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1 0 EXECUTIVE SUMMARY 

During the week of Apnl 25, 1994 an energy audit was performed at the Moscow Oil 
Refinery (MOR) located near Moscow in Kapotnia, Russia This energy audit was performed 
by Dr Bob Terrell and Mr Chuck Sasso, P E representing Resource Management Associates 
of Madison, Inc 

The facility is a State-run company which refines crude oil into a variety of oil-based 
products Raw, crude oil is obtained via pipeline from the Central Asian repdblics Products 
made from this crude oil include gasoline, mazout fuel (residual fuel oil), d~esel fuel, dry 
gases (such as butane and propane), other petroleum by-products (principally propylene gas, 
from which polypropylene and polypropylene goods are made), and asphalt The entire 
facility is spread over an area approximately 2 2 km by 1 5 km (1 3 miles by 0 9 mile) 
There are about 10 similar plants in Russia 

In 1993, the oil refineiy consumed 548 million kwh of electricity and 2 million Gcal of 
steam 90%-95% of all energy consumed by the refinery is used for production processes, the 
cost of this energy consumed accounts for 8%-10% of production costs Energy rates charged 
by Mosenergo are summarized In Table I 

The boiler and steam distribution systems In the refinery were euamlned, and three energy 
efficiency measures are being recommended for thls facillty These measures are 

1) installation of an Amerlcan automated boiler control system on one supplemental steam 
boiler to be constructed in 1995, 

2) installation of steam traps on the drlp legs of the main steam distribution system, and 

3) installation of steam traps on a lateral steam llne servlng some residentlal and commerc~al 
facilities 

The total savlngs estimated for all 3 measures IS 14,187 Gcallyear with a result~ng annual cost 
savings of $56,17OIyr using local energy rates and $168,51O/yr with world energy rates The 
total cost for all ECOts in this report 1s $72,100 The average simple payback period for the 
3 measures is 1 28 years at local energy costs and 0 43 years with world energy costs A 
summary of the Energy Conservation Opportunities (ECOts) are shown in Table 2 

The overall impression of the auditors is that Moscow 011 Refinery has at best, moderate 
hopes for future success Their ability to obtain oil from the Central Aslan republics is 
intermittent And when crude oil is available, the refinery does not always have the money to 
pay for ~t It is hoped that the addltion of the new propylene processing facllity currently 
under construction wlll provide MOR with new markets to penetrate 
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Most of the energy management staff are only mildly interested in the topic of energy 
efficlency While moderately helpful w t h  the week's audit actlvitles, most of the 
recommendatrons made by the aud~tors were not openly rece~ved Long-term equ~pment and 
system mmntenance and training procedures are also lacking Even w t h  the installation of 
energy saving measures, it is doubtful that the MOR staff wll keep the equipment properly 
malntalned to ensure the persistence of the savings The one area of interest regarding energy 
efficlency is the installation of western-style automatic boiler controls on 4 new steam boilers 

Table 1 Moscow Or1 Refinery Energy Rates [Apnl 19941 

Category 

Electnc 
Demand 

Electric 
Energy 

Steam 

Natural Gas** 

Units or 
Measure 

Local Cost 

* At an exchange rate of 1,800 rubles/dollar 
**  Natural gas is used as a feedstock only by the refinery 

World Cost 

6280 R 
$3 49* 

30 R 
SO 0167* 

18000 R 
$lo* 

33 R 
$0 0 1844* 

Ratio 
W C L C  

$0 064/kWh 
Demand & 
Energy 
Combined 

$30 

$0 141 
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Table 2 Mosco~v 011 Refinery Energy Conservation Opporiunxtzes 
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Table 2 Moscow 0 1 1  Refinery Energy Conservalron Opporimufies 

Energy 
Conservation 
Opportunit~es 
(ECO) 

Description 

Automatic 

1 ::::01s 

Main 
Drip 
Leg 
Traps 

Lateral 
L ~ n e  
Steam 
Traps 

TOTAL 
SAVINGS 

Es~mated 
Energy 
Sav~ngs 

2,857 
GCalIyr 

2,423 
GCalIyr 

337 
GCalIyr 

5,6 17 
GCalIvr 

Esbmated 
Local 
Cost 
Sav~ngs 
[Sly rl 

$28,5 10 

$24,230 

$3,3 70 

$56,170 

Eshmated 
Implement 
Cost 
[$I 

$70,000 

$1,500 

$600 

$72,100 

Estimated 
World 
Cost 
Savings 
[ $ 1 ~  rl 

$85,710 

$72,690 

$10,110 

$168,510 

Esbmated 
Simple 
Payback 
Local 
[years] 

2 45 

0 06 

0 26 

1 28 

Estimated 
Simple 
Payback 
World 
[Y ears] 

0 82 

0 02 

0 09 

0 43 



2 0 FACJLlTY BACKGROUND 

The company audited, the Moscow Oil Refinery (MOR), IS located in the region of Kopotn~a, 
a small suburb of Moscow, on the southeastern edge of the Moscow Outer Ring highway 
The facillty is a State-Owned and operated facility whlch has been In operation since 1938 
MOR refines crude oil into a variety of oil-based products Products made from thls crude oil 
along w t h  the approximate annual percentages of these products produced are as follows 

The full production capacity of the plant is not always utlllzed because of crude oil supply 
problems, and shortages of funds to purchase crude 011 Plant personnel estimated that the 
annual amount of crude 011 processed IS about 6 m~llion metrlc tons 

gasollne 

mazout 

dlesel fuel 

petroleum by-products 

dry gas 

asphalt 

losses 

The entire facility is spread over an area approvtmately 2 2 km by 1 5 km (1 3 miles by 0 9 
mlle) The prlmary production area of the plant is the Full Catalytic Cracking (FCC) facility 
It IS in thls portlon of the plant that approx~mately 40% of the facility's profit is obtained 
The remruning 60% of plant profits come from sales of fuels (gasollne and diesel) and 
residual fuel 011 (mazout) Also currently under constructlon 1s a new propylene plant to 
increase the propylene production capablltty This production facil~ty will be using the latest 
Western technology and is being constructed by an Itailan crew Durlng the past several 
years, propylene production has been increasing and represents a major contrlbutlon to the 
profitabil~ty of the plant Planned upgrades at the plant Include the constructlon of new 
buildings which w l l  house processes to manufacture polypropylene products such as plastic 
plping All capital improvements to the plant facll~tles are belng financed wlth after-tax 
profits 

22 0% 

22 0% 

26 0% 

29 7% 

0 03% 

0 04% 

0 20% 

Crude oil 1s pumped from the main lncomlng plpellne from Central Asla The crude oil 1s 
pumped e~ther d~rectly to the processing areas or IS pumped Into one of four 50,000 ton 
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(metric ton, 1,000 kg) storage tanks It IS sometimes necessary to store the crude 011 In these 
storage tanks in order to stab~llze the 011 and remove any water 

2 1 1 Management Stnrcture 

The refinery IS essenbally In operation 365 days per year, 24 hours per day 

The office of the Chief Power Englneer, Konstantin Belanov, reports to the refinery's 
Techn~cal D~rector Reporting to Mr Belanov are a staff of seven technical and clerical 
personnel Also reporting to Mr Belanov are supervisors of three workshops responsible for 
varlous energy related servlces around the refinery These three workshops are responsible 
for steam, electric supply and telecommun~cat~ons A total of 300 people work in these three 
workshops and report to the office of the Chlef Power Englneer The refinery currently 
employs a total of 3200 workers 

2 2 Product astory 

The decislon to construct a refinery near Moscow was made in 1935 By 1938 a thermal 
cracking plant was constructed By 1940 an asphalt plant was added to the facility, which is 
still In operation today During 1962 and 1964 2 plants for catalytic reforming were built 
Thls added the capability to produce high-octane (95 octane) gasoline In 1967 a 
polypropylene plant extraction and granul~zation plant was constructed A second 
polypropylene plant is currently under constructlon A facility for the production of 
manufactured polypropylene products such as plastic piping wll also be built 

About 3% of the production of the faclllty is exported (primarily diesel fuel in the summer) 
throughout the NIS, the remalnlng 97% is being consumed in Russla The diesel fuel 
produced by the refinery for wintertime use is potentially a source of additional export 
revenue, however current production is totally consumed domestically 

