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1 EXECUTIVE SUMMARY 

This report IS the results of the energy audlt at the Open Joint Stock Company "Reinforced Concrete Parts 
Manufacturers No 2" completed in July 1998 The audit was carried out m close cooperation with the Energy 
Department and maintenance personnel of the Company Officers of OAO "Novoslbwkenergo" prov~ded 
efficient assistance durlng the course of the aud~t 

D~agram 1 1 below shows a total energy consumptlon structure of the Company, wh~ch represents the percentage 
of var~ous utillt~es consumed by the Company The dlagram IS based on the deslgned energy consumptlon for 
1999 Accord~ng to the diagram, the Company consumes 3 types of ut111tles coke, coal and electr~clty 

Diagram 1 1 Energy consumpt~on structure 

5% 
El ectr~c power 

In addition to the ut~lity structure, ~t is Important to understand the structure of energy payments as shown In 
diagram 1 2 The Company's main expense 1s the cost of coke - 75 2% w~th electric~ty amounting to 14 6% and 
coal 10 1% The prlce of water IS negl~gible because the Company has ~ t s  own artisan water wells 



D~agram 1 2 Utility costs structure in 1999 

Electr~c power 
I 4  Ro/, 

Water 
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As a result of the energy audit the following energy efficiency projects were identified 

Table 1 1 Energy effic~ency projects 

The total reflects the effect of implementing all projects The implementation of the proposed measures wlll 
make ~t possible to decrease the Company's energy consumption by 26 7% It w~l l  also decrease the ut~lity bills 
by 5 8% m relation to the projected energy consumption m 1999 (In the tariffs as of July 1998) 

Project 
~nvestments, 
Rubles ($US) 

Energy savlngs, 

G J I thsnd rub ($US) 

N2 Payback 
per~od 
months 

Descr~pt~on 

0 

4 

3 

4 

3 

3 

3 

2 

147,000 
(23,300) 

5,300 
(815) 

59,250 
(9,405 
45,000 
(7,140) 
142,500 
(22,600) 

222,650 
(35 340) 
42,376 

(71,805) 
664,076 
(95,606) 

24,600 

-- 

9,900 

7,525 

23,800 

37,100 

75,600 

178,525 

No cost and low cost projects 
-- 

1,500 
(238 1) 
11,290 
(1,792) 
15,000 
(2,380) 
25,856 
(4,102) 

40,960 
(6,500) 
100,000 
(15,873) 
194,606 

(30,889 8) 

1 

2 

3 

4 

5 

Middle 
6 

7 

Use vent-steam from the deaerator to 
heat treated water 
Install reactive power capacitors 

Insulate un~nsulated pipes 

Reuse steam from the pressure chamber 
m the S~licate Shop 
Insulate the pressure chamber in the 
Sllicate Shop 

cost Project 
Insulate the pressure chambers in the 
Foamed Concrete Shop 
Decreasmg a u  mflows in boiler No 8 

Total 



2 INTRODUCTION 

The energy audit was carried out by a group of engineers from the East-West Energy Agency (Moscow) within 
the framework of the USAID project the "Introduction of Energy Effic~ency Technologies and Market Reforms 
m Russia" (Contract No CCN-0020-C-00-152-00) The purpose of thls audit was to analyze the energy use, 
evaluate utility costs, Identify inefficient sectors, and develop a comprehensive energy efficiency program 

Data on energy usage, process equipment, equipment operation parameters, and the current status of 
energylutllity dlstnbution systems, etc was gathered durlng the onsite work T h ~ s  data was analyzed, 
systemat~zed and presented In t h ~ s  report Data collection was carrled out by means of direct measurements, for 
example, measurement of the capacity of power consuming equipment Calculations were based on des~gn and 
normative documentation as well as lnformatlon given by malntenance personnel State-of-the-art portable 
equipment from Western manufactures was used for dlrect measurements 



3 DESCRIPTION OF THE COMPANY AND TECHNOLOGY 

3 1 General descrrpt~on of the Company 

The Novos~blrsk "Remforced Concrete Parts Manufacturers No 2" a located m the Pervomalsk D~str~ct  of 
Novos~b~rsk and produces construction materlals and relnforced concrete structures There are four plants of 
thls type in Novoslb~rsk The Company was founded In 1964 The following a a descr~ptlon of the maln 
productlon areas 

1 Gas-Foamed Concrete - Shop No 1 Foamed concrete set m pressure-chambers producmg reinforced 
concrete wall panels, ce~hng panels and non-remforced parts (wall blocks, thermo-msulatmg panels, 
etc ) 

2 S111cate Concrete - Shop No 2 Slllcate-concrete 1s set m pressure-chambers producing 11me-stone-brick 
and tiles 

3 Reinforced Concrete - Shop No 3 Wall panels for varlous types of buildmgs are produced In the 
Carcass Sect~on of the shop metal reinforcement structures and fillings are welded 

Auxll~ary productlon Includes lump-l~me calclnat~on and llme mllls In shop No 5 The Company's mam and 
aux~l~ary workshops and departments, whlch do not produce goods, Include the transport-feed stock shop (No 6), 
the repalr-construction sectlon (No 8), the repalr mechanical section (No 9), the electnc-mechan~cal sectlon 
(No 10) and steam-power faclllt~es (No 11) 

The Company uses purchased feedstock and baslc materlals Cement IS dellvered by truck and rallway from the 
Iskltlm Cement Plant located 55 km from the plant Rlver sand 1s delivered from a sandpit located 8-10 hm from 
the plant Llme, for process purposes, u produced dlrectly at the Plant 

Steam for process needs communal cllents and auxlllary purposes 1s produced by the Company's bo~ler house 

Presently, the Company IS reconstructing almost all ~ t s  baslc productlon shops Work a bemg conducted in 
conjunction wlth repair work from a major accldent m the utility system, whlch resulted m the plant belng shut 
down for nearly three years 

In the course of reconstruct~on ~t 1s planned to sw~tch to a new product~on technology for tile In addalon, a new 
technology was developed whlch improved the qual~ty of the foamed concrete 

Only the l ~ m e  shop was operating m a normal mode while the energy aud~t was belng conducted The sillcate 
shop operated per~od~cally The gas-foamed concrete and heavy concrete shops were shutdown to repalr the 
processing equipment These shops should resume operation m December 1998 

The Company's 1993 monthly production output by product llne 1s l~sted m Appendlx I 

Table 3 1 1 l~sts the product~on output and the staff levels for the penod of 1993-1997 



Table 3 1 1 General Data on the Company 

The table shows a sharp decllne m productlon from 1993 until the plant was shut down m 1997 

Table 3 1 2 provides the cost structure for productlon in 1997 

Table 3 1 2 Product~on cost structure per unlt expenses 

Accordmg to the table above the percent cost of electr~city and water rn the production cost has dropped from 
48% in 1993 to 21% in 1997 

Un~ts 1993 N? 
nln 

3 2 Productlon descnptlon 

Name 

1 

2 

3-2 

1 

2 
3 
4 
5 

3 2 1 Workshop descrlpt~on 

1995 

Unlt expenses 

Production costs, rncludlng 
feed stoch and materials 
Fuel 
electr~c power 
Water 
Payroll 
Socral securlty deduct~ons 
Deprecrat~on 
Other expenses 
TOTAL 

Share, % 

The layout of the Company (see Fig 3 2 1) shows the location of the productlon buildings and the basic utlllty 
facilities 

Marn product~on output 

1996 

Precast concrete 
Lime-sand brick 
Gas-foamed blocks 
Lrme 
Thermal insulation 
T ~ l e  
Commerc~al concrete 
Average StafSLzst 

1997 
35 2 
22 9 
4 9 
7 4  
0 

44 4 
17 6 
-- 

2 8 
100 

1993 
40 2 
16 3 
4 5 
19 4 
0 07 
23 2 
10 4 
1 2  
25 
100 

1997 

1995 
32 4 
24 2 
2 3 
4 1 
1 8  

16 7 
6 6 
16 9 
27 4 
100 

thsnd m3 
million pcs 
thsnd m3 

thsnd tons 
thsnd m3 
thsnd m2 
thsnd m3 

people 

-- 
-- 
-- 
-- 
-- 
-- 
-- 

289 

15 750 
7 672 
18 017 
10 866 
16 720 
53 781 

-- 
63 6 

0 051 
1 1  

0 436 
4 04 
2 372 
7 406 
0 32 
459 

0 022 
-- 

0 144 
-- 

0 912 
-- 

0 069 
279 



Fig 3 2 1 Layout of the Company 

Feed-stock (transport) shop No 6 
Administrative buddmg 
Foamed concrete shop No 1 
Repau-construction shop No 8 
Reinforced concrete shop No 3 
Carcass sectlon of shop No 3 
Commercial product~on storage area 
Laundry 
Central Distrlbutlon Station (CDS) 
Electr~c shop No 10 
Sand Dellvery sectlon 
Cement storage area 
Llme shop No 5 
Central warehouse 
Compressor stat~on 
Silicate shop No 2 
Bo~ler house, shop No 11 

The operation schedule for each workshop 1s provlded In table 3 2 1 

6 

Foamed concrete shop No 1 

Sand Dellvery section 

Bolter house 
shop No 11 

Compressor station 

Silicate shop No 2 

Commercial 
production 
storehouse 

Reinforced 
concrete 

shopNo 3 

Admrnistrative build~ng 

Repair construction shop No 8 

Machlne 
maintenance carcass 

sectlon of 
shoPNo3 



Table 3 2 1 Operation schedule of the maln workshops 

3 2 2 Process descr~pt~on 

The basic raw mater~als used In the production process are as follows sand, crushed rock, I~me, cement and Inert 
fillers These raw materials are delivered to the Plant by truck and ra~lway Sand, crushed rock and l~me  are 
stored in an open-air storage facility Cement brought in by truck and ra~lway is unloaded into silos Cement IS 

carried from the silos by pneumatic transport to distribution hoppers In the workshops 

JT? 

