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Study Objective:

The objective of this study is to find the most suitable technical-economical solution
for integration of the ORC technology from Electratherm into the newly built power
station. To maximize the performance of the ORC unit it is necessary to design the
entire system and, in particular, the key components (cooler, flue-gas exchanger,
and ORC alone) correctly. Therefore, this study has concentrated on the design
and integration of these components.
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2 TECHNICAL PART

2.1 Input documents from the Contracting Authority
The following input documents were considered within the study:

- Engine datasheet (GE 12V228)
- Site layout
- One line diagram

2.2 Limiting factors in solution design

The received input documents implied several facts which significantly limited the
possible technical solution for the integration of the heat exchanger and ORC. These
limiting factors included,

1 Available pressure drop for the installation of the heat exchanger overpressure
of the engines used (30 mbar), the pressure loss of the damper and gas
ductwork (20 mbar), leaving only 10 mbar available for design of the flue-gas
exchanger including the entire flue-gas path.

1 The second limiting fact is impossibility or a minimum possibility to change the

location of the technologyi ifengi ne and accessories.

1 The third limiting fact is a lack of space for ORC and accessories.

All of these facts act against one another and have an adverse influence on the price
of work (they make it more expensive). These limiting factors have led to a
conclusion that the originally intended technical solution was not feasible.

The original solution counted on a higher pressure loss for the flue-gas exchanger
and the ability to move skidee Wwiith the chimney, cCo
increasing the distance between the container with engine and the skid (see Fig. 1).
In addition, limitation of the pressure loss of the exchanger and flue-gas path to max.
10 mbar totally excluded connection of two engines into one flue-gas exchanger, as
originally planned. It is still possible, however, to use two flue-gas exchangers and to
connect them into one ORC at the hot-water side.
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Fig. 11 Original solution design

2.3 Procedure in designing the technical solution

The above mentioned meant to solve three basic issues of the ORC installation:
1. Keeping the minimum counter-pressure of the newly installed technology up to
10 mbar;
2. Keeping the layout of the existing technology;
3. Solving the lack of space for the new ORC technology.

2.3.1 Flue-gas exchanger

An important task was to find such a technical solution for the flue-gas exchanger
that limited the pressure loss to 10 mbar. With regard to pressure losses, the best
technical solution is to locate the flue-gas exchanger straight into the flue-gas path,
see Fig. 2.

This location requires turning the skid on which the engine technology (compressor,
cool er, chi mney) i s situated by 180A and
by 533 mm.

The designed flue-gas exchanger has the following parameters:
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Flue-gas temperature at exchanger input AC 427
Flue-gas overpressure at exchanger input Pa 2 490
Flue-gas flow rate m3/h 32 460
Excess air coefficient & 1.65
Water temperature at output AcC 122
Exchanger output kw 1200
Flue-gas temperature at output AcC 195.4
Final length including connection m 5.5
Approximate diameter without insulation m 1.41
Total pressure loss Pa 240

The exchanger is designed to be made of stainless steel 17 349.

UZAVIRACT GILOTINOWA KLAPKA VYMENIKU
CLOSING VALVE Guillotine

_| 533,06 JE NUTHE ZVEDNOLT KONSTRUKE]

VLNOVEC S POHY
i compensator mover

UZAVIRAGT GILOTINOVA KLAPKA
VEFMENIKU

BY-PASS UZAVIRACI KLAPKA
BY-PASS CLOSING VALVE

Fig. 21 Location of the flue-gas exchanger into flue-gas paths

B:POWER, a.s.

U Borov® 69 ID: 28925319 info@bpower.cz

CzZ 580 01 Havl 2| k VATID: CZ28925319 www.bpower.cz

The company is registered in the Commerci al Regi ste

Ref. No B 3014



POWER

2.3.2 ORC system

/. .
ELECTRA, THERM

With regard to the heat exchanger output (1 200 kW) it is ideal to use ORC
Electratherm model Power+ 6500. Under the conditions stated in Fig. 3, this ORC
can supply 61 kWe net (after deduction of all internal consumption). It is further
necessary to deduct the pump consumption on the hot-water circuit from the

calculated output, in this case 4 kWe.