Future expectations for this faciilty depend on the overall health of the Russian economy 
slnce approximately 70% of the goods that MOR produces are fuels, and the remalnlng 
products (polypropylene products or precursors) are major inputs to consumer goods 

2 3 Fac~llty Energy Use 

2 3 1 Fac~Ilty Energy Consumphon 

Mosenergo (ME) supplles electricity to the facillty from Moscow Region Electrrc Station 
Number 22 Thermal energy In the form of steam is also supplied by ME The steam IS 

generated at the ME regional district heating plant and IS supplied to MOR at a slngle 
locatlon within the fac~llty, and piped throughout the plant in a MOR steam distribution 
system Steam is used at MOR primarily for process heating requirements, with a small 
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amount of usage for space heating Without metenng, thls space heating usage cannot be 
accurately esbmated, but is probably less than 1% of total steam usage Steam supplled to 
MOR IS del~vered from Regional Plant #22 at a pressure of 13 atmospheres gauge (191 pslg) 
However, due to frictional and thermal losses in the long steam dellvery main, the steam 
pressure at the entrance of the plant varies from 6 to 7 atmospheres gauge (88 to 103 pslg) 
Steam to water heat exchangers are used to satisfy the domestic hot water heating 
requirements of the plant 

Several large ovens and borler facilities are present at the refinery The ovens are used to 
preheat crude oil to allow it to flow easily through the processing equipment The oil IS 

heated in each oven in vertlcal tubes by radiative and convective heatrng from the burners 
firing vertically from the bottom of each oven This facility consists of 5 ovens of various 
capacities 

2 ovens, each 3 8 mill~on kcalhr (1 5 1 MMBTUh) 
1 oven 30 mili~on kcalhr (1 19 MMBTUh) 
1 oven 29 million kcalhr (1 15 MMBTUh) 
1 oven 20 mlll~on kcalhr (79 MMBTUh) 

A typical burner for each of these ovens has a capaclty of 4 5 million kcal (18 MMBTUh) 
and has a diameter of approximately 60 cm (24 ~nches) The exhaust gases from the ovens 
are sent through two waste heat bollers, and the prlmarv objective of the facility IS to produce 
as much steam as possible in these waste heat boilers Induced draft fans are used to prov~de 
combustion air to the burners The fuel gas by-product stream energy content changes from 
time to time as different waste gases are Inputted When thls happens, the inlet dampers 
(very crude flappers arranged clrcumferent~ally around the bottom of the burner) must be 
adjusted manually to maintaln excess oxygen levels at the oven outlet at about 16% This can 
take up to an hour to accompl~sh Oven exhaust gas temperature (Input to the waste heat 
boilers) is malntained at up to 750 O C  (1382 O F )  and stach temperatures after the waste heat 
boilers are malntained at 300 OC (572 OF) 

These two waste heat bollers are used to produce 40 tons (metric) of steam per hour (88,000 
Ibs/hr) at 12 atmospheres (176 psig) and 390 "C (734 O F )  superheat This steam IS used In 
the dem~neralization of the crude 011 The fuel inputs for these ovens/bollers are obtained 
from streams of by-products of the refining process These by-products are essentially waste 
streams that are of llttle or no market value in the view of plant management The waste by- 
product stream consists of various hydrocarbon compounds occas~onally containing butane 
and propane Any hlgh sulfur by-product streams are processed to have the sulfur removed as 
hydrogen sulfide before the gas is burned in the boller to reduce sulfur dioxide emissions 

Later, at another facility, the hydrogen sulfide IS reduced to elemental sulfur and purlfied for 
sale 

This process equipment particularly the ovens, could be more energy effic~ent Plant 
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personnel assert that the four largest ovens (uslng East German burners) are slgnlficantly 
better than the smallest oven (uslng Russ~an burners) Some oven insulation material IS 

defective, the burners are old and worn out, and some ovens have continuous monltorlng 
equipment while others do not The facility would benefit from a combustion alr preheat 
system Improvement of this facility would requlre major cap~tal Investment presently beyond 
the capabilifies of the plant, and well out of the range of thls project 

Wlthin the poss~ble scope of the audit on-slte work IS another boller plant whlch conslsts of 
elght lndlvidual supplemental steam bollers Each lndlvidual boller produces approximately 
6 5 tons (metrlc) of steam per hour (14,300 lbslhr) at 6 to 7 (88 to 103 pslg) atmospheres and 
190 O C  (374 OF) superheat The elght bollers were orlglnally manufactured In 1948 and the 
on-slte assembly was completed In 1952 

Four of the e ~ g h t  bollers are currently in the process of being replaced The estlmated 
completion date for t h ~ s  project is August, 1994 Each new boller will produce 10 tons of 
steam per hour (22,000 Ibshr) at 13 atmospheres (191 pslg) and 280 OC (536 OF) of 
superheat These four bollers wlll be equlpped w ~ t h  Russian made control systems 

The remaining four bollers are scheduled to be replaced during 1995 These four boilers will 
operate at the same capaclty and characterist~cs as the other four new boilers MOR energy 
management staff hopes to equlp these four boilers w ~ t h  Amer~can automatic control systems 
Presently, they cannot afford such systems If these systems could be installed as a result of 
thls project, they would be able to compare the effect~veness of American control systems 
w t h  that of Russian control systems (to be ~nstalled on the bollers constructed In 1994) 

All elght new bollers w ~ l l  be ~nduced draft bo~lers The boilers w ~ l l  also be equlpped w ~ t h  
stack heat exchangers (econom~zers) to preheat the boiler feedwater Each Induced draft fan 
IS to be powered by a 1500 rpm 30 hW (30 hp) motor with a nameplate effic~ency ratlng of 
92% Refer to Append~x A, figures 1 through 5, for photos of the exlstlng bollers and 
equipment currently being prepared for ~nstallation this summer 

The goal of replaclng the elght bo~lers is to reduce the amount of steam purchases from the 
ME reglonal dlstr~ct heatlng plant #22 by 20% The cost of steam from ME IS 18000 rubles 
per Gcal ($lO/Gcal) Annual use of steam by the plant 1s about 2 mllllon Gcal, about half of 
which IS purchased from ME When completed, thls project w ~ l l  reduce steam purchases 
from ME by about $2 m~llion/year The est~mated project cost for replacing all e ~ g h t  boilers 
IS 800 mtllion rubles ($444,400) Thls estlmated cost does not Include the cost for erectlng 
two new 45 m (147 feet) exhaust stacks Slnce the cost of fuel Input to these bollers IS 

unknown, we cannot accurately estimate the simple payback for thls Investment, but plant 
personnel assured us that it would probably be less than one year Slnce the fuel input to the 
boilers would be produced by the refinery ( ~ t s  cost would be about 70% of the wholesale 
prlce of the same fuel) and the output steam would be replac~ng purchased steam from the 
Mosenergo facility, thls estlmate is probably reasonable 
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Thls project will also enable the refinery to use steam at a higher pressure than the steam 
supplied by ME The central plant is 1 5 to 2 km from the refinery Due to steam 
dlstr~buhon pipellne losses, the steam arrlves at MOR at a pressure of only 6 to 7 
atmospheres The eight new borlers w11 supply steam at 13 atmospheres By Increasing 
dellvery pressure in the main steam line to 13 atmospheres, the rate of energy delivery w11 
increase more than the losses Consequently, the distribution system losses wl1 be a smaller 
frachon of the total energy Input to the maln steam delivery system In additlon to reducing 
purchased steam costs, overall steam utillzatlon efficiency should Increase 

MOR plant personnel are In the process of conducting a survey of the nearly 4,000 motors at 
the facil~ty, which vary rn size from about 1 kW to 4 MW The larger motors are 
synchronous motors The purpose of the survey is to identlfy potential variable speed drive 
applications The survey IS expected to be completed by the end of 1994 Plant personnel 
estimated that about 10% of all the existing motors are presently equlpped w t h  variable speed 
drives 

The MOR facility consumed energy In 1993 in the following forms 

The refinery nominates a peak electr~cal demand of 72 MW Every SIX months they 
are asked to estlmate the peak demand for the next six months T h ~ s  is called the 
"nom~nated demand " They pay demand charges for thls amount each month of the 
SIX month period, even ~f they never reach t h ~ s  demand level If, however, they were 
to exceed the nominated demand, they would pay a penalty of ten tlmes the per kW 
demand charge 

