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EVALUATION OF ESCo ENERGY EFFICIENCY OPPORTUNITIES 
AT THE CIMuS CEMENT PLANT, ROMANIA 

The CIMUS cement plant is located m Cmpulung, Romama, about 200 lulometers north- 
northwest of Bucharest in the foothlls of the Carpathan Mountams Limestone is q u m e d  fiom 
a nearby mountain, crushed, and transported by a belt conveyor down to the factory Clay is 
excavated adjacent to the factory, crushed, and dned Pynte constitutes the thrd raw matenal 
In th~s  dry cement-malung process, the proper proportions of the three raw materials are ground 
to a fine dust in large ball rmlls The ground mxture is partially calcmed m suspension 
preheaters before bemg fed Into rotary lulns for the remaimg c a l c m g  and clmkenng processes 
The luln output, now called clmker, is mixed with adhtional lunestone andlor slag and ground 
in ball mills to make the final cement powder product 

The Electrotek Team conducted a preliminary energy audit at CIMUS over two days in 
September 1997 followed by four site visits by subcontractors and ESCo staff to take energy 
measurements and analyze the results Nine energy conservation opportumhes were idenhfied as 
potential ESCo projects (two co-generation opportuties and seven energy savlngs 
opportunities) which were analyzed for th s  stage of project development The prelmnnary 
analysis conducted by the Electrotek Team acts as a scoping study Adequate data was collected 
to obtain "budget" cost estimates fiom equipment vendors These were then compared to savmgs 
estimates in order to determine whether measures could be considered for more careful study an8 
inclusion in the project It must be emphasized that a measure that is selected m ths  lnltial 
techmcal and financial analysis must be subjected to much more ngorous scrutmy d m g  the 
preparation of the project business plan to be presented to financing organizations (the project 
business plan deliverable is due May 3 1, 1998) 

In order for an ESCo to be successful, the project development team must be able to weed 
through potential projects quickly so that hme and resources are devoted pmcipally to energy 
efficiency measures whch show the most prormse of being financially vlable The techmcal and 
financial analysis of Cimus followed this basic approach As a first step in the weeding process, 
some measures were dropped at the technical analysis stage (and are not included in t h s  report) 
because it was clear they could not be integrated Into the company's mndusbal process or did not 
have the necessary charactenstics to be considered For example, several potentla1 applications 
of vanable speed dnves were dropped early m the process when initial measurements 
demonstrated that the indusbal process required a constant load 

The second stage in the analysis required the calculation of modified paybacks based on initial 
cost and benefit estimates The return on investment required by an ESCo generally dictates that 
an energy-savmg measure needs a simple payback penod of less than five years to be 
economically viable Simple payback penods of three years or less are usually sought to give 
plenty of room to cover the costs associated with project development, whch include marketmg, 
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energy auditing, feasibility reports, and project management At h s  stage m the analysis, a five 
year payback penod was used as a threshold, recogmzmg that paybacks m the 4-5 year range 
would p-obably~eed to be r~Acddmng_r&emeIlt~)ftheanalys~ m order for h s e  
components to be included in the final project busmess plan 

Finally, the potential efficiency measurements with a payback of less than five years were 
analyzed using incremental cash flow analysis to calculate the net present values and mternal 
rates of return Simple paybacks can often distort the financial viability of a measure (e g , a 
three-year payback is not viable if the asset life is only two years) The rate of return analysis 
therefore gives an objective companson of the selected measures whle the net present value 
provides a financial measure of potential discounted benefit whch can be compared agamst any 
expected costs of m h e r  measurement and refinement of the analysis 

It should be noted that the co-generation m t s  were subjected to sipficantly more scrutlny at 
h s  stage of the analysis Smce the co-generation m t s  are expected to be owned by the ESCo 
(Energy-Sew) and the asset lives are generally likely to be well in excess of the loan repayment 
schedule, sigruficantly higher payback penods could be considered Cash flows were also 
prepared assuming a 30% equity ownership by Energy-Serv, forming the basis for the IRR 
calculations 

To adequately evaluate the potential ESCo projects, measurements of the air temperature, 
volumetric flow rate, and static pressure were needed at several different pomts along the cement 
production line Measurements of the dust concentration and particle size distnbubon of these 
a r  streams were also required The input kW of vanous motors and other electrical equipment 
were needed Equipment momtonng and further inquiries of the techca l  staff at CIMUS were 
conducted fiom October through December 1997 to collect the necessary data 

# 

POTENTIAL ESCo PROJECTS 

A summary of the budget cost estimates and energy savings calculations are presented in Table 
1 Details of the budget costs and estimated pre- and post-project operating costs are Included in 
Appendix A 