NV

E|=E€—1=Rﬂp/§rl-l ERM

6500

hot water
inlet temp
to P+

118°C
preheater &

igenarato

hot water, h |
flow rate thermal power
into P+

Condenser
1195kWth §

Inputs | mperial units 6500 Average Estimated Outputs**
.
Please type "F" or "C" for your temperature scale. Evaluatlon °F/°C units below based on HW inlet temperature units]
Hot Water Inlet Temperature . 85 kwe Gross Power Output
Hot Water Flow Rate L -9 kwe P+ Internal Parasitic Load
Click Here
lacket Water Thermal Power 76 kWe P+ Net Power Output
Exhaust Gas Thermal Power to Calculate -11 kwe Parasitic Load from Cold Circuit
ICold Water Inlet Temperature et 65 kwe Net Power Output from System Imperial Units of Heat
Hz Electrical Grid Freq 1195 kWth Thermal Power into P+ 4,03 MMBTU/hr
nce 305 kwth ing Thermal Power 1,04 MMBTU/hr
> Release Notes < 1102 kWth Thermal Power Rejected to Cooler 3,76 MMBTU/hr
105 °C Hot Water Exit Temperature
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cooling water outlet
ErO55| gokWe | [temp to water cooler
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Cooling water flow rate is 205 I/s (325 GPM)
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——
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Fig. 31 Energy balance of the designed ORC Power+ type 6500

The most efficient solution is based on connecting the ORC only to the flue-gas
exchanger. Originally, it was planned to use the energy from the cooling water of the
engine, but due to a sufficient amount of energy in flue gases, this was abandoned.
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2.3.3 Cooler and cooling circuit

The cooler is very important for the equipment to operate correctly. When designing
the cooler, it is necessary to consider, apart from the required cooling output, also the
internal power consumption of the cooler and the price. For this purpose it is most
suitable to use a cooler from Alfalaval, type VDDQE1008.1DY120 SK CA4.

Major parameters:

Design output 1132.76 kW
Input/output fluid temperature 51. 0AC / 39. 0AC
Fluid pressure loss 21.7 kPa
Rated input power 7680 W
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Fig. 4 7 Technical drawing of the cooler under consideration
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2.4 Designed technology layout (one flue-gas exchanger with one ORC)
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2.5 Designed technology layout (two flue-gas exchangers with one ORC)
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3 SCOPE OF DELIVERY UNDER CONSIDERATION

3.1.1 Price calculation includes

9 Drawing of the system layout
1 Implementing design documentation:
A Connecting pipe to heat source
A Electrical documentation
A ORC coordination drawing
A Technical report
ORC system, model 6500
Flue-gas/water exchanger
Supporting structure under flue-gas exchanger
ORC control switchboard
Connection to water circuit of flue-gas exchanger
ORC cooling circuit system acc. to the required ORC parameters
Pipeline between heat source (flue-gas exchanger) and ORC
Cooling water pump
ORC set-up
System activation
Transport from manufacturing plants ( Re n o, Ha v | 2 lgue)forAddlarde d , Pr a

=4 =4 =8 =88 -89 _-8_8_9_9

3.1.2 Price calculation does not include

1 Administrative acts to obtain a permit to increase output, a building permit, a permit
for connection to the network, etc.

Construction work (concrete foundation), grounding

Lightning conductor

Obtaining approval of the technical documentation by the relevant authorities
Transport from Adelaide to the site of installation

Crane and handling equipment at the site of installation

Customs duties and taxes

Connection of the output to the distribution network (the delivery limit is the ORC
switchboard)

1 Billing electric meter

=A =4 =448
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4 PRICE CALCULATION

Y/
EEECTRA

4.1 Price calculation for one flue-gas exchanger connected into one ORC

The total delivery price acc. to calculation in Chap. 4.1 is: SXXXXXX

P+ 6500
Transport cost + insurance from Reno to Adelaide
Customs (not includet in price)

Heat Exchanger - 900 kW (HE, constrution, fluegas ways, valve, insulation)

¢NFyaLR NI Oz2aid b AyadaNryoOS FNRY

Customs (not includet in price)
Cooler - 1100 kW

Transport cost + insurance from Prague to Adelaide
Customs (not includet in price)
Refrigerant R245fa

Hot water

Cooling circuit - maximum 20m
Electro (CC, SW, cable)

Design

Work on site (4 people - three weeks)
PRM

Reserve (insurance, paper work, management with transport)

total cost price
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4.2 Price calculation for two flue-gas exchangers connected into one ORC

Unlike the version with one exchanger,

this quotation includes, in addition, an

exchanger, connecting hot-water pipe and software for automatic operation in this

mode.