Steam - 2 m ~ l l ~ o n  Gcallvear (7,936,000 m ~ l l ~ o n  BTUIyear) 

Energy consumption figures were unavailable for years prior to 1993 Plant personnel 
claim that energy consumption for 1992 was at nearly the same levels as 1993, even 

though production has decreased This IS apparently due to the fact that the plant has 
been continuing to run at mlnimal levels 

Overall energy costs represent about 8% to 10% of total production costs for this plant An 
approximate split of the energy consumption by end-use 1s shown In Table 3 
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Table 3 Moscow 011 Refinery Energy Consumptzon By End-use 

STEAM 

95% Process 

1% Space Heating 

4% Hot Water 

E L E r n C r n  

90 to 95% Process 

5 to 10% L~ghting 

2 3 2  Energy Costs 

The followng costs of energy are accurate as of April 1, 1994, using an exchange rate of 
1,800 rubles per dollar 

Steam 
18000 RubleslGcal ($2 52/million BTU) 

Electricity 
6280 RubleskW monthly demand charge = $3,487/kW monthly demand 
30 RubleskWh energy charge = $0 0 167/kWh 
($3 489kW monthly demand, $0 0 167lkWh energy) 

See Figure 1 for h~storical electricity rates 
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Figure I Moscolv Or1 Refinery Historical Elecfrrcal Energy Rates 

1991 Jan May Sept Jan May, Sept Jan Aprrl, 

1992 1992 1992 1993 1993 1993 1994 1994 

Resource Management Assocrates of Madlson Inc Page 10 



A number of factors will determine the future v~ablllty of the Moscow 011 Refinery The 
most important factor is the ablllty of MOR to obta~n and even pay for crude 011 from the 
Central Aslan republics Hard Western currency is scarce for this state-run 011 refinery The 
availablllty of Russlan rubles IS also extremely l~mited to the energy management staff of 
MOR Interest rates for ruble loans range from 240% to 280% (annual percentage rate), for a 
maxlmum term of one year Most employees are not pald on a regular basls At the current 
time, MOR IS approximately three months beh~nd on its payroll The buslness 1s operating on 
a "cash flow" basls, and net (after taxes) cash flow IS defined as 25% of the dlfference 
between revenues and costs (labor, raw materials, and energy) S ~ n c e  this dlfference, defined 
as "profits," is taxed at a 75% rate, barter~ng is becom~ng a more Important part of the 
Russian lndustnal economy Thls facll~ty traded polypropylene granules to Moskabelmet for 
magnet wndlng wire to repalr burned out motors at the refinery 

Another significant obstacle is the tax situation Refer to Appendix B for a copy of an article 
from the April 29, 1994, issue of the Moscow Tlmes T h ~ s  artlcle describes the tax sltuatlon 
for loans and capltal Investments In the 011 Industry Western loans of hard currency for 
lnvestment purposes are subject to a 20% VAT and a 3% specla1 tax as well as custom taxes 
Up to 45% of potential loans would be spent on federal taxes 

With the effort to generate government revenue, it appears that overall tax revenues are 
actually decreasing, In spite of the fact that more taxes are be~ng created and others are be~ng 
raised T h ~ s  pollcy IS also dlscouraglng Western Investment, whlch could help create jobs and 
st~mulate the Russian economy 
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3.0 SYSTEMS AUDITED 

3 1 Steam Boilers 

As previously discussed, the MOR is presently replacing eight supplementary steam boilers 
(onginally bullt in the late 1940's and early 1950's) w t h  eight new 10 metrlc ton per hour 
steam output bo~lers Replacement of four of the existing bollers w11 be completed by 
August, 1994, and the remaining four replacements w l l  be ~nstalled In 1995 The new boilers 
w11 be capable of producing higher quality steam (13 atmospheres pressure, 280 "C 
superheat) than that presently belng produced The first four boilers will have a conventional 
Russlan boller control system installed The deslgn of this system IS more than 10 years old 
Gas composition in the exhaust stream is measured through a sampling process, resulting In 
extended feedback times Adjustment of the inlet dampers on the induced draft combustion 
air supply system is done manually Plant personnel are very interested In installing an 
American automatlc control system on the second set of four bollers In 1995 

Energv Conservation Op~ortunltv#1 Automatic Boller Control S v s t e m m  one of Four 
Supplementarv Steam Boilers 

Plant personnel believe that boiler efficlencles on the four bollers to be Installed in 1995 can 
be lrnproved by 10% with the installatlon of a modem automatic control system with short 
response time and more accurate monltorlng equipment on each boiler A more conservative 
savlngs estlmate of 5% was assumed in the calculations In Appendix C Due to the cost of 
thls measure, installatlon of only one control system 1s recommended as a demonstration at 
thls tlme See Appendlx D for specifications Any boller efficlency Improvement will 
reduce MOR's steam purchase requlrements (thelr most expensive energy budget requirement) 
by the amount of the efficlency lmprovernent For example, lf the automatlc control system 
allowed them to produce 5% more energy wlth the same fuel use, their steam purchase 
requlrements would be reduced by 5% of the estimated steam output of the bollers, in this 
case 5% of 10 metric tonshour or 5 metrlc tonshour reduction in steam purchase 
requlrements At an approximate cost of $70,000, estimated savings for thls measure are 
2,857 Gcalfyr Simple payback at local cost is 2 45 years Payback at world cost is 82 
years See Appendix C for calculations 

3 2 Steam D~stnbubon System 

The internal steam dlstrlbutlon system at MOR appears to be reasonably well Insulated 
although there are a few short lengths of llne where the lnsulatlon has been damaged All the 
condensate delivered to the condensate llne at the refinery IS supplled to the exlstlng 
supplemental steam bollers, none is returned to Mosenergo The maln steam lines are not 
equlpped w t h  steam traps to remove condensate Slgnlficant steam leakage occurs at various 
po~nts  along the main steam l ~ n e  Valves, leadlng off of the steam llne at low polnts are 
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slightly cracked open to blow condensate from the line This condensate spills on to the 
ground as steam is leaked Into the air 

Energv Conservatton Opportunity #2 Installation of Steam Tram In the Main Drlu Leps - of 
the Maln Steam D~stnbut~on Svstem 

Installatton of steam traps on the main drip legs of the steam distr~but~on system wll allow 
condensate to be returned to the supplementary bollers, increasing boiler efficiency and steam 
product~on Ten locat~ons were Identified where the installation of steam traps would be 
beneficial These locat~ons, approximately 100 meters (328 feet) apart on the steam h e ,  
were identified by plant personnel Because of the nature of the steam and the system, 
stainless steel steam traps wll be required See Appendix D for specifications The MOR 
personnel were init~ally very uninterested In this proposal, desp~te its good payback estimate 
(see Appendix C), saylng that the steam traps probably would not remain in place long 
enough to pay back their cost from savings When asked to explain what they meant by this, 
they asserted that the steam traps would probably be stolen In less than six months U S 
made steam traps are quite expensive and valuable compared to Russian steam traps 

Inverted bucket steam traps, as recommended for thls application, are more suited to these 
ccnditions than the Russian bl-metalllc steam traps which would otherwise have been 
installed Being constructed of starnless steel they should also last significantly longer than 
the Russlan cast Iron bi-metallic steam traps Russlan bl-metallic traps typically fail in this 
type of application in about two months, while Amer~can steam traps are guaranteed for two 
years As mentioned earlier, the prrmary concern of MOR personnel for these trap 
installations was the possibil~ty of theft Stainless steel, belng very bright, IS l ~ k e  having a 
flag attached saying "valuable plece of equipment " We indrcated that the steam traps would 
be specified as flanged traps for attachment to the system We suggested that the bolts could 
be hardened and fastened w ~ t h  nuts requiring one or more special tools to unfasten In 
addition the traps could be painted to h ~ d e  the~r bright appearance At an approximate cost of 
$1,500, estimated savings for t h ~ s  measure are 2 423 Gcallyr Simple payback at local cost is 
20 days, payback at world cost IS 7 days See Append~x C for calculations 

Enerw Conservation Opportunltv #3 Steam Traps In Side D~stribut~on Line to some 
Res~dentral and Commercial Fac~litles 