Summary Costs and Paybacks for Cimus Efficiency Measures 

Cllnker Cooler Heat Recovery 

Measures Considered 

A Cllnker Cooler Heat Recovery 
Scenario 2 Heat Recovery Only 

B Preheater Heat RecoverylNew Core 
Separator 
Scenar~o 1 New Core Separator 

C Replace CompressorlMotor Sets 

D New Dynam~c Separator 

E H~gh-Effic~ency Motors 
800-kW Motors (2 preheater ~nduced draft 
fans) 
400-kW Motors (2 electrostatic filter exh 
fans) 

F K ~ l n  Seals 

G K ~ l n  Burners 

H Motor - Generator Un~ts (2 x 920 kW) 

TOTAL (All but B) 
TOTAL (E-H) 

About half of the heat rejected from the hot clinker is currently recovered and used to preheat the 
luln combustion an- However, approximately 150,000 m3/hour of a r  is exhausted from the 
clinker cooler at 270°C and fed to a multi-cyclone dust removal system before being exhausted 
up the stack at 170°C The heat contained in th~s  relat~vely hot exhaust a r  could be used to 
preheat combustion air in the slag dryers 

With the ex~st~ng multi-cyclone dust removal system, the exhaust a r  still contains so much 
cl~nker dust that the exhaust fan blades continually erode, necessitating frequent repair The Inlet 
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Cost wl 
Cont~ngenc~es 

(USD) 

$1,014,005 

$1,561,545 

$1 24,024 

$688,568 

$1 26,990 

$91,210 

$447,400 

$58,925 

$1,479,870 

$4,030,992 
$2,204,395 

Operat~ng 
Cost 

Sav~ngs 

$147,750 

$1 47,750 

$8,986 

$56,390 

$50,518 

$24,114 

$1 56,865 

$22,912 

- $485,044 -- 

$952,579 
$739,453 

Payback 

6 9 

10 6 

13 8 

12 2 

2 5 

3 8  

2 9 

2 6 

- 3 1 

4 2 
3 0 



dampers of h s  exhaust fan are vaned to mamtam a certain negative pressure m the hln 
combustion chamber needed to draw the proper amount of combustion a r  

A retrofit was onginally proposed to install a new, more effective dust removal system, called a 
core separator, to reduce erosion of the fan blades and allow an adjustable-speed dnve (ASD) to 
save fan motor energy However, upon further mvestigation, it appears that the Inlet dampers of 
the clinker cooler exhaust fan are vaned only slightly to mamtain control parameters Therefore, 
ASDs are not deemed to be a cost-effective retrofit It will be more cost-effective to sunply 
recover heat immediately after the existing multi-cyclone with a heat pipe heat exchanger, 
eliminating the cost of a core separator and ASD 

Balancing the chemical equation for the combustion of natural gas mdicates that every cubic 
meter (m3) of natural gas consumed by the slag dryers requires a mimmum of 9 52 m3 of a x  for 
complete combustion However, combustion devices such as dryers and hlns use combustion ax  
in excess of the mnlmurn needed for complete combustion The staff at CIMUS says that the 
slag dryers use 5 77 times the mimmum amount needed for complete combustion Thus, 46,700 
Nm3/hour of combustion air is required for the 850 Nm3/hour of gas consumed in the slag dryers 
Nm3/hour stands for normal m3kour, or m3/hour at standard conditions (0°C=273K and 1 
atmosphere) Assuming that heat recovered fi-om the 270°C clinker cooler au can preheat the 
slag dryer combustion air to 240°C (5 13K) at roughly atrnosphenc pressure, the actual flow of 
preheated air at 240°C will be 87,755 m3/hour 

The heat needed to raise ambient air to 240°C is estunated to be 13 49 x lo6 H/hour Slnce the 
slag dryers operate about 3000 hours per year, the annual amount of heat needed to preheat the 
combustion air is 4 05 x 10" kJ/year The heat content of natural gas is estimated to be 37,263 
H/m3 and the efficiency of the slag dryers is assumed to be 90% Thus, the annual natural gas 
use that can be saved by preheating slag dryer combustion air with recovered heat is 1 09 x lo6 
m3/year T h s  equates to an estimated annual operating cost savings of $134,700 after accounting 
for the fan energy to transport recovered heat to the slag dryers 

The installed cost of the heat pipe heat exchanger, ductwork, fan, and motor is estimated to be 
$1,014,005 excluding Romma's value-added tax (VAT) of 22% for imported equipment The 
simple payback penod of 6 9 years exceeds the 5-year maximum required for an ESCo to cover 
the debt service 