The total delivery price acc. to calculation in Chap. 4.2 is: SXXXXXX

P+ 6500
Transport cost + insurance from Reno to Adelaide
Customs (not includet in price)

Heat Exchanger - 900 kW (HE, constrution, fluegas ways, valve, insulation)
b AyadaNI yoOS FNRY

¢NF yaLR NI Oz2ai
Customs (not includet in price)
Cooler - 1100 kW

Transport cost + insurance from Prague to Adelaide
Customs (not includet in price)

Refrigerant R245fa

Hot water

Cooling circuit - maximum 20m

Electro (CC, SW, cable)

Design

Work on site (4 people - three weeks)

PRM

Reserve (insurance, paper work, management with transport)

total cost price

Terms of Payment

1 ¢
1 2

0 D

2 €

| @Of N6 1A D Vi
0 D

1 €

1 €

0 D

1 C

2 €

1 C

1 C

1 C

1 C

1 z

1 €

[

We advise that the above price calculations have been basedtotatiseope of work and

the following terms of payment;

1 Deposit of 40% of contract value payable on signing of contract
1 50% of contract value prior to shipment
1 10% on completion of commissioning of ORC
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5 SERVICE

The entire ORC technology is characterized by low service and operating costs. The
following paragraphs describe the requirements for regular inspections and servicing
of individual components:

Flue-gas exchanger: no special service required.

Cooler and flue-gas flaps: cleaning and lubrication twice a year. This work can be
performed by the system operator and it requires approximately ten man-hours
a year.

ORC: The course and requirements for preventive service, maintenance and
inspections are determined in the table of preventive inspections prescribed by the
equipment manufacturer i see the tables of service inspections in this chapter. The
average time spent on servicing ORC is 22 man-hours a year.

Travel expenses, which make up a not negligible amount in this project, must be
added to the service operations alone. The calculation of service costs including
travel expenses have shown that if servicing is needed twice a year, the service cost
without spare parts climbs to $13 100 a year. (This price includes the time spent on
journey, an air ticket, accommodation for one service technician.) A great advantage
is that if a second ORC is acquired, this cost only increases by $1 920 and
effectiveness of the system operation increases significantly.

Summary:
- In total, the entire technology requires service work of 32 man-hours a year.

- At the price of $60 per hour, the final average annual cost of the service
technician work is $1 920 year.
- The average annual cost of spare parts for ORC is $8 291.
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P+ S6000 End User Maintenance Item Descriptions:

ElectraTherm Part #

Service Item Description

\/
ELECTRA THERM

Estimated Part
Costs from

Miscellaneous Maintenance Item Requirements/Notes
o / ElectraTherm

Ehee—'FRf}\
AN

*Estimated
Maintenance
Material Cost

QFHERM“

Estimated Labor
Hours Required
for Service

Total
Estimated
Maintenance

Required
Service
Maintenance

{USD}

{USD}

costs (USD) (hours) Interval {hours)

Inspect all plumbing, flanges, and valves for leaks/ Check *if visual sign of leak present, use liguid leak detector 5 1000| 5 10.00 1 4400
oil catch bottle

Inspect coupling / expander and generator bearings ==Adjust alignment if necessary / check for smooth generator shaft rotation 5 = 1 4400

Grease generator bearings 5 25.00( & 25.00 1 4400

Clean cooling vents of generator *requires cleaning materials 5 5.00] & 5.00 1 4400

Inspect hardware for wear/damage Manually actuate air valves, and inspact rotating equipment 5 - 05 4400

Inspect for electrical wear/demage visual inspection of electrical connections or use infrared camera 5 = 0.5 4400

Clean cabinet heat exchanger visual inspection and cleaning of cabinet heat exchanger 5 - 0.5 4400