At one locat~on, steam is taken from the distr~bution system to supply space heating energy to 
some residential houslng and some energy to commerc~al facilities, including two bathhouses 
and a laundry facility During the wlnter, there are times when the demand by these facil~ties 
IS high enough that plant production must be reduced at locat~ons beyond this steam dlverslon 
polnt because of insuffic~ent supply of steam 

There are two polnts where steam is presently belng extracted from the d~stributton llne to 
ensure condensate extraction and dry steam dellvery to the laundry facil~ty If steam traps are 
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installed at the suggested four locations on this small distribution line, plant personnel will 
construct a condensate line for returning condensate to the main condensate return line at the 
m a n  steam distribution system At an approximate cost of $600, estimated savings for thrs 
measure are 337 Gcallyr Simple payback at local cost is 3 2 months, payback at world cost 
is 1 month See Appendlx C for calculations 

Installation of three steam flow meters (see Sect~on 5, Monitor~ng Recommendations) to 
monrtor use by the above commerc~al and residential facilltles w11 enable plant personnel to 
evaluate the effectiveness of the recommended steam traps, to institute other measures wthin 
the facil~tles to reduce steam usage and to evaluate the effects of these other measures 
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4 0 IMPAm OF SAVINGS 

Based on the find~ngs of t h ~ s  aud~t, ~t appears that steam trapplng IS not be~ng successfully 
pracnced In Russ~a If cond~tions s~milar to those found at the Moscow 011 Refinery exlst at 
the other 011 refineries In Russ~a, savings estimated for t h ~ s  plant would exlst at nearly all 
other operatmg fac~ l~bes  

The ~nstallabon of automatic boiler controls could also be implemented throughout the 011 

refinenes of Russ~a Bo~ler controls could actually be Installed In any Industry that produces 
its own steam New construction of boilers, as is being implemented at t h ~ s  refinery, is not a 
pre-requisite for new boiler controls New controls can be used to replace older, less accurate 
controls 

As long as steam 1s belng used for production, the actual end product of the refinery 
(gasol~ne, mazout, etc ) will not significantly affect the impact of implementing these 
conservation opportunities This oil refinery is the only one in the Moscow area It is not 
known how many refineries exlst in all of Russia 
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5 0 MONITORING RECOMMENDATIONS 

Mon~tonng of the Western boller control system w1l be best accomplished by comparing ~ t s  
operation to the Russlan controls to be Installed In 1994 The number most relevant for 
cornpanson is the steam energy delivered to the dlstrlbutlon system per unit of resldual fuel 
consumed by the bollers 

Monltorlng of the efficlency improvements produced by the maln steam llne drlp leg steam 
traps IS not easily nor cheaply done The savlngs, though substantial, wlll not represent a 
major fractlon of steam purchases Est~matlng the savlngs attrlbutable to the maln steam line 
dnp legs would be very difficult, and lf possible, very expenslve We do not recommend 
monltorlng thls lmprovement 

Steam usage In the lateral line serving the resldentlal and commercial faclllt~es can be 
monitored Three flow meters, pressure and temperature compensated, w l l  be adequate One 
flow meter should be installed near the beglnnlng of the llne The rema~nlng two meters 
should be Installed after the laundry faclllty one mon~torlng the steam usage of the residences 
and the second monitoring the steam usage of the bath faclllty associated wlth the residences 
If these meters are installed before the condensate line IS constructed, a comparison of use 
before and after steam trap lnstallatlon during perlods of comparable weather wlll enable the 
savings attrlbutable to the four new steam traps to be estimated 

Plant personnel suggested that there could be slgnlficant waste of steam by the resldentlal 
faclllties In particular Structural lmprovement IS one optlon to Improve efficlency In the 
future Modulation controls could also be Introduced for space heatlng energy The meters 
could demonstrate the effectiveness of these future measures ~f and when ~nstalled 
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APPENDIX A 

Photographs 



F~gure 1 Ex~stlng Refinery Boller Plant 

F~gure  2 Eusting Retlnery Boller Plant 
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Figure 3 New Boiler Equipment at the Refinery 

Figure 4 New Bo~ler Equ~pment at the Refinery 
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F~gure  6 Audltor w ~ t h  hfoscow 011 Refinery Staff 
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APPENDIX B 

Moscow T~mes Art~cle 



Moscow Times 
NO 452 FRIDAY APRIL 29 1994 I6 PAGES 

Politicians 
Sign Pact, 
But Is It 
'Historic'? 

Redent  Bas Yeloln pscntcd hs 
pdlld 81 a gnndstgnlng 
ceremonv m lhc K m l l n  on Thundav 
but u h i  haled the pKt ar a -h~sto; 
c h a m  for the m u n t y  doubts re 
malncd that 11 amed any real wctght 

YelEm h n k d  by hs  h m e  M ~ n s u r  
Viktor(herrwmyd~n Patnanh Akxy 
II and the roukers of both h o w  d 
parlldment h l d  a packed gathering un 
dcr the chandelan d St Gemek Hall 
tha"wehavcahraoncctwaitntt~t 
tng a poom of rcmnc~ltn~on and re 
bulldlngaeDwd tn the awntry 

Almasl eight dccada ago a temblc 
tragedy befell our country Yeln~n told 
more than MO lnv~tcd guats at the cer 
cmony whwh was broadcaw live on na 
Ilona1 l c lmr~on  

R w a  was plunged into clvtl war 
whcn bmhcrfought bmthcrand father 
foughtmn. a bloody llne dlnded people 
lnlo Whl ta and Reds Into us and 
l h m  tnt0cncmlaof each other he 

conttnued In an appeal for unnty The 
c u m  of that war has becn haunrtng 
R u ~ Y ~ c Y Y ~ ~ ~ R - -  -- - 

Yellvn md h s a l l ~ a  havcpromoted 
Ihe Paa on Soc~al Accord as the m t  
mponant pollt~cal event of the year a 
two-year truce that would take Runla 
from under the shadow d pollttcal VIO. 

lena 
But much of the oppor~t~on has re 

)coed the acmrd as a cyn~nlattcmpt to 
onrolldate on Yeltslnb crushtng of thc 

Supreme Sovrt krt OoDbcr and on the 
strong pra~denttal conultutlon he 
pushed through at a referendum last 
Decrmkr 

In a wnaur pol~t~aldanaCommu 
not Pany leader G e n ~ d y  Zyuganov 
who hasdkd the pa an lnvltatmn to 

Watch Out, Comrades: Yak's Back 
:?'!F=zkc;.* afterwards but a few days later Stollchny Bank and (he Q l c m m h  

Yakubomky fled from yo(nd w n t y  Commltue d the R w n  Federation 
D m ~ y  Yak~bonky Ihc3O-ycu~ld agents sent out bv Baranntkovk d l rcr  At  the same tlme he sad he a 

I a m r  who ~ e d  the country I& w m  a d d m e  hond&dk~lome~coscuh wortlng on a p a t  p d w t c  thnas on 
m n  after helpng Pmldent Born tclorecvcntually flpntback toCmrC R w h  Comc~tutlaul Coun 
Yeloln ~nnn lg l c&pmn a b x i m  from Armenla . - - I don1 u r e  how much money I 
buuns-udnuk1ngupto2Bm1llan O n I y k t D e c c m b e r - a h c r h  make Ii'r the wofk that I cn~oy 
~ b k a  month o ~ k m  Ru!AaUd thc f m S u p ~  Yakubonky sad wh~le add~ng that he 

W m  R l a ~ r . f t e r a ~ ~  Sovat were crushed - d d  11 kmnc only enjoyed tt rn Rltuu. He d ~ d  noc 
pr oclp hun the country hrc rear safe for Yakubonkv to return from work tn C I A  'Over there ti\ a dd 
Yakubonlry keep an atrdda&ots Canada where he h;d been l m n g w b  rqrgst atmosphere present lndefinltc 
g h r  at h a  rrwdcnsc ln thc rrulthy hn lounh mle a (icudm o ~ u c n  and rerular he w d  'But In Runu  11% a 
dach. suburb d Z h u k m k  which a 
guarded by men mth whnachtncgum 

Yakubovlrybstory whlch kept the 
Rurr~an rundal presses hummang last 
summer began on a day In July when 
he was summoned out of x l f  1m-d 
cxtle In Canada by Yeltwnsstan 

According to publshed accounts 
that read ltke spy ficrlon but havc k e n  
largely confirmed byodc~als lnvolved 
the young lawyer was lnstallcd an arc 

therr daughter SI~KC then he md. two 
of hncan havc k e n  h ~ t  by loma. 