Replace Exishng Electrostat~c Filter and Precipitator with New Core Separator 

Air with a significant concentration of dust is pulled from the preheater at 325°C and about 
205,000 m3/hour by a large induced-draft fan The air duct then splits into two branches One 
branch sends air and dust back to the raw mill and the other branch goes to a precipitator to cool 
the airldust mixture with water mist to 1 50°C before entenng the electrostatic filter (air above 
200°C would damage the electrostatic filter) The electrostatic filter removes the dust from the 
air using electncally charged plates and discharges the clean air up an exhaust stack 



It was ongmally hoped that a core separator, capable of handlmg addust rmxtures above 200°C, 
could replace both the electrostatic filter and the precipitator, thereby ellrmnatmg thelr energy 
consumption A heat pipe heat exchanger (HPHE) could then recover heat fiom the relatively 
clean, hot air and be used to preheat slag dryer combustion air 

Whlle the core separator will discharge cleaner au than the existmg electrostahc filter and 
precipitator, the addihonal recrculation fan requlred will increase energy consumption over that 
of the existmg equipment Even accounting for the decrease in water consumption and the value 
of the additional raw meal recovered, the annual operating costs associated with the core 
separator portion of the measure mcrease by $10 1,700 

Offsetting ths  mcrease is the reduction of natural gas use by the slag dryers and some 
mamtenance savmgs Estimating the slag dryer gas savings follows the same methodology 
descnbed under the clmker cooler heat recovery measure The net result is an annual reduchon 
m operating costs of $61,900 The 10 6-year simple payback penod shows that t h s  measure is 
not cost-effective 

Replace h r  Compressors 

The cement plant uses compressed air to pneumatically transport raw matenal and h s h e d  
cement product, and to mix raw matenals in the silos Most of the existmg m compressors have 
been overhauled several hmes and the motors operate at only 60% of their rated load By 
replacing two existing air compressor/motor sets with one new efficient a r  compressor, it was 
hoped that cost-effective energy savings could be gained 

The reduction in motor electricity use and compressor oil consumption are estlrnated to result in 
annual operating cost savings of $13,500 However, the installed cost estimate of $124,000 
gives a sunple payback penod in excess of 10 years -- double that requlred for a measure to be 
cost effective 

Replace Exlstlng Raw Mlll Static Separator wlth New Dynamic SeparatorIClassfier 

Classifiers are installed in the raw matenal and finish gnnding systems to separate the fine 
particles suitable for clinker production (raw matenal grmding) or production-quality cement 
(finish gnnding) The conventional turbo (statlc) classifiers currently used at CIMUS in the raw 
matenal gnnding system typically recycle as much as 60% of the clinker-production-quality 
fines back to the raw mill, resulting in overgnnding and increased energy use Replacing the 
existing raw matenal classifier at C I W S  with a new hgh-efficiency air classifier offers the 
potential to increase mill capacity by 15% to 50% and reduce the unit energy use for raw matenal 
gnnding by 10% to 25% 

Assuming an optimistic 50% increase in mill capacity, the annual cost to gmd the raw matenals 
needed to produce the current rate of 800 tonslday of clinker decreases by $80,500 However, 
these savings are offset by a $26,10O/year increase in electnc~ty to power the additional motor 
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required by the new dynamic separator The net reduction m annual operatmg cost is estlrnated 
to be $56,000 With an installed cost estimate of nearly $700,000, the slrnple payback penod is 
about 12 years The capital cost of ths  measure is not justified by the net annual savrngs 

Hlgh-Efficiency Motors 

CrPvrUS uses motors ranging flom 100 to 1,600 kW that operate 15 to 24 hours per day These 
motors are over 10 years old and many have been repeatedly overhauled to uncertam quality 
standards Replacing selected, large, hgh-use motors with new high-efficiency motors often 
result in relatively quick simple payback penods In particular, spot measurements of motor 
input kW indicate that at least two 1000-kW induced draft preheater fan motors and two 500-kW 
raw mill deduster exhaust fans are sign~ficantly oversized and may offer potential for 
replacement with new, high-effic~ency motors 

Bemg oversized, the existmg motors operate at less than full-load performance The new motors 
will be rated at 800 kW and 400 kW to more closely match the actual load of 782 kW and 383 
kW, respectively The new motors will have better full-load performance than the ex~sting 
motors and will also avoid the existing part-load energy penalties 

It is ~mpossible to determine the actual efficiency of the existlng motors without shutting down 
one of the cement plant production lines W l e  motor Input kW can be easlly measured in the 
field, calculatmg efficiency requires knowing how much power is delivered by the output shaft 
and compamg it to the input power Determimng shaft output requires removing the motors and 
testing them in a laboratory on a dynamometer -- facilities that are difficult to locate m Eastern 
Europe, even if the disruption to cement plant operations could be tolerated 