1 
2 
3 
4 
5 
6 
7 
8 

Gas-foamed concrete shop 

Shop 
Gas-foamed concrete 
S~licate 
Reinforced concrete 
Lime 
Transport 
Repalr-mechanical 
Compressor statlon 
Boiler house 

Number of sh~fts 
2 
2 
1 
1 
1 
1 
2 
2 

The product~on of gas-foamed concrete includes many stages In the gr~ndlng section of shop No 1 the sand and 
ground lime, del~vered by the pneumatic transport system from the m~lllng sectlon of shop No 5, are wet-milled 
Sand IS transported from a receiving hopper to the milling sectlon by a system of conveyers Milled lime and 

sand pulp is pumped to the concrete-mixlng sectlon, where they are m~xed with a gasslng agent (alumna 
powder) The mixture is poured into molds, where it is foamed and pre-set Here the mlxture is provided its 
initial "raw-strength" Foamed concrete panels and re~nforced concrete blocks are produced here In the past, 
foamed concrete blochs, after they achieve the appropriate raw-strength were cut by special wlre The cut pre- 
set blochs were subjected to a wet thermal treatment unt~l standard final strength was achieved After the 
reconstruction a completed there are plans to use a new technology, where finished concrete slabs are cut to 
length This should provide for a h~gher quality final product and Increased production (see table 4 2 1, No 3) 

Work hours 
16 hours per day 
16 hours per day 
8 hours per day 
12 hour per day 
8 hours per day 
- 8 hours per day 

- 

24 hours 
24 hours 

The concrete parts are thermally treated in pressure chambers PNR 2 5x32 with 12 atm and 1 9 1 ' ~  steam 
With~n the perlod of 1988 to 1992 ten pressure chambers (one an open-end type) were put into operation in the 
shop The loading volume of one pressure-chamber IS 51 m3 Thermal treatment tahes 11-12 hours The 
resulting condensate is contaminated with oil and paraffin used for lubricat~ng molds This condensate cannot be 
returned to the bo~ler house The contammated condensate IS fully discharged Into sewerage and not used for the 
preparation of the concrete mixture According to the technology appl~ed, after thermal treatment the steam 
should be bypassed to the pressure-chamber loaded with a new portion of concrete However, due to the 
absence of a control system and steam bypass plpes, the steam 1s not belng used and is discharged Into 
atmosphere 

Re~nforcmg wire for foamed concrete parts is made of steel rods in the carcass sect~on of the shop by multi-po~nt 
weldmg units 

In accordance with Plant s ecifications the following util~ty standards should be observed thermal msulation, P steam - 301 MCal per 1 m of product, water - 0 345 m3/m3 and electric~ty 15 1 kw/m3, foamed concrete blocks, 
steam - 345 2 MCal per 1 m3 of concrete, water - 0 253 m3/m3 and electr~c~ty 33 9 kw/m3 



Heavy concrete shop 

Cement 1s supplied from the distributing hopper to the concrete rnlxlng sectton by a conveyer system Inert filler 
and cement are mlxed m a concrete mlxer with an appropriate amount of water Thls concrete mlxture 1s poured 
Into a mob~le concrete mach~ne There are three productlon lmes m the shop The concrete machlne places the 
mlxture m molds wlth pre-mstalled relnforcmg wire structures (carcass) The molds are Installed on vibratmg 
platforms The concrete mlxture 1s packed on the v~brat~ng platforms The shop has two vibrating platforms 
with electric dnves and one wlth a pneumatic drive 

The concrete IS consolidated to lndustrlal grade strength during the thermal-wet treatment in the pit type 
steammg-chambers The thermal treatment uses steam w~th  a temperature of 96-96'~ for 10 hours There are 11 
steam-chambers with loaded volumes of 50 m3 each (dimensions - 7 x 4 ~ 2  4 m) ~nstalled m the shop The 
steammg-chambers were put into operation m 1979 There are also specla1 steam molds for steamlng cement 
foundation blocks, pavement blocks, etc 

After steaming m the steam-chambers the consolidated concrete block 1s taken from the mold and transported by 
an overhead travelmg crane to the warehouse 

In accordance w ~ t h  Plant speclficatlons the followlng utility standards should be observed m the production of 
the reinforced concrete Items steam - 640 MCal per 1 m3 of concrete, water - 0 2 m3/m3 and electric power 11 2 
kw/m3 

Sllrcate shop 

The sillcate shop produces tlle and Itme-sand brlck 

Lump-llme from the I~me-receiving hopper IS transported to the milling section of the sillcate shop Mllllng is 
done without water In fact, only one of the two available mllls 1s operating (dr~ves capacity - 160 kW) 
Conveyers to the batchbox of a two-shaft mlxer transport ground llme where ~t 1s mlxed with sand and water 
Sand 1s transported to the batchbox from the receiving hopper by a conveyer system 

After the two-shaft mlxer, the mlxture for ttle productlon IS transported to a batch (measuring) box and gas- 
concrete mlxer, and then it 1s packed on v~brating tables and manually formed After formmg, the tiles are sent 
to pressure-chambers, where they are thermal-wet treated w~th  10 atm steam After the pressure-chambers the 
finlshed product is transported to a finished-products storage area 

There are 10 AP 2x1 7 pressure-chambers m the shop Three of the chambers were revamped to steam the tiles 
The loadlng volume of the pressure-chambers IS 150 m2 of tile wlth a dally capaclty of 165 m2 

After the two-shaft mixer, the mixture for limestone brlck productlon 1s transported to silos wlth a volume of 50 
m3 each Here the mlxture 1s conditioned for 3 hours then sent to a rod mixer where ~t 1s blended with water 
Following t h ~ s  stage the mixture IS transported by the conveyer system to the press moldmg Formed green-brick 
is sent to the pressure-chambers for steammg and then to the fm~shed-products storage area 

The pressure-chamber is supplied 8 atrn/175'~ steam for brlck productlon The dally output capaclty for the 
pressure-chambers 1s about 16,9 thousand brlcks The steamlng period lasts 10-12 hours 

In the past, used steam from one pressure-chamber was bypassed to the newly loaded one The former pipelme 
scheme provided for steam bypassmg to each of the pressure-chambers Thls system IS currently not operatmg, 
because its control equipment 1s broken 

Condensate formed m the course of steammg 1s discharged into the sewer 

In accordance with Plant specifications the followlng utll~ty standards should be observed for tlle production 
steam - 73 3 MCal per 1 m2 of tlle, water - 0 03 m3/m2 and electr~c power 0 8 kw/m2 

Rated utility consumption per one thousand sandstone brlcks is as follows 704 MCal, water - 0 22 m3 and 



electrlc power 76 7 kW 

Lzme shop 

There are three I~me-burnlng units (helght - 17 m, diameter - 3 m, loadlng volume - 100 tons) In the llme shop 
The finished product capaclty of each unlt IS 100 tons per day Presently, due to a limlted demand for llme, only 
one unlt IS operating See data on the use of productlon capacltles m table 4 2 1 

Fract~onated llmestone w ~ t h  80-120 mm partlcle size IS used as feedstock for the l ~ m e  production Limestone IS 
supplled to the Plant by ra~lway and transported by a conveyer system to an open-alr feedstock storage area It IS 

then loaded by a grip-crane to the distribut~on hopper, transported by a conveyer belt to a screen drum, where 
small slze particles, dlrt and foreign matter are separated Once the llmestone IS screened a IS transported by 
conveyer belt to the batchbox Components are dozed according to the Plant's laboratory specifications 
depending on the temperature of the calcinatlon zone, particle sue, etc Coke and feedstock are dozed on pallets 
In layers The dozed batches are lifted on the pallets to the upper p a t  of the oven In the oven the batch IS 
movmg downward The temperature of the calclnatlon zone is 1000 C Combust~on air IS per~odlcally suppl~ed 
by a fan-blower 

Calclned lump llrne wlth the act~vlty of 70% is used for the productlon of foamed concrete and sll~cate Items It 
IS also sold as a commercial product 

The lime 1s unloaded from the oven through bulk ducharge-locks (three stages) onto a plate conveyer and 
transported to a hammer-crusher Once crushed l ~ m e  for shop No 2 1s loaded onto the conveyer belt and a 
reverse transporter supplies llme for shop No 1 The crushed llme 1s transported the elevator to the batchbox of 
the mlll 