I d o n t k n o w ~ f t h o x w m ~ u a s m  
dents but qu~tc honestly I don1 carL 
about thn rubbsh he satd What can 
they do to me I can draw my gun and 
fire off two rounds tn only two and a 
half seconds7 

I t  rr hard to paure such aglllty from 
th~r  ponly figure who ordcn a servant 
to brtnn salad, dumolmer and cake 

mote of f ia  ~ n i h e  Krcmlln and lold to only hazan houra11e;lun;h 
s~ f t  lhrough p t l a  of document$ tofind But Yakubonkvu far lrom Idle He 
evldcncc of corruptloo Two of h s  tar has xi up he own law firm Attorney 
gets were Viktor Barann~kov and Yakubonky nndComradn wheh pro. 
Alexander Rutskol xcurltv mtntsler vtda consultrne on ~niernauonal bust . . ... 
and v r e  prcvdent d RLKS~ i t  the lame ncu lcgalataonm~e satd he npcctcd lo 
amrding lo thev asmunu make about ZOrn~ll~on rubles 6 1  1600) 

Baranntkov was dlsmtrvd shortly ~n Apnl from dxcne I~kc ~ ~ t b a n k  
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New Taxes 
Jeopardize 
Billions for 
Oil Sector 
BySvnLsrmn 
T*.*OIC . Y'f 

Smnl btllmn QlhnIn cnt la l  for 
a p r p a u ~ c w t h e  R u ~ l a n a l x c t a  
IIT at risk bcsluv the gwcrnmcat has 
refused to cxcmpl the loam Ira a 
b o y  of new ma R w n  and Wevcrn 
oflicuk YY 

D a p t c  World Bank requests and 
officlal statements tothe contrary the 
gwcrnmcnt has yet to l ou t  assunncn 
that tax= would not be charged on 
equ~pment purchavd wth loans pr* 
wdcd by the World Bankmd the E u m  
pean Bank for Reconstructwn and De 
vclopment Ihe offic~ah sad 

lgor Staror~tn an offic~al w~ th  the 
Fuel and Energy Ulnatry sad that put 
ckmththcpmcccdsdtwoloamto 
the o ~ l  sector -1610 mtll~on from the 
Wald Bank andS174 rnllllon from the 
EBRD - would be s u b F  to a 20 per 
cent value added tax and a 3 percent 
spec~al t u  u well ar other levas lor 
traruporcltwn and c u r t o ~ x m m  

Both loans arc now betng d~sburvd 
and cqulpnent has becn ordered 

The effect of taxtne the loans IS lo 
damtntsh and In some cases hall ald lo 
O I V K u S s i a P  
top pnorlty of Western governments 
The Industry has expcrlcnccd steep 
productton decltncs. and badly needs 
Investment so the country can lncrcaw 
m hard-currencycamlngr. 

The expansion of lnvcstmcnts In 
th~s sector IS In jeopardy satd Lou 
Naumonkt reszdcnt reprnentallve for 
the EBRD In Muscow He added that 
romc Ruman companies had reanlly 
dcodcd not to u x  EBRD o ~ l  loans at 
all bqc ly  b u r  the unforacen u x a  
had made tharpmjccts umconomral 

Starortln sa~d that the same tares 
would apply to a swmd $610 mlll~on 
loan tothc o ~ l  ~ndusirv that the World 
Bank hopatopvnplc i  an Junc a w c U  
a ro $2 b l l ~ o n  m guarantees berna me 
v~ded by thc US-Export ~ m ~ o r t ~ a n k  
for the purchase 01 US otl cqu~pnent 
a d  olhcr kansdanned bv the EBRD 

The ma did not ex& whcn the 
loanrwem .ppmvtd *w p r a r d  have 
kcomc a mprpo tn t  In o n p n g  ncg* 
l la t~om beween the World Bank a d  
the R- gwcrnmcnL sad Vd lm 
Voron~n h u d  d o ~ l  projects at the 
World Bank d f i a  In M- 

A mccsng k w c c n  government d 
6 ~ h .  thc f i w  Mlnatry Ud the U1 
xma aphnncd for n e x k k  tod t t  
cuss the nuncr But Staratln Y I ~  a 
vote by t k p t r l w n t  mtght k ~ d e d  

See TAXES. Pqe  2 
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Yazov wbrepuently played down Tiu~r)aDn&y~-t.&p.ld.(~h~rhdarrpc~cdra~pbla~ h.ordpUlr# m ' ~ ~ ~ , " ~ ~ & a e  buuncu now 
the appotmmcnt In pubic sakngtt was h ~ m x l f  and had to ure the Y- of a In  1992 Shumelko belt& Yaku 7hcrormlrulnmwarulIUy W e d  ~ a k u b o n i ~  s t ~ l i c n ~ ~  the protcctlon 
a buruucrattccnor Yakubonky'stn boy bou*;~ to k s o d e m  that hesuws~cd bv Shumc~kob a b m t  ad- 11 of thc state whch suppltn the armed 
dtgnant r p o m c ?  Vladtmtr Shumctko then a fin! 

Yazov n an old bastard who awm dcpuly pnmc mtnulcr once d e r r l k d  
ply taoashamd toadrn~llhat hcdtdnl Yakubonky ar a non standard 
have the bratnr to solve the problem thtnker $lever tfrltghlly lmolcnl 

TAXES slapped on forctgncrr lcadtng to a Y 
rlcs of p m t a u  from fm tgn  b u r n u  

G n t t n u e d  f rom page 1 last Fnday Finance Mtnster Serge1 
Dubtntn tn an Internal government 

to r ~ l v e  the matter document made the m a t  unamb~gu 
The nsus of taxsng the use of the ous statement to date that the 20 p r  

loans ts the mi v r l o w  result 01 a Dc cent valucaddcd tar and 3 p r a n t  lp 
ccmbcr prcstdenttal decree that madc c at tar did not apply to forczgn loans 
forctgn In ertmcnts lcchnlcally subjcct Loans and crcdtu granted by for 
to VAT Appllcatton of Ihc decree by elgn banks and by acdlt  pvtng tmttlu 
offictals hassprcad a chill througn the l!omshould notbcsubjm tothevalue 
lorc~gn bustncsrcommunity in Russ~a added tax and the spmal (ax sad the 

In  rccent wceks a slew of other dccumcn~datcd ApnlZL 
taxes tnclud~ng lcvtcs on rental prop But the document d ~ d  not say 
cny and cxccsr wages havc been -hcthercqu~pmatpui~haudwtthpw 

I 1 

pcinoung htm to the rank d&l tn 
order l o  r ep ran t  Ihe vcunty dcfenv 
and tntcnor m lns tnu  ~nrtde thc p v  
cmment. 

wr I ram ~ t * rwY*ubOn ty  a 
man w a u m t c ( y  lktlled In  making 
fncndfia hl@ plua 

~ + i b o n L y t  ppLW hrcwdncss 

mcn whogurd htm24 houo aday For 
whtlc he says he ltkes all people hc 
ad& The re  arc people who conslder 
themxlvu my cncmtcs 

and EBRD 011 loam arc pfcparcd l o  
qu~ t  11 t h e ~ t u t t o n  u INN r w l v e d  

The World Bank poutton a twofold 
acwrdtng l o  World Bank ch~ef ccon 
omtst Charles 8I1lur 

F is t  11 wants the m e  tax rcglmc 
applted to 11s fin1 011 loan as cx~stcd 
when the loan agrccmcnt was s~gncd tn 
August Second a d m  not want any 
spctal ucrnptlons for tls ncx to~ l  loan 
I t  tr negottaltng for the government lo  
change the ruks for all forctgn lnva l  
mcnL 

ccfdr of fm lgn  lovu would k exempt 
lmmvaluesddcdtaxorIhe~her*mr 

~ k a l p r g e a s u d U r U I Q ~ C k  
N1ML4 

'under tk suG$-mI,A 
II onna a b w l  h 1 4 5  perant o f  UI~ 
loans would k s c a t  on federal ursr 

