyyncaH,
napameTpUiH yTra opyynaxbiH

OMHOX CXeM
Simplified, pre-parameterized scheme

.8bar l

)
Distric at
1000t}r§§

6, 157°Cbar
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bensheim Llory, moaenuniar 3oxmox Hb (Muwsa: ALUC-3-6/4X)

engineers Development of total models (example TPP3-HP)

TaXK33NUNH YC/feedwater

Yyp / steam

XanaarymitH KOH,qEHcaT/pre heater condensate

NeaspaTtop/deaerator

TaX33UH YCHbI HaCOC/feedwater pumps

T a1
S Rt
- F%
v L
4] o
S e e
<arg cen

34uUcC, AAuc, AucC-3 HOX-nnH moaenyypn 6aitraa 6a YYHMIAr HYYPCHUIA HUAT 3apLUYYNANTbIT

TOA0PXOMNO0X0A, aWwnrnax 6010MKTou.
Such models exist also for TPPE, TPPD, TPP3-MP and can be used for determination of the total coal refence consumption
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bensheim Orergen opyyncaH cxem (SALIC-MitH XaMKUrA3XYYHUIA Tecen)

engineers Scheme with data input (measurements draft Erdenet)

Moaenuir onoH Tep/IMNH rapaac opyyaax ytraap togopxomngor. TagraspuitH 50 rapym

XYBb Hb CUMYNALUUNH MOAENMIT allnUrnaxaa XxaparTaun.
The model is determined by a number of set values, from which roughly 50% are relevant for the use of the
simulation models.

Byx yTryyabir xarcaaHa:
All values are listed:

* [apaac opyynax yTryya;: @ [apanTt pressure

B set values: Input data - © Temnepartyp temperature
[ fct
| WwnkyyncaH yTryya: rapax erergen | @ 3apuyynanT Massflow
3 converged values: output data - @) Uax. acan gynaaH Electricity or heat
ot Gl e R gl @
3z1}] <streanliic mass> 1E5.3 converged o
[3221] <atreandiib.pe 1.3 converged . .

&0 =mat
251,25 converged
D.E3121 convergead
O, p1017 converged
100 gat
1.2 asat
104 .78 con
438.3 convergad
1.3608 converged
0.0010472 converged
274,17 converged . . . - - - : - L
35 set =
434.37 sat
3302.21 convergsd
€.9572 converged
SIESEE3 converdged
S0 ser
35 aet
434.37 aat
330E.3 converged
€.9572 converged
LO0B9883 converged
50 set
5 convergad
26831 .41 converged
3030.Y convergad
T. 4008 converged
0.50671 converged
45.473 converged
a nnac i e o

[3Z23] <atraamliib. >
[3Z4] <utreamdIib, he
<8t raaalliik. s>
idZ&] CotrsamlIdb. v
[337] fgtreanmliib.mang>
[323] <prreandiia.p>
[325] <grraandiia. o
13240] <ptroambila.h>
331} <gtraambila. s>
<atroamiila _vd
<otroanlila masg>
[334] <otroamD58a. po
SEa.t>
+h>

Ll
L
L0

L&
L
ha

(=]

[34a] st raanl5ib . po
[341] <gtraamlsEb. >

Lr
s
o
o

145) <atraasiSib. mass’
[34E] <atreamlida.p>
347] <optroambida t>
J48) <atroamliida h>
[34G] £t roamlIda 2>
F3S50] Lt roanlIds. v
[361] Catrmanlida.mans>

FRETT FIETAPRSRRE 1 T T

FEHERA MR R REEH R RN HHRHRREEE KRN R R AN R
Lt
1=

PR R RER NN R R E NN NEREEYY LN

@ Emxt b'Watreg Ewers ariy ¥ i Eamch
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engineers

Mogpgenb:
Model e.g.
e XxyBbcaruy/variables
é e opyynaxyrtra/set values
~. *  XamruiiH nx opyynax yrra/max input values
*  Mogpgenwir awmrnaxag oviponuooroop 50 ytra opyynHa.
[relevant for use of the model about input values