Llrne 1s drv-mllled In the M~lllng Section There are three ball-mdls located m thls sectton w ~ t h  an output 
capaclty of 4 tons per hour each (dr~ves capaclty - 160 kW) Usually, only two of the mllls are operatmg After 
m~lling the lime ~t 1s transported by screw transporters to the mllled l~me batchbox Here an Injector pump pumps 
it to the batchbox m shop No 1 

According to the local productlon standards, the ut111ty consumption per I ton of lime is as follows coke - 240 
kg and electrlclty - 46 1 kW/hour 

Table 3 2 2 llsts the process sectlons that are the maln users of compressed alr 

Table 3 2 2 Compressed alr end-users 

Practically all shops have small alr surge tanks to damper pressure fluctuat~ons In the system caused by the 
irregular operation of end-users, malnly dozlng equipment The operation mode of such equipment 1s 3-5 
mlnutes for dozmg and 20 mlnute - Idle run 



The largest compressed alr consumer 1s the pneumatic transport system for cement from the cement storage area 
to a 20-ton hopper The system operates onetlme for two hours over a 2-day period 



4 ENERGY CONSUMPTION PARAMETERS 

4 1 Descr~pt~on of equipment and operat~ng parameters of the energy systems 

Electrrc power supply 

The mam productlon area of the Company IS connected to the Energo Grid by means of 10 kV mput from the 
"Novomsk" substation 

Feed-lines from the central d~stnbution statlon (CDS) are connected to 30 transformer substations (TP) with a 
des~gn capaclty of 7,840 kVA, whlch supply electr~clty to all departments of the Company and the outslde 
cllents Seven substations supply all product~on workshops and some neighboring outslde clients Two 
substatlons located beyond the area of the Company supply clty water-nsing pumps, wh~ch pump water for the 
Company and the outs~de cllents The parameters of the transformers Installed at the product~on support 
substatlons are prov~ded in table 4 1 1 

Table 4 1 1 Transformers 

No reactlve capacitor units are prov~ded at the substatlons 

Substatlon TP-1 supplies the gas-foamed concrete In shop No 3 
Substatlon TP-2 supplies the l ~ m e  section m shop No 5 
Substat~on TP-3 supplies the silicate sectlon m shop No 2 
Substatlon TP-4 supplles the end-users of the boiler house and one of the outside clients - a transport company 
Substation TP-5 suppl~es the repair-mechanical and construction workshops, canteen, adrnin~stratlon bu~ldmg, 
medical center and laundry 
Substation TP-6 supplies the compressor statlon and TP-7 - the sand-rece~vmg sectlon 



Active (F-68700) and reactive (TsE-6801) power meters are Installed at the "Noviskaya" substation for the 
commercial accounting of actlve and reactlve power All settlements w~th the outslde cllents, with the exception 
of the nelghbormg residential datnct, are made on the basls of readings these meters The consumed load of the 
resldent~al distr~ct 1s calculated as the difference between the readlngs of the meter mstalled at the "Novinsk~a" 
substation and the meter Installed at the Input cublcal of the CDS For the purpose of Internal accounting meters 
are Installed at the CDS (at each cub~cal) and some workshops (repair-mechan~cal shop) Electric power 
distributed between varlous sectlons of the shops 1s not recorded 

Llghtlng system 

The Company workshops are lllumlnated with different types of lamps Table 4 1 2 provldes data on the total 
capacity of hght~ng equlpment installed In the workshops 

Table 4 1 2 Installed electric power load of the workshops 

Accord~ng to the table the maln llghtmg load u located in the productlon shops Currently a majorlty of the 
light~ng equlpment in the productlon shops 1s not use 

A rr supply system 

Ni Consumption by lamps Location 

Shop Nil 

Amount, 
pcs 

Installed capacity, 
kW 

1 
2 
3 

TC500MY4 
U-27 
4-27 (36 B) 

shop 1 
shop 1 
Arcade 

Shop No2 

70 
30 
40 

4 1 TC500MY4 I shop 2 

35 
7 5 
2 4 

40 16 
5 1 4-27 (36 B) I Arcade I 30 I 1 8  
Shop No3 
6 1 TC500MY4 I shop 3 40 16 
7 ( IJ-27 (36 B) I Arcade 20 1 2  
Shop No4 
8 
9 
10 

TC500MY4 
CK3nP-500Y 1 
4-27(36B) 

shop 4 
shop 4 
Arcade 

Shop M5 

20 
20 
3 0 

11 
12 
13 

8 
5 

1 8  

TC500MY4 
4-27 (36 B) 
CKnBM-220 

Shop No6 

shop 5 
Arcade 
shop 5 

14 
15 
16 

30 
20 
6 

TC500MY4 
CK3rIP-500Y 1 
CKnBM-220 

12 
1 2  

0 24 

Shop No8 

shop 6 
shop 6 

, shop 6 

17 1 CKlTBM-220 I shop 8 I 15 0 6 

15 
10 
6 

6 
2 5 
0 24 

Shop Nc9 
18 I TC500MY4 I shop 9 20 I 8 
19 ( CKIIBM-220 1 shop 9 I 6 0 24 
Shop Nolo 
20 I CK17BM-220 I shop 10 I 15 I 0 6 
Production srte lrghting system 
2 1 CK3rIP-500Y1 

TOTAL 
llghtmg posts 50 12 5 

138 82 



The alr supply system is a centralized type with a detached compressor statlon build~ng Table 4 1 3 llsts the air 
compressors Installed 

Table 4 1 3 Alr compressors 

Alr pressure of 5-7 atm 1s malntalned m the alr system In the event that air pressure m the l~nes exceeds 8 atm, a 
relief valve IS act~vated and the compressed air 1s discharged into the atmosphere 

Only one 103 VP-20/8 compressor was operating durlng the energy audlt The compressors operate only during 
the work-shift They are shutdown at night KhRK-9-0 4 end-coolers are Installed after each compressor 

Three 6 3 m3 air surge tanks are installed at the output of the compressor station Two of the tanks were 
operating with one reserved for stand-by Small 0 65 m3 alr surge tanks are installed m the slllcate and llme 
shops, which are intended to cover the peak demand for compressed alr for the dozing (batch welghmg) unlts A 
simllar air tank is lnstalled in the boller house 

Amo 
unt, 
pcs 
2 
6 

Put ~ n t o  
operation 

in 

1991 
1978-81 

ND 

1 
2 

The compressors are water cooled The cooling tower for the return cool~ng water system n not operatmg, so a 
temporary recycling water-cool~ng system was set-up Water IS pumped from a tank to the compressor and 
returned to the tank Water is cooled by means of mlxlng the hot water from the compressor with the cool water 
in the tank 

Compressor 
type 

2BM2 5-1210 
103 Bn-2018 

Ventdatlon system 

Capac~ty, 
m3/rnln 

10 
20 

No Input ventllation IS installed In the workshops Steam heat screens are installed at entrance gates of the gas- 
foamed concrete, relnforced concrete and sillcate workshops A KSk 3-9 calorifer with two ventllators (dr~ve 
capaclty - 7 5 kW) IS installed In the gas-foamed concrete shop, a KSk 3-8 calorifer with two ventllators (drives 
capaclty - 4 5 kW) IS installed In the relnforced shop and a KSk 3-1 1 calorifer wlth four ventilators (dnves 
capaclty - 11 kW) is Installed in the s~licate shop 

The exhaust ventllation systems of the maln workshops include roof and dust-suctlon ventilators Elght VKR-5 
(drives capaclty - 1 1 kW) are installed on the roof of the reinforced concrete shop The ventilators are operated 
in an intermittent mode and are used mainly to evacuate large amounts of steam comlng Into the shop when the 
steamlng chambers are opened SIX VKR-5 (dr~ves capacity - 1 1 kW) are Installed on the roof of the sllicate 
shop and four TsP6-11 dust ventilators (drives capacity - 11 kW) are Installed ~n the mlx-preparation shop 
S~xteen VKR 6 and VKR-3 ventilators (drlves capacity - 2 2 kW) are Installed m the gas foamed concrete shop 
Dust IS removed In the lime shop by three dust-suction ventilators TsP6 45 (dr~ves capacity - 15 kW) 

Pressure,kg 
f/crn2 

8 
8 

Dr~ve 
capacity, 

kW 

55 
125 

Coolng 
system 

return 
return 

Water flow 
rate*, 

m3/hour 
-- 
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Heating system 

The company's boiler house suppl~es the entire company's heating energy for processing, heatmg, ventilation and 
hot water supply (HWS) In addition, heating was supplied to outstde cl~ents m the past The mam outside 
cl~ent was the res~dential dlstrict Heat was supplied to a closed loop scheme at a water temperature ofl15-70'~ 
Presently heat a only suppl~ed for ~nternal needs 

Heat supply for process purposes 

Only one heat carrier produces steam for process needs Hot water is not used for processing The mam end- 
users of steam are the pressure-chambers In the sil~cate shop, the gas-foamed concrete shop and the steammg 
chambers in the heavy concrete shop According to the bo11er house personnel, the steam pipelme system is 
operable, however, some plpe sections should be replaced A new 130m pipeline without thermal msulat~on has 
been connected to the s~licate shop A steam p~peline in the gas concrete shop is msulated, but only 20% of the 
pipelmes in the remalnlng shops are Insulated 