~lstcd by ~tuoalii 
In  thc past forclgn lnvcwon and 

Western atd officds have been untm 
p r e s e d o y a u u n ~ t r l m n  the Finana w h r h ~ l e m l h e ~ c e f f c c t l v e n m  
h(.n %try With conflact~ngs~tnalscom of the lo8ns. wrolc Wktor Agcycv dl 
np from d lfcrcnt m~ntsirtci some In rcnordPurneflcmza~uss~nal wc- 
c~tor r  havc put thc~rpro]ccu on hold ductan.nocut& Our n u m c m t ; ~  

unttl the lawn offinallv r c v d  Dulr to the Rtnwan amcrnment to be 
In  a lcttcr sent u r l k r  thu month to &lcd f m n  t u d  wey left u lun 

Pnmc Mlnntcr Vikfor Olemomyrd~n, mud. 
the head d o n e  Runtan otl e&pmY A r a a a f d u r m L I h e b u \ l s ~ t d  
that has alrcaay ordered UM mtlllon that n r o d  lhc Lroe pduQvn u%oa 
wonh of cqutp-ment undcr the World a o o q  ~ n v o l v c d _ ~ l h  thc World Bank 

---ax 
Reutcn q w t d  Zhtrtnavlky m uytng 
as he entered the hall. t n d l u t l n ~  ha  
caval~crattttude to the .lialr I f  Yclrstn 
s m ~ l a a t  me I I1 stgn I f  nol I dont 
know 

Thc paa u not kgally btndlng on stg 
natoncr l n r t ud t tm l l  be mon~ tmdby  
a spaa l  onnmmlon m t h  as yet undc 
fined powen I t  xu out thc t e n s  of a 
poltttcal truce. for the next two y u r r  In 
whch U~MICM pmn~c nel tk r  to call 
for p r c - t c rmckwr rmx  f o r s Inku  

Over. n u m k r d d r a f u m  of the 
daumcnt's tougher potnts havc k e n  
watered down. 

An carlrr obltgatton not t o  explat 
the nokn t  evenu d Augw 1591 and 
SeptemberOxobcr 1593 for po l t t td  
purpovr h a  been replaad by a vague 
unduu l r l q  I 0  8w*d rmtpllhcd ud tn- 
s u l u n ~ e v d u t m  d the Stmato. 

W a s t e h  Arrrves 
I 

HELSINKI - A tram carry 
tng spent nuclear fuel thc target 
o fa  protat by Finnah ant~nudcar 
aulvrur thu w c k  a a x d  tnlo 
R l n v  on Thunday a Finnuh 
state powcrampanysad 

A n  official of Ihc lmatran 
Votma mmpany wtd thcrc wcrc 
no tnctdcnts dunng thc fucls 
journey from a power plant on 
Finland s routh mast to the bor 
dcr 

uncondtt~onal surrender dendcd to 
attcnd the ceremony HIS pany iatcr 
sald Zyuganov had rcluwd to stgn the 
accord but mtght at a later date 

The rclat~rcly m ~ l d  fonnulattons of 
the mmt rcant  draft of the paa a p  
pared to have won over a majonty of 
the Duma Ftvc parltamcnt facuons - 
Ruu~a's QIotce the Pany d Rustan 
Unrty and Aao rd  R m e n  of R l m 4  
the Demaratlc Pany of Rusta and 
Vladtmtr U l~nnonkyS bbe r l l  Demo. 
cratlc Pany -stgncd the p a  

The leader of the ~nflucnttal Duma 
grouplng New Regtonal Poltcy tn the 
Dunu. Vlad~mtr Medvedev also at 
tended the ceremony but dtd not stgn 
because h a  erouo dcaded that 11 was 

all you need for you and your baby / author~red stocbsts of the famous ranee 

I 
" 

of mothercare products [ n a  a pdtuuipariy r x s & n o b n g p r c q u u d m t o & ~ f a  
Tw p011ml pmugdtd no( turn up changes tn l h c ~ t t u l u r n  but can m u  I at all thc refor&rt~~abloko bloc d mqu& c h n g r ~ ~ 3 1 F h m l f f u l I t ~ L h c  

Grtgory Yavl~nsky who hrr calkd the sub t l t rwnd thc  w t u a m  r n y a c r y  
from beaut~ful baby clothes I whole concept a wpue of tame and Ihe he pac~ wwp a h  stgned by trade 

to wear """atfive Ag"lan P ~ Y  untonr and rcltgwn orgrnlzrltom A l l  
Zhtrtnonky dcudcd wtlb typcal the republloof the Rvnun federalton 

prams to toys 
bedd~ng to baby bottles 
cots to car seats 

showmamhlp to put h s p n  to Lhe psc( stgned m t h  (he exccpllon d rebel 
only at thc last moment Commcnung Chcchnyaaddl the regmmexccpfor 
on the pau  to reponcn 8s he left for Vladtmtr and Kunemvo w h m  ludcr 
the Krcmlln hc satd -to hell wlth 11 Aman Tuleycv n an old adversary of 
but stgncdall t h e m e  Yclmn 

Holme Roberts & Owen LLC 
n pleased l o  announce the move o f  o u r  law o l l i m  m M o w o w  to 

Krrvokolmy Pereulok 14, 
Entrance 2, Suue 30 

Moscow, RIISSU IOIOOO 
925-7816 (Phone) 
923 2726 (Fax) 

O p c n H o u w  M a y  I2 19% RSVP 

Denver Salt Lake City London Moscow 

a complete range of your requirements 
wallable for the f irst t ~ m e  In Moscow 

now open 
che Valdal Centre Novy Arbat. 

Tel 245 0026 ext. 1 3 19 

take care take babycare 
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APPENDIX C 

Energy Conservation Opportun~ties (ECOs) 



ECO- 1 

Automatic Boiler Control Svstem on one of Four Supplementarv Steam Boilers 

A Problem 

The MOR is presently replacing eight supplementary steam bo~lers  originally built in 
the late 1940's and early 1950's w t h  elght new 10 metrlc ton per hour steam output 
boilers Replacement of four of the existlng boilers w11 be completed by August 
1994, and the remaining four replacements w l l  be installed in 1995 The first four 
bollers w l l  have a conventional Russ~an boiler control system Installed The design of 
this system IS more than 10 years old Gas composltlon In the exhaust stream is 
measured through a sampllng process result~ng In extended feedback times 
Adjustment of the Inlet dampers on the Induced draft combustion alr supply system is 
done manually This control process is slow and Inaccurate 

Plant personnel belleve that bo~ler effic~encles on the four bo~lers  to be Installed In 
1995 can be Improved by 10% w ~ t h  the installat~on of a modem automatlc control 
system w t h  short response tlme and more accurate monltorlng equ~pment A more 
conservative savlngs estlmate of 5% was assumed These bo~lers w11l operate about 
8,000 hours per year dellverlng a total of 40 metrlc tons of steam per hour At t h ~ s  
t ~ m e ,  controls for one bo~ler are belng recommended as a demonstrat~on Any boiler 
effic~ency Improvement w ~ l l  reduce MOR's steam purchase requlrements ( the~r  most 
expensive energy budget requirement) by the amount of the effic~ency Improvement 
In other words, ~f the automatlc control system allowed them to produce 5% more 
energy w t h  the same fuel use the~r  steam purchase requlrements would be reduced by 
5% steam output of the bollers, In thls case 5% of 10 metrlc tonshour or 5 metrlc 
tonshour reduct~on In steam purchase requlrements 

C Analysis 

Since the new bollers w l l  be displac~ng the use of purchased steam from Regional 
Plant #22, the savings can be calculated on the bas~s  of thls reduction In steam 
purchases It IS also assumed that wlth the exception of maintenance per~ods, the 
bollers w l l  be In operation all year round Thus, a value of 8,000 hours per year w l l  
be used From steam tables, the enthalpy of steam at 13 atmospheres gauge (191 pslg) 
and 280 "C (536 O F )  can be found to be 714 17 x 10 Gcalkg (1,288 Btuilb) 



The annual energy savings can then be calculated 

E = 5 tonshr x 1,000 kg/T x 8,000 hrlyr x 714 17 x 10 Gcallkg 
E = 2,857 Gcallyr 

At the local energy rate of 18,000 RIGCal ($lO/GCal) the annual cost savings, CS,,,,,, can be 
calculated 

CS,,, = 2,857 Gcallyr x $IO/Gcal 
CS,,,,, = $28,5 101yr 

Using the world energy rate for steam of $30/Gcal, the annual cost savlngs, CS,,,,,, can be 
calculated 