As a result, energy savings flom install~ng new motors must be estimated by assurmng a 
percentage increase in efficiency A somewhat conservative 5% efficiency increase might 
normally be assumed However, several factors favor assuming a 10% efficiency mcrease as an 
upper bound These factors Include the age, the low relative efficiency, and the part-load energy 
penalties of the existing, presumably Russian-built, motors The annual energy savlngs are 
estimated at $50,000 and $24,000 for the 800-kW and 400-kW motors respectively assurmng a 
10% increase m efficiency 

The installed cost of replacing the two exlstlng 1000-kW mduced-draft preheater fan motors and 
two 500-kW raw mill deduster exhaust fans with new 6000-volt hgh-efficiency motors is 
approximately $127,000 and $91,000 respectively Ths  results in a simple payback penod of 
2 5 years and 3 8 years Upon fbrther financial analysis, the first two motors appear to be well 
viable as an ESCo project, but the 400-kW motors would need to be sourced at a lower cost or 
energy pnces would have to come up for them to be viable after sensitivity scenarios are run 
Nonetheless, it is close enough to viable to be worth further study 



To improve the attractiveness of h s  measure, the Electrotek Team is attemptmg reduce the costs 
of the 400-kW motors by locating vendors with 380-volt models in thls size range TINS could 
conceivably reduce the installed cost of the measure by almost $40,000 

Whlle the payback penods for the selected motors is under the maxlrnum threshold for paybacks 
to be considered in a more detailed analysis, an intermediary step is necessary to reduce the 
chance of spending too much money on analysis of a measure whch has a sign~ficant probability 
of being marginal The Electrotek project team will next develop a plan for carrylng out 
additional, more costly measurements at Cimus and solicit bids to estimate the cost of thrs work 
For mstance, the output requirements of the preheater fan motors could be estimated by talung 
measurements of the air flow from the exhaust, but these measurements may cost so much that 
they would Increase the total project costs beyond what can be recovered by any increased 
efficiency gains through more accurate sizmg of motors Using probability techmques, the team 
can make tlus determation based on bids by specialist measurement firms compared to the 
probabilistically weighted nsk mihgation which is gained through mcreased certamty 

f i l n  Seals 

Infiltration through madequate luln seals allows preheated a r  fiom the cllnker cooler, whch is 
used as secondary combustion ar ,  to be displaced by cold ambient air More fuel is then 
required to acheve the necessary kiln gas temperature The seal on the feed end of the luln can 
present an even larger source of leakage due to its closer proximity to the suction side of the 
induced draft fan Because the equipment is rotating, the design and maintenance of seals are 
hfficult technical problems However, advances in the past five to ten years may offer the 
potential to acheve and retain cost-effective fuel savings 

The techmcal staff at CIMUS inhcates that false air entenng the kiln is 1 059 Nm3 per kg of 
clinker produced (Nm3 denotes a r  at the standard conditions of 0°C and 1 atmosphere) T h s  
false air enters pnmanly through the existing luln seals and must be heated fiom ambient 
temperature to the luln combustion temperature of about 1900°C It is difficult to estimate the 
fire1 savings that might result fiom installing new kiln seals smce the operation of every luln is 
somewhat uluque However, it appears conservat~ve to assume that new seals could reduce 
infiltration of false air by at least 3% 

By correcting the density of false air based on the average monthly ambient temperature and 
applying it to the 1 059 Nm3ikg and the estlrnated monthly production of clinker, the mass flow 
rate of false air entenng each luln each month can be estimated The fuel required to heat t h s  
false air to the kiln temperature can be denved using the specific heat of ar ,  temperature 
difference between the kiln combustion temperature and the ambient air, hln combustion 
efficiency, and the heat content of the fie1 (e g , natural gas or fie1 oil) The annual savings in 
kiln he1 costs savings are estimated to be about $1 57,OO 



The cost of installing two new hln  seals on each of the four operating hlns is $447,400, whch 
results in a payback penod of just under 3 years 

New JQln Burners 

Based on discussions with the techcal  staff at CIMUS, it was ongmally thought that new 
burners in all four operating kilns could result in cost-effechve energy savmgs After tallung 
with several burner manufacturers, it appears the only real opporhmty for energy savlngs by new 
burners is on h ln  #5, whch has a gas-only, single-nozzle burner built in 1972 A new burner 
can provide more stable and hotter flames, more complete combustion, and better flame-shapmg 
control Again, the energy savmgs associated with these benefits are hard to quantify 