Heatzng system and hot water supply system 

Before the ~ndustrial accldent the company used a comblned heatlng system w~th steam as the heat carrier m the 
productlon workshops, the adrnin~stratlve buildmg and canteen The constructlon and repa~r-mechanical shops 
are heated by dellvery water, which IS taken from the heatlng mains supplying heat to the settlement The deliver 
water for heatlng is prepared m steam-water bo~lers (5 un~ts) ~nstalled in the boller house After two water- 
heating bo~lers were put into operation, the boilers of the heat~ng system were used only to cover peak 
consumption, when the bollers could not generate a suffic~ent amount of heat 

Presently, the Cotton Factory suppl~es heat to the residentla1 distrlct (settlement) This makes ~t possible to use 
only steam as the heat carrier In the heatlng system of the Company 

In 1991 an outside organization developed a project to replace steam used In the heat supply system of the 
Company with water The use of water as the heat carrler features some advantages over steam, for example, it 
provides an opportunity to rnstall a centralized control for uniform heat~ng loads It also increases the efficiency 
of the heat supply system due to the lack of condensate and steam losses to the end-user in contrast to steam-type 
systems and Increases accumulat~ng capabilit~es of the system Unfortunately, thls project was not implemented 
for reasons unknown Now, durlng the reconstructlon period characterized by small product~on output and 
l~mited financing, the management of the Company decided to restore the steam heating system Perhaps, it 1s a 
rather practical approach in the current s~tuation, because the most crucial problem faced by the Company 1s to 
restore production In this respect, some decisions are made, wh~ch, on the one hand, are not the best from the 
polnt of vlew of energy efficiency, but, on the other hand, do not requ~re big investments In th~s  particular case, 
the repalr of the steam heating system would require minimum expenses Steam to t h ~ s  system w ~ l l  be supplied 
from the existing process pipeline, which would not require the constructlon of new pipelmes and the 
replacement of steam calor~fers w ~ t h  water ones 

Condensate tanks were ~nstalled in the steam heating systems of the basic productlon workshops (gas concrete, 
silicate, reinforced and lime shops) Condensate was collected and pumped to the boiler house and then to the 
chem~cal water treatment facility (CWTF) Condensate was returned by p~pelines located near the steam supply 
p~pel~nes under common thermal insulation, thus used as tracer-pipes for the condensate hne, preventmg them 
from freezing There is no lnsulat~on on the condensate tanks The steam-condensate blend was fed to the upper 
part of the tank, which Increased condensate losses In the event that the system is restored, the steam- 
condensate blend should be fed m such a manner that n bubbles through the layer of condensate The 
condensate tanks should also be ~nsulated A visual inspection of the condensate tanks found them m 
uysatisfactory condition (rusted) From the two-condensate tanks in the shop, the condensate was sent to two 20 
m accumulatmg drums located m the bo~ler house, blended with fresh water and sent to the chem~cal treatment 
fac~llties 



Hot water, from the hot water supply system, 1s prepared separately in each shop in speclal bollers heated by 
steam The HWS boller 1s a water filled pressure-vessel wlth a steam-co11 inside With the exception of the gas 
concrete shop, where steam is sent to the condensate tank of the steam heating system, all steam-condensate after 
the borler IS discharged outdoors No automatic control of the steam supply to the boiler, depend on the hot 
water temperature, 1s available Practically all bo~lers had lnsulatlon Water heated in these bollers 1s used for 
showers 

Boiler Statron 

The boller station is deslgned to generate 13 bar steam for heatmg, ventilatron, the hot water supply for the 
residential district and the production process 

Five KE-10114 steam bollers and three DKVR-10113 bollers operating in the water-heatmg mode are Installed m 
the boller house The capaclty of the steam bollers is 10 tons of steam with a pressure of 13 atm The bollers, 
deslgned to use solld fuel (black and brown long-flame coal), were put into operation between 1976 - 1981 The 
bollers', deslgned by B~ysk Boller Manufacturers, include two drums, a furnace chamber and branched 
convection pipe bundles without a steam overheater The furnace 1s equ~pped w~th a band revers~ble glass with 
pneumatic coal spreaders Scrapers remove ash The EP1-330 BTI Economizer IS a module type made of cast- 
iron Dry ash 1s removed from chimney gases with a serles cyclone separator, type BS-2-7x 

There are two 50-m3 deaerators equipped wlth OVA-2 vented-steam coolers Installed rn the boiler house The 
des~gn of the boller station Included the lnstallatlon of a heat exchanger to heat treated water after the deaerator 
However, the heat exchanger has not been used over the passed 10 years 

Three feed pumps are installed to supply feed-water to the bollers 

The parameters for pumplng and auxil~ary equipment are gwen in tables 4 1 4 and 4 1 5 

Table 4 1 4 Pumplng equipment 

Chemrcal water treatment fac~lltres 

The chemical water treatment facil~tles treat feed-water for boilers and replenish dellvery water losses The water 
treatment process 1s carrled out by pumpmg fresh water from the surge tank Into two 450m3-clarification tanks 
for water settlrng Water 1s then pumped by four TsNS-180/60 pumps to a mechanical filter, where the water 1s 
filtered through a layer of quartz sand It then goes to the chemlcal water treatment facll~tles There are four 
filters m the boiler house operating in a two-stage water treatment scheme wlth two filters m both the f is t  and 
second stage Sulfated coal IS used as a filtermg materlal 

The hardness of treated water after the first stage does not exceed 15-20 mkg equ /1 The first stage filters are 
regenerated 1-2 times per week and the second stage filters are regenerated once per month 



Fuel supply 

The Plant's fuel supply system Includes an open coal storage area with a 30 dav operating supply Coal from the 
recelvmg hopper is sent through a feeder to a band conveyer operated by a KO-2218 electric drive The coal IS 

crushed to a partlcle size of 1-50 mm The band conveyer equipped w~th  scraper spreaders then transports the 
coal to the boiler hoppers 

Table 4 1 5 Auxlllary equipment of the boller house 

Water szipp[y 

The plpellne connected to the C~ty  Water Supply System covers the Company's process and domestlc water 
requirements The total length of external water supply pipelines is 7 hm, including an intermediate pump 
station All settlements wlth the city water supplying Company are made in accordance with the readings of the 
commercial meter The city water is elevated by the number I and I1 water-rise statlons located beyond the 
production area Water from the number I pump stabon a pumped both to the Plant (to two 500 m3 tanks) and 
the residential d~strict The number I1 pump statlon pumps water from the above-mentioned tanks to the Plant 
The number I pump station delivers water only to the residential dlstrlct Clty water a not supplied to the Plant 
The number I1 pump stat~on IS not operatmg 

Currently, the Plant is suppl~ed from artisan wells Only one, w ~ t h  the capacity of 10 m3 per hour, 1s now 
operating They plan to restore two others in the nearest future 

The sewerage system of the Plant IS a free-flow type 



4 2 T h e  analysls of energy c o n s u m p t ~ o n  a n d  costs 

Takmg mto account the current translent perlod faced by the Plant and the lack of documentation on the Plant's 
actlvltles for the past few years, the analysis of the energy consumptlon parameters and costs were made uslng 
data from 1993 In splte of the current productlon decllne caused by the drop m market demand, all productlon 
facll~tles are operable and produce goods Data on the deslgn capaclty of the workshops, the utlllzatlon of thelr 
productlon capaclty m 1993 and the planned productlon output for 1999 a speclfied below m table 4 2 1 

Table 4 2 1 Utlllzat~on of Production Capacltles 

Note *"sharew means a percentage of the amount of produced goods to the productlon capacity of process 
equipment on January 1994 

The Plant uses coal (calor~c~ty 6,000-6,200 kCal/kg) coke (calor~clty 6,650 kCal/kg), electrlc~ty and artlsan- 
well water The Plant pays around 20,000 rubles annually for the use of the four artlsan wells, although only one 
well 1s currently m operation 

Table 4 2 2 provldes data on the energy consumptlon dynamlcs of the Company In 1993 and 1997 as well as 
1999 forecasts 

Table 4 2 2 Ut~llt~es consumptlon In 1993,1997,1999 

Table 4 2 3 Heat generat~on m 1993,1997,1999 

1999 (plan) 

12,360 
9,240 

72 
1 1,520 

The table m Appendlx I1 specifies data on the energy consumptlon of the Company m 1993 

1997 

no data 
1,973 4 
no data 
no data 

Table 4 2 4 provldes data on the total energy consumptlon and payments in 1993, speclfied m standard energy 
equivalents 