CSWorld = 2,857 Gcallyr x $30/Gcal 
CSwOrld = $85,71O/yr 
Cost of the equipment = $70,000 

The simple payback perlod for this recommendatlon using the local energy rate is estlmated to 
be 

Simple Payback = $70,000 / ($28,57O/yr) = 2 45 years (9 months) 

Uslng the world energy rates, the s~mpie payback per~od is estlmated to be 

Simple Payback = S70,000 / (S85,710/yr) = 0 82 years (10 months) 



Installa~on of Steam T r a ~ s  In the Drip Lees of the Main Steam Distribution Svstem 

A Problem 

Currently condensate formed In the maln steam d~stribut~on plpellnes IS draned along 
w t h  steam escaping Into the atmosphere through gate valves which are left sl~ghtly 
open None of thls condensate IS returned to the boller room even though condensate 
return llnes are located adjacent to the steam llnes The overall effic~ency of the bo~ler 
plant is sign~ficantly decreased because boiler make-up water at 10°C (50 OF) must be 
supplied to the bollers Additional costs are incurred due to boiler feedwater treatment 
chemicals (if any water treatment actually occurs) which must be added to the 
incoming feedwater 

B Proposed Solution 

Install 10 steam traps in a sectlon of the main steam d~stribut~on system Connect the 
discharge of the steam traps to the existing condensate return lines for the return of the 
condensate to the boiler system 

The pressure for calculation and trap slzing purposes is estimated to be 6 atmospheres 
(88 psig) The lnslde diameter of the steam plplng is 400 mm (15 75 Inches) The 
drip legs are assumed to be approvimately 100 m (328 feet) apart 

Per Table 17-1, pg 17 of the Armstrong "Steam Conservation Gu~dellnes for Condensate 
Drainage" the value for condensate dralnage for a 16 inch pipe carrying 125 pslg steam is 
0 99 lb/hr/llneal ft The value prov~ded is for a well Insulated pipe In st111 alr at 70 OF 
Because the actual plping is outdoors In non-still air, this condensate drainage value will be 
increased by 50% The new value conservatively accounts for increased condensate 
producbon heat loss Thus, the amount of condensate drainage per each drip leg can be 
calculated 

Condensate Drainage = 0 99 Ibhrlft x kg12 2 Ib x 1 5 u 328 ft 
= 221 kg / hour (486 Ib / hour) 

The condensate return system operates at 3 atmospheres (44 ps~g), thus a steam trap w t h  a 3 
atmosphere pressure drop will be requ~red The enthalpy content of saturated liquid at 44 
p s ~ g  is glven in steam tables as 243 36 BTUIlb The enthalpy of saturated l~quld at 50 O F  is 
also found In steam tables as 18 07 BTUIlb Thus, the energy lost by ventlng the condensate 
to atmosphere can be calculated 

Energy Loss = (243 36 BTUIlb - 18 07 BTUIlb) = 225 29 BTUIlb 



The energy savings (E) can be calculated 

E = 221 kglhr x (225 29 BTUIlb x 2 2 lblkg) x Gcal13 96 MMBTU x 8,760 hfyr 
E = 242 3 Gcallyrltrap (959 5 MMBTUIyrltrap) 

And for the total of ten traps for t h ~ s  retrofit, the energy savlngs is est~mated to be 

ES,,, = 10 x 242 3 = 2,423 Gcallyr (9,595 MMBTUIyr) 

The cost savlngs uslng current, local energy prices for steam (18,000 RIGcal) can be 
calculated 

Cost Savings = 2,423 Gcallyr x 18,000 R/GCal x $11,800 R 
Cost Savlngs = $24,23 O/year 

The estimated cost of the steam traps IS $1 50 00 per steam trap Thus, for ten traps, the total 
cost w11 be approximately $1,500 

S~mple Payback = $1,500 u year/$24,230 = 0 06 year (20 days) 

S~mple payback uslng World Energy costs ($30/Gcal) 

Sav~ngs = 2,423 Gcallyr x $30/Gcal = $72,69O/yr 
S~mple  Payback = $1,500 x year/$72,690 = 0 02 year (7 days) 



Installatron of Steam T r a ~ s  in the Lateral Steam Llne servlng some Small Servlce Hot Water 
and S ~ a c e  Heatrnn Reaulrements 

A Problem 

Currently, a small (150 mm ID [ 5  91 inches]) lateral steam distribution line servlng a 
small office, two bath houses, a laundry faclllty, and some residential buildings w t h  
space heating and/or service hot water is causing production problems for the refinery 
In severe wnter weather The use of steam by this lateral in very cold weather often 
reduces delivery to processes downstream of the lateral When thls happens, the 
production rate of the process is lowered, reducing the plant utilization factor In 
addition, there are no steam traps on the lateral, and any condensate produced In the 
llne is blown off at two locations by sllghtly openlng an exlstlng valve to the 
atmosphere At one location the steam blown off in thls manner produced a very 
large plume w t h  ambient temperatures of about 12-15 "C (54-59 OF) 

B Proposed Solution 

Install 4 steam traps In this lateral steam line and construct a condensate return line 
from the last steam trap back to the main distrlbutlon system condensate return 
Connect the discharge of the steam traps to this condensate return llne for the return of 
the condensate to the boller feedwater system Thls wlll reduce the steam wasted by 
blowlng off condensate Return of condensate will Increase steam production at the 
supplemental bollers Future buildlng structural Improvements and/or space heatlng 
modulat~on controls can reduce steam usage In this divers~on llne even further 

C Analysis 

The pressure for calculation and trap slzlng purposes is estimated to be 6 atmospheres 
(88 psig) The inside d~ameter of the steam piping is 150 rnm (5 91 ~nches) up to the 
locatlon of the second steam trap At this polnt the diameter of the steam line IS 

reduced to 80 mm (3 15 Inches) The distance from the maln steam distribut~on 
system to the location of the first steam trap IS about 87 meters (285 feet) The 
distance between the location of trap #1 and trap #2 IS about 143 meters (470 feet) 
The remalnlng two traps are at distances of about 76 meters (250 feet), respectively 

Per Table 17-1, pg 17 of the Armstrong "Steam Conservation Guidelines for Condensate 
Dralnage" the value for condensate dramage for a 6 Inch pipe carrylng 125 p s ~ g  steam IS 0 44 
Ib/hr/lineal ft, and about 0 24 lb/hr/lineal ft for a 3 Inch plpe The value provlded is for a 
well insulated plpe In st111 alr at 70 OF Because the actual piping is outdoors In non-st111 air, 
this condensate dralnage value w~l l  be Increased by 50% The new value conservatively 
accounts for Increased condensate production and heat loss Thus the amount of condensate 
dralnage at each trap can be calculated 



Trap #1 Condensate = 0 44 lbhrlft x 0 454 kg/lb x 1 5 x 285 ft 
= 85 4 kghour (188 lbhour) 

Trap #2 Condensate = 0 44 lbhrlft x 0 454 kg/lb x 1 5 x 470 ft 
= 140 8 kghour (3 10 lbhour) 

Trap #3 Condensate = 0 24 lbhrlft x 0 454 kg/lb x 1 5 x 250 ft 
= 40 9 kghour (90 lblhour) 

Trap #4 Condensate = 0 24 lb/hr/ft x 0 454 kg~lb x 1 5 x 250 ft 
= 40 9 kghour (90 Iblhour) 

Total Condensate = (85 4+140 8+40 9+40 9) kghr  = 308 kghr  (679 lbshr) 

The condensate return system operates at 3 atmospheres (44 psig), thus a steam trap w t h  a 3 
atmosphere pressure drop w11 be required The enthalpy content of saturated 11qu1d at 44 
p s ~ g  is given in steam tables as 243 36 BTUAb The enthalpy of saturated l~quid at 50 O F  IS 

also found In steam tables as 18 07 BTUllb Thus, the energy lost by venting the condensate 
to atmosphere IS 225 29 BTU/lb The energy savlngs (E) can be calculated 

E = 308 kghr  x 225 29 BTUAb x 2 2 lblkg x Gcal/3 968 MMBTU x 8,760 hlyr 
E = 337 Gcallyr (1,337 MMBTUIyr) 