The h l n  combustion system consists of the burner, the pnmary air system, the fuel supply 
system, and the secondary air Because 75 to 90% of the combustion a r  is secondary ax  
supphed drectly fiom the clinker cooler, the h ln  aerodynamcs play a cntical role m the fuel-to- 
a r  mixing and the overall performance of the burner By matchng a new burner to the 
aerodynamics of the hln/cooler system through precise regulation of the quantities and velocities 
of fuel and air, fuel savings of 2 to 10% can be achieved 

However, most burners operate satisfactonly in most hlns without adjustmg the aerodynamics 
Assummg fuel savings of 1% fiom the installation of a new burner alone appears reasonable A 
1% reduction in the natural gas consumption of h ln  #5 is estimated to save $23,000 annually 
The cost to replace the existmg burner on h ln  #5 is approxmately $60,000 for a smple payback 
penod of about 2 6 years 

If necessary, h ln  aerodynamics will be adjusted for optimal burner performance A detailed 
inspection of the h l n  and clinker cooler are required to estimate the equipment and labor 
requlred to closely regulate fuel and air flows, but the increased savlngs should more than offset 
these additional costs, if needed 

Motor Generator Un~ts (2 x 920 kW) 

One of the pnmary raw matenals in cement rnanufactunng is clay Cimus mmes clay at a 
location about 100 meters fiom the plant, crushes it and then transports it by conveyors to the 
plant Before blending the clay wth other raw matenals and calclmng the mixture ~n a rotary 
klln, the clay must be crushed and dned C~mus uses the "dry process" of cement manufactunng, 
whch basically means that all matenals entenng the rotary kiln have been pre-dned The dry- 
process is a more efficient cement rnanufactunng process then the "wet process" As the name 
implies, the wet process does not pre-dry matenals before entenng the hln, and as a result, h ln  
energy consumption is sigmficantly higher than m the dry process 

Cimus uses two gas-fired dryers to dry the clay The temperature required for drying is about 
200°C However, when natural gas is burned, it has a temperature in the range of 1000" C to 
1500" C - much hotter than what is required for the clay drying operation To obtain the proper 
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drymg temperature, Clrnus rmxes a lot of au m with the combustion gases to lower the 
temperature to the proper range, wasting energy in the process 

Energy-Serv and the project team examined the feasibility of installmg 2 x 920 kW natural gas 
fired reciprocatmg engme co-generation units The u t s ,  as shown m Figure 1, would burn 
natural gas to generate electncity, and use exhaust gases from the engne to dry the clay The 
exhaust gases are at a temperature of about 450°C, and can be exhausted directly mto the dryer 
without any filtenngklearung Additional energy will be recovered fiom the engme coollng 
water and used to heat buildmgs dmng the wnter months 

Englne Generator 1 920 kW 

I 

I 

I 
The pnmary benefit of the co-generation u t s  is the electncity generation Electricity accounts 
for 87% of energy costs at Cmus The 2 generators will produce about 15,000 MWh per year, 
reducing power purchases fiom RENEL by 14%, or about $790,00O/yr Natural gas 

I consumption for the co-generation u t s  will Increase plant gas consumption by about 30%, or 
about $260,00O/yr Therefore, the net savmgs from the installation of the two cogeneration 
u t s  is about $485,00O/yr At an investment cost estimated at $1 48 million, the project has a 

I slrnple payback of about 3 years 

Hot Water for Space Heatlng 

Exhaust at 454OC Clay Dryer 



CONCLUSIONS 

Analysis of potential energy savings and development of budget cost estimates indicate that four 
of the eight measures have simple payback penods m excess of five years and, therefore, would 
not be economically viable as ESCo projects The four energy conservation measures that 
warrant fiu-ther investigation are hgh-efficiency motors, hln seals, a new hln burner and the two 
co-generation u t s  These latter components were subjected to more careful financial analysis 
using discounted cash flows to determine the ESCo's share in the project savings It should be 
borne in mind that a project can be viable as an energy efficiency savings measure for the 
company whle not providing enough excess returns for the ESCo to realize sufficient benefits 

The detaled financial analysis is contamed m Appendix A together with the slrnple payback 
calculations and detailed cost tables The cash flow analysis determines first what the rate of 
return after taxes but before financing would be and secondly shows the allocation of these 
savings to both parhes The cash flow analysis for the co-generation w t  has been prepared 
somewhat differently since ths  component of the project is llkely to be developed under a 
chauffage contract (m which Energy-Sew would own the actual w t s  and provlde power to the 
customer) A summary of the pre-financing internal rates of return (IRRs) are mcluded below 

Summary of IRRs for the Selected Cimus Measures 

Measures to be Installed 

H~gh-Effic~ency Motors 
800-kW Motors (2 preheater ~nduced 
draft fans) 
400-kW Motors (2 electrostatic filter exh 
fans) 