&. .
g

AA-viH ALC-3, AALC
TPP3 MP/ TPPD

2849

148

119

50

bensheim Huwsa: AUC-3, AALUC-bIH AyHA AapanTbiH LOry mogenb
Example total model TPP3-MP, Darkhan

34ucC
TPPE

881

>

[N

Hrmaan s -11is

&T
x| mmesex ||
s it
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bensheim Llory mogenunir awunrnaxoiH gasyy Tanyya

engineers Advantage from using Total Models

flaraag, “uyory moaenn” xaparram 83?
Why are ,total models” needed?

CTaHUbIH Npoueccbir 6yxana Hb TepmoauHaMUKNH 1 6a 2 ayraap XyyamimH garyy aBy
y3anor!

They consider 1st and 2nd law of thermodynamics for total plant!

[aByy TanyyA: Advantages:
e [laH 6anaHcaac 3aMNCXUNXUNH TYNA4 uory, 6anaHcobIr allnrnagar. total balance for avoiding single

balances

* YHAC3H M3433/1/1yyAU nr o PYYANAar. betermination for reference behaviour

* 3apuyynant 6010H TeEpMOANHaAMHU KUWH 2 ayraap xyynu nr Xapran3aH ysgasr.
(TeMﬂ epaTtyp, 4apantbiH yH afIT) Considering massflows and 2nd law of thermodynamics (temperature, pressure drop)
*  X3MMC3OH YTryyablIr WaNragar. checking measured values

e Hexuen 6banpgan, anaaranbir XAHAAAT. Monitoring conditions and losses

* YWn axkunnaraar cau KpPyynaar. improving operation

e (Cap TyTMbIH Ay/aaHbl HanaHchbIT ra praxagd 43MxXnar 60ﬂ,£||0 I'. Supporting monthly heat balance

e LUwuHaTranN, GpFGTreﬂMVIH cypanraar asyynaxaz, ,D,3MT3%. Supporting studies for modernization and new
erection

[5BY 36BXOH MO,D.GI]MVIF 30XNOXA00 6VC ron Hb Laalld Hb X2P3rn334, TOPAOXbIN dHXAaadPHA VY.
But the models have not only to be created but also to maintained.
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JIyrHaANT, UaalabiH YA axknnnaraa

Summary & further procedure
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bensheim AYrHaAT, LaawAblH YA aXKuanaraa

engineers Summary & Further procedure

“Excel Toouoonon”—bir craHuyyablH 3apaang CyypuacaH TOFTMOJ, XyBbCax 3apAabir
ToAgopxomnnoxoop 60n10BCPYY/ICaH.

JH3 TOOUOO/NbIH MPOrPamMm Hb HIMAYr33pT OYTI3rAdXYYHUM HUNT YUAABIPAINNNH
3apAabir XyBaaraaj, fAapaa Hb  AynaaH, UaxuaraaHbl 3apA/iblH  XyBaapWAanTbIr
OUNTOMMXKTOW B6ONITOH XyBaapwuaaxaap banpayynaar matemaTuK 3areBapbir alumMrnaaar .

Tecnnnr xaparKyynax Aasugaa Aapaax XY4YuH 3yWacuinr xapransaH Excel Toouoonnbir
epreTreceH. YyHA:

*  H3M3AT YCHbI X3P3r/133r Xaprani3aH y33x

* UTK-miH ynupnaac yyasntam eepuynenTMmr xapransaH y3ax

e [ap apraap UTK-mniur Toouox

e Tortmon 3apAafiblH cyaanraa XMmx

e [YWU3TrANINT aBY Y33X 33P3r OPHO.

The so called , Excelsheet” was developed as a tool enabling the user to determine fixed and variable prices based on costs of a powerstation.

The tool follows the mathematical model which first splits the total generation cost and then compose it in a way that a transparent allocation
of the costs to heat and electricity could be done.