1993 

33,107 
1 1  228 

No data 
33 1 

Ut111ty 

Coal 
Electrlc power 
Clty water 
Coke 

1999 (plan) , 

35,256 

The utility payments were converted In accordance wlth current tar~ffs, lncludlng coal - 1,500 rubles/t, water - 
1 22 rubles/m3 (sewage - 0 83 rubles/m3), ordered capaclty - 60 73 rubles per kW, electrlc power - 0 17 
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Unlt 

tons of standard fuel 
MWh 

thsnd m3 
tons 

Ut111ty 1993 U n ~ t  1997 
Heat energy I GCal 97,826 I 1,973 4 



rubleskWh and reactive power - 0 006 rubles/kVARh 

Table 4 2 4 Energy consumpt~on and payments In 1993 

D~agrams 4 2 1 and 4 2 2 show the energy consumption structure of the Company in 1993 and payment structure 
m July 1998 

D~agram 4 2 1 Energy consumption structure of the Company In 1993 

Utll~ty 

Coal 
Coke 
Electric power 
City water 
Total 

Electr~c power coke 
4% 1% 

Coal 
95% 

U n ~ t  

ton 
ton 

MWh 
thsnd m3 

Energv Consumpt 
Ion 

37,992 
33 1 

11,228 
258 

GJ  
970 333 
9,216 

40,42 1 
-- 

1 ,O 19,970 

Price 

YO 
95 1 
0 9 
4 0 
-- 

100 

thsnd rubles 
5698 8 
397 2 
2,662 
336 

9,094 0 

YO 
10 1 
75 2 
14 6 
0 1 
100 



Dlapram 4 2 2 Utllltles payment structure In 1993 

Water Coke 
4% 4% 

Us~ng a program, developed by the Company, similar d~agrams for evpected energy consumptlon have been 
prepared for 1999 

Table 4 2 5 Planned ut~lltles consumptlon and payments In 1999 

Utll~ty 

Coal 
Cohe 
Electric power 
C~ty water 
Total 

Prlce Consumpt 
Ion 

12 360 
1 1,520 
9,240 

72 

Unlt 

ton 
ton 

MWh 
thsnd ma 

thsnd Rubles 
1,854 
13,824 

2,679 6 
20 

18,377 6 

YO 
10 1 
75 2 
14 6 
0 1 
100 

Energy 

GJ 
315 683 
320 742 
33,264 

-- 
669 689 

O/u 

47 1 
47 9 
5 0 
-- 

100 



Dlagram 4 2 3 Energy consumption structure of the Company In 1999 

Eectrlc power 

Dlagram 4 2 4 Ut~llties payment structure In 1999 

Electr~c power 
14 6% 

Water 
0 1% 

As shown m the diagram above, about 75% of the utility payments are for coke used for llme calcmat~on 
Takmg Into account stringent process requirements, no substantlal savings of coke m the process un~ts would be 
expected, therefore, the analysis IS focused on coal, electrlc~ty and water consumption 



Dlagram 4 2 5 Process steam consumptton by the maln workshops of the Company 1n 1993 

Shop No3 
32% 

Shop No2 
29% 

D~agrarn 4 2 6 Process steam consumpt~on of the main worhshops m 1993 

- -  
I 

Shop No3 
14% 



D~agram 4 2 7 Electr~c power consumpt~on of the m a n  workshops m 1993 

Shop No 5 
16% 

Shop No 2 
29% 

Diagram 4 2 8 Expected process steam consumpt~on of the maln worhshops 1999 
-- -- 

Shop No 5 



Diagram 4 2 9 Process water consumption structure of the main workshops m 1993 

Shop No 3 
8% 

mop NO I 

76% 

Diagram 4 2 9 Expected process water consumption structure by the main workshops of the Company in 
1999 

The above mentioned data may be represented in a table format, see table 4 2 6 



Table 4 2 6 Ut~l l t~es  consumptlon structure for process purposes In 1993 and 1999 

The energy consumption for process purposes in 1991 was as follows water - 5% of the total water consumptlon 
by the Company electrlc power - 24%, heatlng energy - 85% 

No comparison of the utlllty consumption for process purposes was made due to the uncertain nature of the 
general energy consumptlon by the Company, and the posslble change of unit energy consumptlon per unit 
product~on 



5 ENERGY EFFICIENCY PROGRAMS 

5 1 Results of measurements made at the Company 

An Elite 4 Energy Logger and a Fluke multl-meter were used for the energy audlt The logger was Installed on 
the commercial electr~c power meter in order to measure the electric consumption of the Company In order to 
develop the energy structure consumption, the readlngs of the technical accountmg electrlc power meters 
installed at the central metermg station and the meters measuring electric power supplied to the outside cllents 
were collected on a regular bas~s 

In order to develop the energy consumption curves of individual workshops, the loggers were Installed at 
substation No 2 (Ilme workshop), substation No 3 (silicate workshop), the feed cable of the adrnmlstratlve 
buildlng and at the input feeder of the boller house 

The consumptlon curves are demonstrated m Append~v IV At the same time capacity measurements were 
recorded by the Elite 4 Logger at most of the electrlc power end-users wlth the goal of developing an energy 
balance for the Company 

Fig 5 1 1 shows the electric consumption curve of the Company within the period of July 10-1 1, 1998 (This 
curve does not include the outside client See the electrlc consumption curves In Appendix IV-1, which Includes 
the consumptlon of the outside cllents) 

Flgure 5 1 1 Aggregate electrlc power consumptlon for the Company, ~ncludlng the outslde cllents, July 
10-11,1998 

Only the llme shop (1 oven), the compressor station (1 compressor) and the boiler house (1 boder) were 
operatmg m the normal operation mode Repair teams were worklng m some workshops The dlrect production 
consumptlon was about 28% of the total dally consumption, lncludlng the outside clients (the blggest cllents are 
the garden cooperatives and the asphalt-concrete plant) 

The results of these measurements were used to develop the electric consumption balance for the Company 



Table 5 1 1 Energy Balance of the Company 

The large reactive power consumption of the Company 1s caused by the lack of reactive power capacitors Fig 
5 1 1 shows active and reactive power curves for July 10-13 

h g  5 1 1 Consumption of actlve and reactlve power by the Company, including the outside clients 

Electr~c energy consumption, % 
1 2  
14 4 
4 2 
8 2 

72 0 
100 

X! 
1 
2 
3 
4 
5 

- Actwe Power - R&I ve h e r  I 

End-user 
L~ghting system 
Bo~ler house 
Technology, lncludlng 
Air supply 
Outslde cllents 
TOTAL 

The average daily value for consumed reactive power is 425 kVAR Table 5 1 2 lists measured electric energy 
consumption for ~ndividual end-users 



Table 5 1 2 Consumed power measurements of lndlv~dual end-users 
- -- 

The low load factor of the electr~c motors is caused by the fact that most of them are oversize, with their capac~ty 
evceed~ng the actual equipment requirements The lack of money to restore broken electr~c motors or to replace 
them w~th new energy efficient ones may expla~n this problem 

Compressed Azr Supply System 

For the purpose of this aud~t the compressed air system was tested to evaluate air leakage The test was carried 
out in the follow~ng manner At the end of the work-sh~ft, when all end-use equlpment was shutdown, the 
pressure m the system was ma~ntained at a level of 5 5 atm The pressure dropped over the test per~od tune The 
compressors were started and the rated pressure was restored The leakage volume dur~ng the test plus the tune 
of pump operatlon was defined by the time of the pumps operatlon The compressed air system was also 
examlned as a whole during the test (valves to some product~on sectlons were cracked-open) 

Table 5 1 3 Compressed Air System Test 

Date 21 07 98 
Time 14 30 

Note * - the percentage of leakage volume was defined as follows the ratlo of leakage, m3 (335) to 
the total air consumption (450 m3) dur~ng the test t ~ m e  at the rated compressor capacity (20 
m3/mm) 

Ni 

1 

Dur~ng the visual inspection of the compressed air system, alr leaks were detected m relief valves Installed on an  
tanks and valves on the end-use equlpment 

2 7 

Leakage volume 

m3 I %* 
1 4 9  1 74 5 

System sectlon 

The System as a whole 

Pressure drop 
in the system 

atm 
1 4  

Test 
time 

min 
5'45" 

Operation time 
of the 

compressor 
Min 

16'45" 



A number of water and alr temperature measurements at the Input and output of the mtermed~ary and end alr- 
coolers were made to evaluate the performance of the water cool~ng system The air pressure of the system was 
5 5 atm The 103VP-2018 compressor was m operatlon at that tlme 

Alr temperature after number I Stage 
After mtermed~ary cooler 

Water temperature Before mtermed~ary cooler 
After intermediary cooler 

Air temperature after the compressor 
After the end cooler 

Water temperature Before intermediary cooler 
After mtermediary cooler 

It should be noted that the compressors consume a large amount of oil (about 10 liters durlng 12 hours of 
operatlon) 

Heatrng system 

Heatlng system and hot water supply 

The heatlng and hot water supply systems are currently under reconstruct~on and, therefore, no measurements 
were taken The cond~t~on of the systems, thelr future development and detected shortcom~ngs are descr~bed m 
Paragraph 4 1 

Borler house 

The bo~ler house 1s the only user of coal at the enterprise 

Durlng the energy aud~t, the only bo~ler in proper workrng order was steam bo~ler # 8, whlch had been m 
operation all through the heatlng season At the present tlme the bo~ler suppl~es steam to the s~llcate shop for the 
per~od~cal steamlng of the autoclaves A v~sual lnspectlon demonstrated that the bo~ler's cond~t~on was 
unsat~sfactory, wh~ch was proved by our tests 