K~ln  Seals 

K~ ln  Burners 

Motor Generator Un~ts (2 x 920 kW) 

Total 

Cost W/ 

Cont~ngenc~es 
(USD) 

$1 26,990 

$91,210 

$447,400 

$58,925 

$1,479,870 

$2,204,395 

IRRs 

34% 

20% 

29% 

33% 

30% 

30% 



Based on the analysis m Appenhx A, it is clear that all four components are hkely to be 
attractive to the ESCo, although the 400-kW motors remam somewhat margmal All four 
measures ment further mvestigation to determine whether costs can be further reduced or savings 
increased The ESCo may also be able to supply electricity from the co-generation umts to 
Clmus at a hgher pnce than is currently being forecast whle still providmg the company with 
sipficant benefits Further measurements will also be important to determme whether the luln 
seals and burners are llkely to realize the projected savings The cllnker cooler may also be re- 
examined if there is a sigruficant change m energy pnces or equipment and installation costs can 
be lowered The M h e r  analysis of these measures will be camed out over the next 30-60 days 
in prepmng the project business plan Site visits by certan vendors may also be requlred to 
validate energy savmgs estimates 



- 

I 
I 
I 
I APPENDIX A 

I BUDGET COST DETAILS AND PRE- AM) POST-PROJECT OPERATING COSTS 

PROJECT CASH n o w  ANALYSIS 



'- 
Equ~pment and Installat~on Costs 

Base Percent 

A Clinker Cooler Heat Recovery 
Scenario 1 New dust removal system and heat recovery 

Core Separator 
Shipping 
lnstallat~on 
Heat Pipe Heat Exchanger 
Shipping 
Ductwork 
Installation 
Fan & Motor 
lnstallation 
Adjustable-speed Motor Drives 
Value-Added Tax (Note VAT became re~mbursable, Jan 98) 
SUBTOTAL INVESTMENT COSTS 

Scenar~o 2 Heat Recovery Only 
Heat Pipe Heat Exchanger 
Shipping 
Ductwork 
lnstallation 

- Fan & Motor 
lnstallat~on 
Value-Added Tax (on equipment only) 
SUBTOTAL INVESTMENT COSTS 

1 B Preheater Heat RecoverylNew Core Separator 
Scenarlo I New dust removal system and heat recovery 

Core Separator 1 Shlpping 
lnstallation 
Heat Pipe Heat Exchanger a Shipping 
Ductwork 
lnstallat~on 
Fan & Motor 
lnstallation 
Adjustable-speed Motor Dr~ves 1 Value-Added Tax (an equ~prnent only) 
SUBTOTAL INVESTMENT COSTS 

I Scenario 2 Heat Recovery Only 
Heat Pipe Heat Exchanger 
Shipping ( Ductwork 
lnstallation 
Fan & Motor ) Installation 
Value-Added Tax (on equipment only) 
SUBTOTAL INVESTMENT COSTS 

Est wl 
Phys~cal 
Conting 



C Replace CompressorlMotor Sets 
Centrifugal compressor/motor set (380-volt) 
Shlpplng (from V~gnate-Mllan, Italy) 
lnstallat~on 
Value-Added Tax (on equlpment only) 
SUBTOTAL INVESTMENT COSTS 

D New Dynamic Separator 
New Dynamlc Separator 
Shrpplng (from Concordla, Kansas, USA) 
lnstallat~on 
Motor 
lnstallat~on 
Value-Added Tax (on equ~pment only) 
SUBTOTAL INVESTMENT COSTS 

E H~gh-Efficiency Motors 
800-kW Motors (2 preheater Induced draft fans) 
Shlpplng (Helslnkl, F~nland) 
lnstallat~on 
400-kW Motors (2 electrostatic filter exh fans) 
Sh~pp~ng (Helslnkl, Flnland) 
lnstallat~on 
Value-Added Tax (on equlpment only) 
SUBTOTAL INVESTMENT COSTS 

F Klln Seals 
New Klln Seals (8) 

C Shlpplng 

lnstallat~on 
Value-Added Tax (on equrpment only) 
SUBTOTAL INVESTMENT COSTS 

G Klln Burners I New Dual-Fuel Klln Burner (for exlst~ng gas-only kiln) 
Shlpp~ng 
lnstallat~on 1 Value-Added Tax (on equlpment only) 
SUBTOTAL INVESTMENT COSTS 

I H CO-~eneratlon Units 
Catep~llar Englne Generators (2 x 920 kW) 
Water Softener I Shlpplng 
Englneerlng 8 Environmental Study 
lnstallat~on 
Value-Added Tax (on equlpment only) 
SUBTOTAL INVESTMENT COSTS 