The cost savlngs using current, local energy prlces for steam (18,000 RIGcal) can be 
calculated 

Cost Sav~ngs = 337 Gcallyr x 18,000 RlGcal x $11,800 R 
Cost Sav~ngs = $3,37O/year 

The estimated cost of the steam traps is $600 total and MOR personnel will construct the 
lateral condensate return l ~ n e  for $300 Thus the total cost w ~ l l  be approx~mately $900 

S~rnple Payback = $900 x year/$3,370 = 0 26 year (3 2 months) 

Slmple payback uslng World Energy costs ($30/Gcal) 

Savtngs = 337 Gcallyr x $30/Gcal = $10,11O/yr 
Simple Payback = $900 x year/$10,110 = 0 09 year (1 month) 



APPENDIX D 

Flow Meter and Steam Trap Specificat~ons 



Flow Meter S~ecificat~ons 

Flow meter (one 6" model, two 4" models) In-line vortex shedd~ng flow meter w t h  LCD 
d~splay, 4-20 mA DC and scaled pulse outputs, 300 psi rated flanges 

Pressure transmitter (three requ~red) 0-300 p s ~ g  rangeab~l~ty, stainless steel construct~on, 4-20 
mA DC output, 1101220 VAC 50160 Hz 

Temperature sensor w t h  remote mount transm~tter (three requrred) 1101220 VAC 50/60 Hz, 
0-300 OC range, thermowell requrred 

Mass flow computer (three requ~red) 1101220 VAC 50160 Hz powered, accepts pressure, 
temperature, and flow signals from the meters above, compensates flow rate to standard 
conditions, mounted In a NEMA 4 fiberglass enclosure 

Installation k ~ t  (three required) two each Interconnect wlre, two wire (20 gauge) shielded, 
200' spool, 4" or 6" flanges and gaskets as requ~red, stud bolts, nuts and washers (stainless 
steel) to be used with the above 4" and 6" flanges 

Est~mated Cost $15,500 

Steam Trap Spec~ficat~ons 

At an estimated flowrate of 221 kghr and a pressure drop of 3 atmospheres, a steam trap 
s ~ m ~ l a r  to Armstrong model 1010 should be selected Using the Russian des~gnat~ons, ten 
112" steam traps wlth 118" orifice should be Installed The trap should have a 112" flanged 
fittlng and be fully constructed of stamless steel To prevent theft, tamper resistant bolts 
should also be suppl~ed wlth the ten steam traps A tool should also be supplled to install and 
remove the tamper resistant bolts 

At estimated flowrate of 40-140 kghr and a pressure drop of 3 atmospheres, a steam trap 
similar to an Armstrong steam trap model 1010 and 101 1 can be selected One Armstrong 
steam trap, model no 1010 112" steam trap wlth #38 orifice (Installed as the second trap), and 
three Armstrong steam traps, model no 101 1 wth  5/64" orlfice should be Installed Each 
trap should have a 112" flanged fitting and be fully constructed of stamless steel To prevent 
theft, tamper resistant bolts should also be supplled wlth the four steam traps A tool should 
also be supplred to Install and remove the tamper resistant bolts 



APPENDIX E 

Bo~ler Efficiency Test 



Boiler Effic~encv Test on old S u ~ ~ l e m e n t a l  Boilers* 

A combusbon efficiency test was performed on one of the existing boilers The results of t h ~ s  
test showed 

- excess air of 55% 
- CO emission levels of 3 ppm 
- NOX emission levels of 120 ppm, and 
- SO2 emission levels of 601 ppm 

Cornbushon efficiency estimated uslng 

- LHV for the fuel was 8 1% 
- MN for the fuel the effic~ency was about 77% 

* Supplemental Bo~lers are in the process of being replaced 



APPENDIX F 

Contacts List 



Representabves of MOR were as follows 

Konstanhn A Belanov Chlef Power Englneer, 
phone number 3 55-32-0 1 

Alexander A Marew Deputy Power Englneer, 
phone number 355-86-65 

Dr Nikolar Yalovega Chlef Research Worker, KOPEN Co 

Lyudmlla Donchenko Electrical Engineer, 
phone number 3 55-88-36 

Valeny Babkov Chlef Instrumentat~on Foreman 

Albert Smlrnov Deputy Instrumentatlon Foreman 

Additional MOR staff were contacted for ~nformation dur~ng the audit as requlred 

Representatives of the Moscow Inspect~on Agencv, EnergoNadzor were 

Sergle Goryachev, Inspector 

Alexandra Dolguina, Chlef Inspector 

Translation services - Ms R ~ t a  Ratner phone number 456-0033 



APPENDIX G 

Glossary 



AC = alternating current 
amps = amperes 
atm = atmosphere = 14 696 pounds per square inch 
bar = 100,000 pascals = 14 504 pounds per square Inch 
BTU = Bntish thermal unlt 
cfm = cublc feet per rmnute 
cm = centimeter = 0 3937 inches 
cmz = square centimeter = 0 155 square inches 
CO = carbon rnonoxlde 
co2 = carbon diox~de 
DC = d~rect  current 
OC = degree CelsiusT~C] = 5/9*(T["F] - 32) 
O F  = degree Fahrenhe~t 
OR = degrees RanklneTrR] = T[OF] + 460 
ECO = Energy Conservat~on Opporturuty 
eff = efficiency 
ex a ~ r  = excess air 
ft2 = square feet 
ft3 = cubic feet 
Gcal = glgacalorle = 1 blll~on calories = 3 968 nullion BTU 
GJ = glgajoules = 1 blll~on joules 
g ~ h  = U S gallons per hour 
gPm = U S gallons per rnlnute 
G Wh = glgawatt hours = 1 bllllon watt hours 
Hz = hydrogen 
' 3 2 0  = water 
HzSO4 = sulfur~c ac~d  
hectare = 10,000 square meters = 2 471 acres 
hectol~ter = 100 liters = 26 42 U S gallons 
H g = mercury 
h r = hour 
Hz = hertz = cycles per second 
.J = ~oules  
kcal = hlocalones = 1 thousand calor~es = 3 968 BTU 
kg = lulogram = 2 2046 pounds 
Kgr = lulogram 
Kgcc = 7,000 kcal = 27,776 BTU 
kJ = kxlojoules = 1 thousand joules = 0 9478 13 BTU 
km = lulometer = 0 621 mles 
kN = k~lonewton = 1 thousand newtons 
kp = kopeck = 1/100 ruble 
kPa = k lo  pascals = 1 thousand pascals = 0 14504 pounds per square lnch 
kV = k~lovolts = 1 thousand volts 
kVA = kilovolt amperes 
hVAr = k~lovars = 1 thousand volt amperes (reactive) 
kW = k~lowatt = 1 thousand watts 
kwh = kilowatt hour = I thousand watt hours 
I bs = pounds 



l~ te r  = 0 2642 U S gallons = 0 0353 1 cublc feet 
m = meter = 39 37 inches 
m2 = square meter = 10 76 square feet 
m3 = cubic meter = 35 3 1 cublc feet 
mA = milliampere = 0 001 amperes 
MCal = megacalorie = 1 mllllon calones 
metrlc ton = 1 thousand kllograms = 1 1023 U S tons 
mg = m~lllgrams 
mln = m~nute 
MJ = megajoules 
MM = million 
mm = m~llimeter = 0 03937 inches 
MPa = 1 mllllon pascals = 145 04 pounds per square inch 
MVA = megavolt-amperes 
MW = megawatt = 1 million watts 
MWh = megawatt hours = 1 m~llion watt hours 
NG = natural gas 
nm = nanometer 
~ r n ~  = cubic meters at standard conditions of temperature and pressure (20°C 

and 1 atmosphere) 
NOx = nltrogen oxide 
02 = oxygen 
P = pressure 
PC = personal computer 
PPm = parts per mlll~on 
PSI = pounds per square inch 
PSlg = pounds per square Inch (gauge) 
R = ruble 
s = second 
so2 = sulfur d~oxlde 
sq ft = square feet 
Tcal = teracalorie = 1 triil~on calorles = 3 968 bllllon BTU 
T = temperature 
t h e m  = volume of natural gas 100 cublc feet, 100,000 BTUs 
TPS = Thermal Power Stat~on 
v = volts 
VA = volt-amps 
VArs = volt-amps (reactive) 
VSD = variable speed drive 
Y r = year 