The tests included measurlng the temperature and the composition of gas combust~on products before the 
economlzer and before the smoke exhauster on bo~ler # 8 Bo~ler #8 was put Into operatlon for the purposes of 
this test, because there was no demand requirement warranting operatlon The measurlng Instrument was a 
BACHARAH electron~c analyzer 

To measure the consumption of feed water for the boller, a Panametr~cs ultrason~c flowmeter was used The 
surface temperature of different bo~ler elements, alr ducts and p~pelmes, mcludmg steam plpes, was measured 
w~th  a Raynger Infrared pyrometer Because of the absence of technolog~cal load, the bo~ler was tested m the 
mmlmum load operatmg cond~t~ons The test results and the calculated heat losses of the bo~ler are glven m 
Attachment VI 

On the basis of the measurements taken, the following conclus~ons can be made 
* There are h ~ g h  a v  mflows along the bo~ler path (480% before the economlzer and 735% after the 

economlzer), due to which heat losses w ~ t h  flue gases amount to 35% The obtamed values of au  mflows are 
much h~gher than the values Indicated m the boiler's spec~ficat~ons (54% and 85% respect~vely) A decrease 
of alr mflows down to the standard values w ~ l l  Increase the boder's effic~ency by 24 4% and save 3015 0 
tons of coal (or 452 376 rubles), 

* The temperature of feed water at the ~nlet and the outlet of the deaerator was 45" and 75" respectlvely, 
* A vlsual mspect~on of the plpes In the boller house demonstrated the total absence of msulat~on on the feed 

water duct and ~ncomplete lnsulat~on of the steam llne between the bo~ler house and the s~l~cate  shop (see 
Attachment V), 
The average rate of feed water flow durmg the measurements was 1 3 tons per hour (see Flgure 5 1 2), 

* A substantla1 part of the bo~ler settlngs are damaged, the temperatures of some elements of the boller are 
150-30O0C, and those of the economlzer - 90-13°C 
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Fig 5 1 2 Feed water consumptlon by boller NeS 

5 2 Potentlal energy efficiency projects 

The inspection and instrumental measurements have revealed poss~bll~t~es for lmprovlng the Company's energy 
effic~ency 

Due to the lack of revenues from the sale of the Company's products, the maln objectlve of management was to 
put technolog~cal and energy equ~pment in operatron as soon as poss~ble, even lf the schemes and modes of 
operation were not very efficient 

The main departments (the foamed concrete and reinforced concrete shops) are not m operation yet The slllcate 
shop does not work on a regular bas~s On llne m the boller house 1s just one steam, one feeding pump, etc 
Sometlrnes, just to start the equ~pment, any available motor drlve that works is used, even ~f its capaclty is not 
adequate So, due to the Insufficient amount of measurements and incomplete data on the characterist~cs of the 
Installed equipment, many of the proposed measures are not presented as projects but are just estunated as to 
thelr energy efficiency 

Electrlc power supply 

The Company pays the electric bills on a contractual bas~s for electric power suppl~ed by Novos~blrsk Energo for 
the Plant and the connected outside cl~ents If a system of accounting for the power consumption of the 
lndlvldual sectlons of the Company and the outside clients were set up ~t would be possible to prov~de a full 
p~cture of the overall electric power consumptlon of the Company This lnformat~on 1s especially Important 
when creatlng contracts wlth the utility company It would allow for a drop of electr~c power costs to a m ~ n ~ m u m  
by means of dlstr~butlng electr~c loads among various dlvlsions of the Company It also allows for the 
appropriate select~on of reactlve power capacitors and the location for thelr mstallation, etc The rntroduct~on of 
such a system would requue the lnstallat~on of mlsslng meters and the ver~ficat~on of ex~strng meters 

In add~tion, such a system would make it easler to motlvate the maintenance personnel of the Company to save 
electrlc power 
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As mentioned above m Clause 5 1 the Company does not have any reactive power capacitors The Company 
pays for the consumed reactive power, therefore it could be recommended that they install capacitors A 
reduction of losses withln the energy system would be an additional positive Impact of thls program The 
mstallation of a 100 kVAR capacitor at the central distribution station would allow for a reactive power drop of 
876,000 kVARh and a savmg of about 5,300 ($815) 

Lzghtrng system 

Presently, the llghtlng system m the workshops is not operatmg, so the electrical consumption of the lighting 
system is low However, considering the large installed capacity of the llghting equipment, it is necessary to pay 
attent~on to the efficient use of thts system, when it IS put into operation The lighting system of the workshops 
should be sectioned Appropriate controls and actions relating to the use of the llghtlng system will result in a 
large reduction of electricity costs 

Compressed aa system 

Presently, about 30% of the total amount of the electric power consumed by the Company (excludmg outside 
chents) 1s consumed by the alr compressor system, although the amount of compressed alr required by the 
workshops 1s rather small Thls large ower consumption is caused by the continuous operation of the P compressor, with the capaclty of 20 m /mm, during the 12-hour sh~ft  Due to the fact that the compressor is not 
equlpped wlth automatic capacity adjustment, excessive air 1s periodically discharged from the system Into the 
atmosphere The ellmlnatlon of air leaks detected during the inspection could be effective only if a new 
compressor 1s Installed The lneffic~ent operation of the compressors IS aggravated by ~ t s  hlgh maintenance cost 
(the cost of oil replacement is about 14,500 rubles per year) 

Several variants may be recommended in order to Increase the efficiency of the com ressed alr system The first P varlant - to make major repalrs to the smaller compressor, wlth the capacity of 12 m /mm, and put it into 
operation (provided that all leaks in the alr system are eliminated) The second varlant - to  buy a new 
compressor wlth a wlde range of capacity adjustment and a smaller capacity of 6-10 m3/mm When the Plant is 
restored to ~ t s  normal production capacity, ~t is recommended they consider a decentralized air supply system 
Smaller compressors that are installed directly m the workshops would handle the need of compressed alr for 
individual sections In this case, the exlsting compressors may supply the large end-users of compressed alr, for 
example, pneumatic transport systems Such an approach would prevent alr leakage in the compressed air 
system and would make it possible to match the maximum operation of the compressors to the end-users of 
compressed air 

Heatlng system 

A detalled description of the condltlon of the heating and hot water supply systems a given in Paragraph 4 1 
above When rehabllitatlng the systems, emphasis should be put on the insulation of the pipelmes, because only 
20-25% of them are in a satisfactory state Our calculations show that lnsulatlon costs including assembly works 
will be repaid wlthln 3-6 months, depending on what lnsulatlon and coating materials are used It IS advlsable to 
coat the exlsting condensate storage tanks and condensate llnes with an insulation materlal 

The hot water boilers mstalled m each of the shops are heated with steam The steam flow rate and the 
temperature of hot water are controlled manually by the personnel, whlch may lead to excessive heat 
consumptlon Since automatic water temperature controls cannot be installed for the tlme bemg, more control is 
needed to prevent water overheating and excessive steam consumptlon Instead of steam, it 1s advlsable to use 
steam condensate after the steam registers of the heating system If the condensate cannot be returned to the 
boller house, hot water (condensate) should be used for technological purposes 



Bozler house 

The Installed boilers are currently In an unsatisfactory workmg condition Bo~lers No 4,6 and 7 are not llkely to 
be reconditioned Boilers No 5 and 2 will be repalred soon There 1s one new boller -No 3, whlch needs to be 
br~ch-lmed But the Company's management does not plan to repalr or put bo~ler No 3 Into operation m the near 
future 

Boller No 8 w~l l  be shut down for maintenance in Aprll 1999 The boiler uses raw water The water treatment 
system does not work because of the absence of salt Our tests demonstrated unsatisfactory conditions m the 
boller substantial alr mflows, great heat losses Into the atmosphere and, consequently, low efficiency - 55 5% 
(see Project 7) The actual efficiency is even lower, because the calculations ~gnored combustible losses that may 
very significant (up to 10-15%) because ~t is impossible to change the speed of the boiler grates (none of the 
bollers has four-speed motors) The coal crusher is out of service A decrease of combust~ble losses down to the 
normative values will save at least 2-2 5 thousand tons of coal a year (or about 300-375 thousand rubles) 



5 3 Recommended energy effic~ency projects 

Project No 1 

Use vented-steam from the deaerator to heat the treated water 

1 Savlnes 
Annual coal 980 tons - 147 0 thousand rubles ($22,33) 
Total savtngs 147 0 thousand rubles ($22,33) 

2 Expenses 
Total costs none 

3 S~mple payback period 

Recommendat~ons 
Use the vented-steam from the deaerator to heat the treated water 

Descr~pt~on 
It is proposed to use the existing heat exchanger to heat the treated water by vented-steam from the 
deaerator 

Expected savings 
Under current coal tariffs the savlng of 980 0 tons of coal is equivalent to 147 0 thousand rubles 
($22,33) 