TOTAL (A2 and C - H) $3,364,321 
TOTAL (of llkely vlable components E-H) $1,926,190 



ClMUS CEMENT PLANT 
Cash Flow 

Assumptions 
Electrrclty Tanffs (US$/kWh) 
Gas Tarlffrs (US$P000 cubrc meters) 
Heavy Fuel 011 Spot Prrce (US$/lrter) 

Cash Flows 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 

E 1 High Efficiency Motors for 2 Preheater ID Fans 
Pre project Cash Flow 
Power Requrrement for Load (KW) 
Annual Operatlng Hours 
Total Electrlcrty Consumed (kwh) 
Total Cost of Electrlcrty (US$) 
Malntenance 8 Monrtorlng Costs (US$) 
Total Cost of Operatlng Exlstlng Motors 

Post project Cash Flow 
Caprtal Cost 
Power Requirement wlth New Motors (KW) 
Annual Operatrng Hours 
Total Electnclty Consumed (kwh) 
Total Cost of Electrlc~ty (US$) 
Malntenance & Monltonng Costs (US$) 
Total Cost of Operatlng wlth New Motors 

lncremental Cash Flow 
Capltal Cost 
Energy Savlngs (kwh) 
Value of Energy Savlngs (US$) 
lncremental Marntenance Cost (US$) 
Gross lncremental Profrt/(Cost) (US$) 
Depreclatlon Expense (for tax calculatrons SYD) 
lnterest Expense 
Income Before Tax 
Income Tax Expense 

Add Back Depreclatron and Interest 
Net lncremental Cash Flow Before Flnanc~ng 
IRR Before Financing 1 



Cash Flows 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 
Motors Shared Sav~ngs Cash Flow After Financing 
Gross Incremental Savlngs (US$) 
Interest Expense 
Pnnc~pal Payments 
Tax Effect 

Total Cash Flow Net of Flnanclng 

of wh~ch Customers Share $11 346 $10 272 $9 165 $8 022 $6 839 $5,611 $4 332 $33819 $33 778 $33,736 
ESCo s Share $11 346 $10 272 $9 165 $8 022 $6 839 $5 61 1 $4 332 $0 $0 $0 

NPV of ESCos Share of Sav~ngs @35% d~scount $23,168 



Cash Flows 1998 1999 
E 2 High Efficiency Motors for 2 Electrostatic Filter Fans 1 
Pre project Cash Flow 
Power Requrrement for Load (KW) 
Annual Operatlng Hours 
Total Electncrty Consumed (kwh) 
Total Cost of Electrrcrty (US$) 
Malntenance & Mon~tonng Costs (US$) 
Total Cost of Operating Exlst~ng Motors 

Post project Cash Flow 
Capital Cost 

Power Requirement wrth New Motors (KW) 
Annual Operatlng Hours 
Total Electnc~ty Consumed (kwh) 
Total Cost of Electricity (US$) 
Malntenance & Monitoring Costs (US$) 
Total Cost of Operat~ng with New Motors 

Incremental Cash Flow 
Capltal Cost 
Energy Savlngs (kwh) 
Value of Energy Sav~ngs (US$) 
lncremental Marntenance Cost (US$) 
Gross lncremental ProfrU(Cost) (US$) 
Deprecratron Expense (for tax calculations SYD) 
lnterest Expense 
Income Before Tax 
Income Tax Expense 

Add Back Depreclatlon and lnterest 
Net lncremental Cash Flow Before Flnancrng 
IRR Before F~nanctng 

Shared Savings Cash Flow After Financing 
Gross lncremental Savrngs (US$) 
lnterest Expense 
Pnnclpal Payments 
Tax Effect 

Total Cash Flow Net of Financ~ng 

of whlch Customer's Share 
ESCo s Share 

NPV of ESCos Share of Sav~ngs @35% discount 



Cash Flows 
F Kiln Seals 
Pre project Cash Flow 
Natural Gas Requirement for kilns 1&5(000 mA31hr) 
Annual Operating Hours 
Total Natural Gas Consumed (000 mA3/yr) 
Total Cost of Natural Gas (US$) 
011 Requlrement for kllns 283 (Ilterslhr) 

Annual Operatlng Hours 
Total 011 Consumed (Iiterslyear) 
Total Cost of 011 (US$) 
Maintenance & Monitonng Costs (US$) 
Total Cost of Operating Existing Kilns 

Post project Cash Flow 
Capital Cost 
Natural Gas Requlrement kilns 1&5 (000 mA31hr) 
Annual Operatlng Hours 
Total Natural Gas Consumed (000 mA3/yr) 
Total Cost of Natural Gas (US$) 
011 Requirement for kllns 283 (Ilterslhr) 
Annual Operating Hours 