Especially the Exelsheet was extended during the project for:
. Consideration of additional water

Consideration of seasonal variations of EEF

Manual EEF calculation

Investigation of fixed costs

Performance consideration
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bensheim LlaawAabliH yiln aXKuanaraa - COHronTyya

engineers Further procedure - options

OUXYC-biH YVUNAB3PA3ANIAH XyBbCaxX 3apA/bir AyNaaH LaxuaraaHbl 6yTasrgsaxyyHa,

XxyBuapnaxapg, IPSEpro cumynaumiiH nporpammblir alumMrnacaH.
For the allocation of the variable CHP generation costs to the 2 products heat and electricity the simulation
software IPSEpro was used.

BanaHcag nporpamm XaHramXuimr awmurnaxbiH ron Aasyy Tanyya:
Main advantage of using software for balancing are:

e LUoru 60n0H xaanttan 6anaHcbIr Xminx 6010MKTON
Total and closed balancing possible

e JlaH 6anaHcag awmrnax 6010MKTOWN. Island balancing possible
e XaMXKWUNTUNH HapMi/'qunan bIl Wanraxan Measurement accuracy checking
e XaMXu I',£I,3XYVHMI7II' 6aTan raaXXyynax Maintenance of measurements

e CaMXKpyyncaH ymna axknnnaraaHol rOPMMbIT XapbLyy/iax 3amaap YHIN3X
Evaluating modified operation modes by comparison

e LUWMH3YN3NMWH Yp AYHT YH3N3X  Evaluating modernization measures
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bensheim IPSEpro nporpam xaHramxunur MoHron yncbiH AYT-T awmrnax Hb
engineers IPSEpro application at the National Dispatch Center

Tyc paanrasap Hb Yb, [lapxaH, dpa3HITUNH
LAXWAraaH CTaHUyyAblH OHOBYTOM YA

I aXXunnaraar Aamxunxsg opwmnHo
, Task is to support for optimized operation of the UB, Dakhran,
Erdenet powerstations

2018 oHbl 3-p capa 30XMoH balryyncaH

cemu HapMﬁ H Y3YYN2I4T
Specification workshop March 2018

ONOH Tanpg yun axkunnaraa 2015-2017 Diverse activities

nporpam Cyyarant, aHxXaH WatHbl cyprant end 2017 Installation & basic training

ONIOH Tanpg, 3areap Cyprant (ApuUnm Xy4HUit XaMHINTUIH ¢aKTop) 2018 trainings modelling EEF
6yTaH 6a xarac ayaannbiH 3arsap 2018 Full load and partload modelling

WKH3 ToHornonyya 2018 New components

ropuM Xer:KyynardmiH ereraaniH caHr axnax March 2019 Start development optimizer Library/
cyprant 2019.3 capa, Training/cypzaam March 2019

Cyprant 6 capblH CyyA, 5 capblH 3x33p Training/cypaaam end of June

cyprant 9 capbiH cyyn 10 capbiH 3X33p Training/cypaanm end of September/beginning October/9
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engineers

Conclusion

Excel mooyoonnsiz yH3 moodopxolisiox 60s10H
IPSEpro cumynsauuliH xapa2canutie auwuz2aaxao
X3pP32/13H3.

e X3p32canyyod Hb baliHa

e Muws3Hyyo baliHa

e [laawuod 2yH32ulipyynsH cyoaaxao
waaponazamad Yadsap b6alHa.

o X3pszn324yuliH epynnutie batieyynaH cyp2acaH

e OYBX3 60n0H [IBX3 bonomuematu baltizcaa

9ar3s3p 6010MKYyyAbIT awmrnayraasn!
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bensheim AyrHant

engineers Conclusion

For the Excelsheet for price determination
and
For the use of the simulation tool IPSEpro

e Tools are existing

e Examples are existing

Skills for further investigations are existing
e User group was established and trained
still ISTE and NSTE are available

Let’s use these opportunities!
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AHXxaapan XxaHayyAacaHa mal ux 6aspnanaal

Thank you very much for your attention!

Brinkmann.Karsten@t-online.de
Karsten.Brinkmann@bensheim-engineers.com
+49 175 5438014
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