Required investments 
The recommended project does not requlre any Investment 

Payback period 
A simple payback period is equal to zero 

Implementation period 
Th~s  project can be Implemented after the normal operation of the deaerator is restored by heating the 
feed water to the required temperature of 102-104C and repairing the heat exchanger 

Technical r ~ s k s  associated wlth the change of quality andlor quantity of output production 
There are no risks for this project 

In~tlal data and results of estimations 
Presently, the deaerator is operating with a water temperature of 60-75C, therefore it does not serve 
~ t s  technical purpose - to deaerate the feed water Once the deaerator is repaired, it is necessary to 
use vented-steam energy In the heat exchanger in order to heat the feed water The capacity of the 
boiler house IS equal to 20-25 tons of steam per hour, so the amount of generated steam should be 
more than 1 tthour The use of the vented-steam energy to heat the treated water would allow a 
savlng of about 5,89 0 GCal per year The design effic~ency of the heat exchanger was assumed to be 
0 9 of the boilers - 0 75 Thus, fuel savlngs should be 980 0 tons of coal with the caloric~ty of 6,000 
kCaVt or 147 0 thousand rubles $22,33) 



Project No 2 

Install reactive power capacltors 

1 Sav~nns 
Annual savings 
Total savings 

5,300 thousand rubles ($8 15) 
147,O thousand rubles ($23,330) 

2 Expenses (includ~ng V A T ) 

Total 1,500 rubles ($238,1) 

3 S i m ~ l e  pavback pe r~od  

Recommendat~ons 
Install reactlve power capacltors at the SDP for reactlve power compensation 

Description 
It IS proposed to Install reactive power capacltors in order to save money and to improve quallty of 
electric~ty In the power system through reduced react~ve power consumptlon 

Expected savlngs 
Under the current reactlve power tariffs, a reduct~on rn reactive power consumptlon by 876,000 
kVAr/hour will save about 5,300 rubles ($815) 

Requlred investments 
The requlred investments are estrmated at 1,500 rubles ($238 1) 

Payback perlod 
A simple payback perlod is equal to 4 months The scale of the project does not requrre the 
calculation of the Internal Return Rate (IRR) 

Implementation penod 
This project can be implemented immed~ately 

Technical rlsks associated wlth the change of quallty andlor quantlty of output production 
There are no risks for this project 

Initial data and results of estimations 
According to the measurements taken, the average reactlve power consumptlon 1s 425 kVAr The 
installatron of a 100-kVAr reactlve power capacrtor w ~ l l  reduce react~ve power consumption by 
876,000 kVAr/hour, thus savlng nearly 5,300 rubles ($815) 



Project No 3 

Insulate non-insulated plpes 

1 Savings 
Annual coal 395 tons - 59,250 thousand rubles ($9,405) 
Total savings 59,250 thousand rubles ($9,405) 

2 Expenses (~ncludlng V A T ) 
M~neral wool 5,256 rubles ($835) 
Asphalt paper 600 rubles ($95) 
Zinc plated sheet 1,200 rubles ($190) 
Insulating works 4 234 rubles ($672) 
Total 1 1,290 rubles ($1,792) 

3 Slmple payback period 

Recommendatlons 
Insulate non-insulated pipe sections in the boiler house and the pipeline to the sllicate shop 

Description 
It 1s proposed to Install appropriate lnsulatlon In order to reduce heat losses through non-insulated 
plpes and valves of the steam supply systems 

Expected savlngs 
Under current coal tariffs the savlnn of 395 toms of coal is equ~valent to 59,250 thousand rubles 

Requlred ~nvestrnents 
The ~:sulat~on of the non-~nsupted pipe sections w~th  the total length of 280 m would require about 
8 5 m of mineral wool, 200 m of asphalt paper and about 300 hg of z~nf-coated sheets The 
est~mated price of the insulating mater~als (mmeral wool - 480 rubles/m , asphalt paper - 3 rubles/m2, 
4,000 rublestton of zinc plated sheets) and ~nsulatlng works (assuming a factor of 0 6 of the total 
prlce of mater~al costs) 1s about 1 1,290 rubles ($1,792), lncludlng V A T 

Payback perlod 
A slmple payback per~od 1s equal to 3 months The scale of the project does not require the 
calculation of the Internal Return Rate (IRR) 

Implementation period 
This project can be Implemented ~mmedlately 

Technical rlsks associated with the change of quallty and/or quantlty of output production 
There are no risks for this project 

Inltlal data and results of estirnatlons 
The results of measurements of length, diameter and temperature of the surface of non-msulated 
pipes In the boiler house and the pipeline to the silicate shop were used as initial data The total heat 
losses are equal to 309 5 kW The economic thickness of insulation for the given type of p~pellnes is 
m the range of 60 mm After insulating the plpes, the total heat losses through the rnsulated pipelines 
should amount to about 16 kW Considering the operation of separate systems the annual heat saving 
would be 2,101,404 kWh 

Thus, the rnsulation of the prpelines would allow a savlng of about 395 tons of coal - 59,250 rubles 
($9,405) The design effic~ency was assumed to be 75% All heat loss calculat~ons through non- 
insulated plpes and the evaluation of the economlc insulation thickness was made according to 
reference tables 



Project No 4 

Re-use of steam from the pressure-chambers in the Sillcate Shop 

1 Savings 

Annual savlngs 300 tons 45,O thousand rubles ($7,140) 
Total savlngs 45,O thousand rubles ($7,140) 

2 Expenses ( ~ n c l u d ~ n ~  V A T 1 

Total 1,500 rubles ($238,0) 

3 S ~ m ~ l e  uavback uerlod 

Recommendat~ons 
Re-use the steam from one pressure-chamber that has completed its technological cycle, redirecting it 
to another chamber that 1s ready for operat~on 

Descrlptlon 
In order to reduce heat losses from steam venting, lt 1s proposed to use the steam from the pressure- 
chambers that have completed their technological cycle, redrrect~ng it to a loaded pressure-chamber 
that 1s ready for steam~ng 

Expected savlngs 
Under the current coal prices, the savlng of 300 tons of coal IS equal to 45,O thousand rubles ($7,140) 

Requlred investments 
To restore the system of re-uslng the steam from pressure-chambers that have completed thew 
technological cycle, the system needs to be revised Some of the steam valves w~l l  have to be 
replaced, and the sequence of steam redlrect~on operations needs to be adjusted The requlred 
investments are estimated at 15,000 rubles ($2,380) 

Payback period 
A simple paybach perlod IS equal to 4 months The scale of the project does not require the 
calculat~on of the Internal Return Rate (IRR) 

Implementat~on perlod 
This project can be implemented during the preparat~on of the Silicate Shop for operation 

Technical rrsL associated wlth the change of qual~ty and/or quantlty of output production 
There are no rlsks for thls project 

Initla1 data and results of estlmatlons 
Experimental data on the funct~onlng of the steam re-use system ~n the Silicate Shop were used as the 
input data for thls project Before the steam redirection beg~ns, a heated pressure-chamber completing 
its operation cycle contalns about 280 kg of steam and ~ t s  pressure IS 8 atm The experiments show 
that as a result of the redirection, the steam pressure in both pressure-chambers 1s equalized at about 
1 7 atm According to the calculat~ons, the second pressure-chamber recelves 205 kg of steam, wlth 
130 kg of steam condensed, releas~ng 286 MJ of heat In this case, an annual savlng of live steam will 
be nearly 750 tons, which is equivalent to 300 tons of coal or 45,O thousand rubles ($7,140) The 
calculat~ons were based on the following assumptions des~gn effic~ency - 75%, the number of steam 
red~rection cycles a day - 10 



Project No 5 

Insulate the pressure-chambers in the Sllicate shop 

1 S a v ~ n ~ s  
Annual coal 950 tons - 142,5 thousand rubles ($22,600) 
Total savings 142,5 thousand rubles ($22,600) 

2 Expenses (includmg V A T 1 
Mineral wool 2 160 rubles ($342) 
Zinc plated sheet 14,000 rubles ($2,222) 
Insulatmg works 9,696 rubles ($133 8) 
Total 25,856 rubles ($4,102) 

3 Simple pavback per~od 

Recommendations 
Insulate the pressure-chambers In the silicate shop 

Descrlptlon 
It is proposed to Install appropriate ~nsulatlon m order to reduce heat losses through non-insulated 
sectlons of the pressure-chambers 

Expected savlngs 
Under current coal tariffs the savlng of 950 tons of coal 1s equ~valeilt to 142,5 thousand rubles 
($22,600) 

Requlred Investments 
The ~nsulation of the non-insulated pressure chamber sectlons would requlre about 4 5 m3 of mineral 
wool and about 3500 kg of ziyc-coated sheets The est~mated prlce of the insulating matenals 
(m~neral wool - 480 rubledm , asphalt paper and 4,000 rubles/ton of z ~ n c  plated sheets) and 
~nsulatlng works (assuming a factor of 0 6 of the total price of materlal costs) is about 25,856 rubles 
($4,102), including V A T 

Payback per~od 
A slmple payback period 1s equal to 3 months The scale of the project does not require the 
calculation of the Internal Return Rate (IRR) 

Implementation per~od 
Thls project can be Implemented immediately 

Technical rlsks associated with the change of quallty and/or quantlty of output production 
There are no risks for thls project 