Total Oil Consumed (Iiterslyear) 
Total Cost of Oil (US$) 
Maintenance & Monltorlng Costs (US$) 
Total Cost of Operatlng wlth New Seals 

lncremental Cash Flow 
Capital Cost 
Natural Gas Savings (000 rnA3/yr) 
Value of Natural Gas Savings (US$) 
011 Savings (Iiterslyr) 
Value of 011 Savings (US$) 
lncremental Maintenance Savings (US$) 
Gross lncremental Profiff(Cost) (US$) 
Deprec~ation Expense (for tax calculations SYD) 
Interest Expense 
Income Before Tax 
Income Tax Expense 

Add Back Deprec~ation and lnterest 
Net lncremental Cash Flow Before Financing 

IRR Before F~nanc~ng 



Cash Flows 1998 
K~ ln  Seals Shared Savlngs Cash Flow After Flnanclng 
Gross Incremental Savings (US$) 
Interest Expense 
Principal Payments 
Tax Effect 

Total Cash Flow Net of Financing 

of whlch Customer's Share 
ESCo s Share 

NPV of ESCos Share of Sav~ngs @35% d~scount - $~ , lM&h 



Cash Flows 
G New K~ln Bumer on Klln 5 Replace Gas Burner 
Pre project Cash Flow 
Fuel Requlrement for K~ln 5 (000 mA3/hr) 
Annual Operatlng Hours 
Total Fuel Consumed (000 mA31yr) 
Total Cost of Gas (US$) 
Malntenance & Mon~tonng Costs (US$) 
Total Cost of Operat~ng wlth Ex~st~ng Burner 

Post project Cash Flow 
Cap~tal Cost 
Gas Requlrement w~th New Burner 
Annual Operat~ng Hours 
Total Gas Consumed (000 mA3/yr) 
Total Cost of Gas (US$) 
Ma~ntenance & Mon~torlng Costs (US$) 
Total Cost of Operat~ng w~th New Burner 

lncremental Cash Flow 
Cap~tal Cost 
Fuel Sav~ngs (000 mA3/yr) 
Value of Fuel Savlngs (US$) 
lncremental Malntenance Cost (US$) 
Gross lncremental ProfiV(Cost) (US$) 
Deprec~at~on Expense (for tax calculat~ons SYD) 
Interest Expense 
Income Before Tax 
lncorne Tax Expense 

Add Back Deprec~atlon and Interest 
Net lncremental Cash Flow Before F~nanclng 
IRR Before Financ~ng 

Shared Sav~ngs Cash Flow After Flnancrng 
Gross lncremental Sav~ngs (US$) 
Interest Expense 
Pnnc~pal Payments 
Tax Effect 

Total Cash Flow Net of F~nanclng 

of wh~ch Customers Share 
ESCo s Share 

NPV of ESCo s Share of Savlngs @35% d~scouni 



Cash Flows 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 
H Engine Generator Sets (2 x 920 kW) 1 2 3 4 5 6 7 8 9 10 
Pre project Cash Flow 
Total Electricity Consumptlon (MWh) RENEL 
Drying Gas (Nm3 000) 

Cost of Electrlclty 
Cost of Drylng Gas 

Total Cost without Co Gen Units 

Post project Cash Flow 
Capital Cost 
Electriuty Consumptlon (MWh) RENEL 
Electncity Supplied by Energy Sew 
Gas Consumptlon for Dryer 
Gas Consumptlon for Co Gen Unlts 

Cost of Electric~ty from RENEL (US$) 
Cost of Gas for Dryer (US$) 
Cost of Gas for Co Gen Un~ts (US$) 
Operations and Maintenance Cost (US$) 

Total Cost of Operating w/ Co Gen Unlts (US$) 

Gross Incremental Cash Flow 
Pre F~nancrng IRR 

Chauffage ESCo Cash Flow 
Equlty Financ~ng ($443 961) 
Debt Financing ($1 035 909) 
Sale of Electncity from Co Gen Unlts (MWh) 
Selling Pnce to Clmus (US$/kWh 15% below retail) 
Avoided Gas for Dryers (netted off Co Gen) 
Gas required to run Co Gen Units 
Net Gas Attributed to Co Gen Unlts 
Value of Electnclty Sales from Co Gen (US$) 
Cost of Net Gas Consumptlon by Co Gen (US$) 
Operat~ons B Maintenance Cost (US$) 
Opearling Profit (US$) 
Depreciation Expense (for taxes SL) 
Interest Expense 
lncome Before Tax 
lncome Tax Expense 
Add Back Depreciation 
Prlnclpal Payments 

Net Cash Flow Attributed to Equlty 
IRR on Equity 
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