Initial data and results of estimat~ons 
The results of measurements of length, diameter and temperature of the surface of non-insulated areas 
of the pressure chambers in the slltcate shop were used as ~nlttal data The total heat losses are equal 
to 1223 kW The economic thickness of insulation for the glven type of p~pelines is in the range of 
50 mm After insulating, the total heat losses through the Insulated pipel~nes should amount to about 
73 4 kW Consider~ng the operat~on of the pressure chambers accord~ng to the planned productron 
targets, the annual heat savlng 5,037,000 kwh 

Thus, the insulation of the pressure chambers would allow a saving of about 950 tons of coal - 1423 
thousand rubles ($22,600) The design efficiency was assumed to be 75% All heat loss calculat~ons 
through non-insulated plpes and the evaluat~on of the economlc insulation thickness was made 
accord~ng to reference tables 



Project No 6 

Insulate the pressure-chambers In the Foamed Concrete Shop 

Annual coal savings 1480 tons 222 65 thousand rubles ($35,340) 
Total savlngs 222 65 thousand rubIes ($35,340) 

Mineral wool 3,600 rubles ($571,4) 
Zmc-plated sheet 22,000 rubles ($3,492) 
Insulating works 15,360 rubles ($2,43 8) 
Total 40,960 rubles ($6,500) 

3 Slmple payback uer~od 

Recommendat~ons 
Insulate the non-msulated parts of the pressure-chambers m the Foamed Concrete Shop 

Description 
It IS proposed to install appropr~ate lnsulat~on In order to reduce heat losses through the non-msulated 
parts of the pressure-chambers 

Expected savlngs 
Under the current tar~ffs, the savlng of 1480 tons of coal is equal to 222 65 thousand rubles 
($35,340) 

Required investments 
The lnsulat~on of the pressure-chambers will requlre about 7 5 m3 of m~neral wool and nearly 5,500 
hg of z~nc-plated sheets The estimated cost of ~nsulatlng materials (mineral wool - 480 rublm , zinc- 
plated sheets - 4,000 rublton) and Insulating works 1s about 40,960 rubles ($6,500), ~ncludlng VAT 

Payback perlod 
A simple payback period 1s equal to 3 months The scale of the project does not require the 
calculat~on of the Internal Return Rate (IRR) 

Implementat~on penod 
Thls project can be implemented durlng the preparat~on of the Foamed Concrete Shop for operat~on 

Technical rlsks associated with the change of quallty and/or quantlty of output production 
There are no risks for this project 

In~tlal  data and results of estimations 
The inltial data Included the slze and temperature of the non-insulated parts of the pressure-chambers 
in the Foamed Concrete Shop The total heat losses are 1,223 kW The economic thickness for the 
glven type of pipelines IS 50 mm After the insulation, the total heat losses through the insulated 
plpellnes w ~ l l  amount to about 73 4 kW The annual heat saving w~ll  be 7,870,360 kwh 

Thus, the insulat~on will make it poss~ble to save nearly 1,480 tons of coal or, m terms of money, 
222 65 thousand rubles ($35,340) The design efficiency is assumed to be 75% The calculations of 
heat losses through the non-insulated parts and the evaluat~on of the economic insulat~on thickness 
were based on reference tables 



Project No 7 

Decreaslng alr Inflows In boller No 8 

1 Savings 

Annual savlngs 3,015 0 tons 
Total savlngs 

2 Expenses (mcludlng V A T 1 

Repa~r and recondltlon~ng works 
Total 

452,376 thousand rubles ($71,805) 
452,376 0 thousand rubles ($71,805) 

100,000 rubles ($15,873) 
100,000 rubles ($15,873) 

3 S~mple payback perlod 

Recommendations 
Decrease air inflows in the stach gas duct 

Descrlptlon 
It IS proposed to Improve the gas-tightness of the bo~lers by means of restoring the settlng, closing the 
slots, seallng the hatches and removing the cracks 

Expected savlngs 
Under the current coal prices, the savlng of 3,015 tons of coal is equal to 452,376 thousand rubles 
($7 1,805) 

Requlred Investments 
The estimated cost of reconditioning works is about 100,000 rubles ($15,873), lnclud~ng VAT 

Payback perlod 
A slmple payback period is equal to 3 months The scale of the project does not require the 
calculation of the Internal Return Rate (IRR) 

Implementat~on perlod 
Th~s project can be rmplemented lmmedlately during the annual repair and reconditioning perlod 

Technical risks associated wlth the change of qual~ty and/or quantity of output production 
There are no rlsks for this project 

Inltlal data and results of estlmatlons 
The measurements of Boiler 8 have revealed extremely great air ~nflows of 735%, which increases 
heat losses wlth flue gasses up to 35% Decreaslng alr inflows down to the values tndicated In the 
specifications of the boiler (86%) would Increase the holler's efficiency by 24 4% The total annual 
fuel savings, based on the projected output, would be 3,015 tons or 452,376 rubles ($71,805) The 
cost of repalr and reconditioning works was assumed to be equal to 50% of the boller's cost, 
including VAT 
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APPENDIX I PRODUCTION OUTPUT OF THE COMPANY IN 1993 AND ENERGY CONSUMPTION FOR PROCESS NEEDS 

I 





July 

15280 0 
11780 0 

0,o 
3500,O 

Jan 

16720 
8540,O 

2560 
5620,O 

Unlt 

Gcal 
Gcal 
Gcal 
Gcal 

Ne 

1 

Aug 

15280 0 
11780,O 

0,O 
3500,O 

Ut~l~ ty  

Heat energy, ~ncludtng 
process needs 
for heatmg, HWS 
to outside cltents 

Feb 

15100 0 
7350 0 
2400,O 
5350,O 

S ~ P  

8770,O 
4560,O 

960,O 
3250,O 

Mrcli 

15080 0 
8050,O 
2460 0 
4570,O 

Oct 

9370,O 
3500,O 
1530,O 
4340,O 

Apr 

12810 
6030,O 
2350,O 
4430,O 

Nov 

6710,O 
2200,O 
1460,O 
3050,O 

May 

9230,O 
5030 0 

0,O 
4200,O 

June 

15280 0 
11780 0 

0,o 
3500,O 

Dec 

8129,O 
2230 0 
1276,O 
4623,O 

Per year 

147759,O 
82830,O 
14996,O 
49933,O 



APPENDIX IV DAILY ELECTRIC POWER CONSUMPTION CURVES of TKE MAIN 
CONSUMERS OF THE COMPANY 

Flg IV-1 Total electrlc power consurnpt~on of the Company (lncludng the outs~de chents, except for the 
res~dent~al datr~ct), July 10-11,1998 



Flg IV-2 Electrlc power consumpt~on of the outs~de cl~ents (garden cooperatives), July 10-11, 
1998 



F I ~  IV-3 Electr~c power consumpt~on of the boller house, July 10-11,1998 



Rg IV-4 EIectr~c power consumpt~on of  the llme shop, July 10-11,1998 



hg IV-5 Electr~c power consumpt~on of the s~licate shop, July 10-11,1998 



Fig IV-6 Electrlc power consumption of the adm~n~stratlve buddlng, 10-11 July, 1998 



APPENIDIX V HEAT LOSSES OF NON-INSULATED PIPELINES 

P~pe length, m Ns Heat losses, 
hW 

Pipe 
diameter, 

m 

P~pe  locat~on 

Boiler house 

Surface 
temperature, 

O C  

1 
2 

Pipeline to the srlicate shop 
1 I-- I 130 I 0 1 1 4  1 170 I 182 

TOTAL I I 1 3095 

8 
22 
120 

steam ptpellne 
steam pipeIine 

3 1 feed p~pellne 

0 159 
0 300 
0 114 

170 
170 
100 

13 
60 5 
54 



APPENDIX VI TESTS OF BOILER Ni8 

r 
U n ~ t  

hour mm 
tkour 
kgflcm2 
mm water 

OC 

% 

% 

% 

Parameter 

Test date 
Test trme 
Steam output acc to the meter 
Steam pressure 
Vacuum ~n the bo~ler 

Effluent gases after the bo~ler 
Temperature 
Oxygen, 0 2  
C02 
Excessive alr 
NOx 
CO 
Losses w~th  unburned CO 

Boller Efficiency acc to the meter 
Feedwater 
Temperature before the economrzer 
Temperature after the economizer 

Effluent gases after the economrzer 
Temperature 
Oxygen, 02 
C02 
Excessrve a ~ r  
Heat losses wrth effluent gases 
NOx 
CO 
Losses wlth unburned CO 

Heat losses to ambient envrronment 
Bo~ler Efficiency acc to the meter 
Desrgn Boiler Efficiency 

Test No 
I 

11 07 98 
16-50 

7 0 

220 
17 3 
3 2 
480 

PPm 
PPm 
% 
% 

OC 
O C  

C 
% 

Yo 
% 

% 

PPm 
PPm 
% 

% 
% 
% 

2 

22 
790 
1 4  
5 2 

55 
76 

125 
18 4 
2 2 
735 
35 
16 

590 
1 5  
8 
59 

55 5 