Check for NCGs in working fluid 5 = 0.5 4400

Check operation of compressed air system *May require leak detector 5 - 0.5 4400

Check HX water-side pressure drop measure and record pressure drop 5 = 0.5 BB00

Verify operability of safety wvisual inspection of buttons, lights, and labels 5 - 0.5 BB00

Clean enclosure [ dean LLR *requires cleaning materials 5 500(5 5.00 2 B8BOO

Replace PLC and HMI batteries 11214 x2 Machine must be powered on when replaced 5 1543 5 1543 05 17600

Expander rebuild ***Expander is replaced at site with refurbished unit from ElectraTherm. 5 22,266.00 5 22,266.00 16 22000

Replace VFD internal cooling fan available from from VFD manufacturer, not stocked by ElectraTherm 5 30000 S 300.00 1 26400

Replace High Side PRVs & Low Side PRVs**** 11397 x2 / 11405 x2 replace per local code reguirement [4 total PRVS) 5 167143 |5 167143 2 44000

Replace Generator Bearings Generator may be have to be removed from ORC 5 100000 [ § 1000.00 8 92400

Current maintenance intervals are conservative, and may be extended based on field experience.
Estimated hours are based on time to perform service at site, and do not include any mobilization or transportation time to and from the site.
*Maintenance items that are not supplied by ElectraTherm. Cleaning supplies, leak detector solution--these items should be available locally.

**Requires special tools not provided by Electratherm to align coupling.

*+*+The cost for the rebuilt expander listed here is an amount NET of the following transactions: Owner will issue payment for the amount of a new expander (greater than the amount listed here) and receive a refund when the owner has

the

being

from service, and that used expander is in condition to be rebuilt and or refurbished.

++++PRVs should be replaced immediately if they discharge or show signs of water ingress. PRVs should be replaced at the interval required by local code or every 5 years, whichever is less.

Detailed instructions and part number details are provided in Operation and Maintenance Manual, available from ElectraTherm Service Department.
This document contains confidentiol and proprietary information and is supplied purely to enobie you to evaluate details concerning ElectraTherm products and services. Nao part of this document may be disclosed or transferred outside ElectraTherm

or the current interested parties. No part of this
oddressed to the arganization

may be reprodu

Copyright @ ElectraTherm, Inc. 2016. all Rights Rsserved

P+ Series 6000: 3 Year End User Routine Maintenance Schedule

CUMULATIVE RUN TIME HOURS

d or transmitted in any form or by any means, including photography and recording, without the written permission of ElectraTherm, an application for which should be

ST-DD0001 Payback Estimator, Dual currency REV 12

E1=E6=|=Rf»:-,>f§rl-| ERM

1 YEAR(8760 HOURS PER YEAR) 2 YEARS(B760 HOURS PER YEAR) 3 YEARS(8760 HOURS PER YEAR)
4400HR SERVICE ITEMS 8800HR SERVICE ITEMS ~ 13200HR SERVICE ITEMS  17600HR SER! 000HR SERVICE ITEMS ~ 26400HR SERVICE ITEMS
REQUIRED SERVICE ITEMS ITEM | HRS COsT ITEM | HRS COsT ITEM | HRS COsT ITEM | HRS ITEM | HRS COST ITEM | HRS COsT
Inspect all plumbing, flanges, and valves for leaks/ Check oil catch bottle + 1 (s 0] + 1 5 10| 1 5 0] 4 1 5 0] + 1 s 0] + 1 £l 10
Inspect coupling / expander and generator bearings * 1 5 - + 1 5 - * 1 5 + 1 5 - + 1 5 - * 1 5
Grease generator bearings + 1 |5 5] 4 1 5 5| & 1 5 5] 4 1 5 5| & 1 5 5] 4 1 5 25
Clean cooling vents of generator + 1 |5 51 # 1 5 S| o+ 1 5 S| ¢ 1 5 5| # 1 5 5| # 1 S 5
Inspect hardware for wear/damage + 05 |§ - 4 05 |[§ - L] 05 |5 + 05 [§ - + 05 |§ - +* 05 | &
Inspect for electrical wear/damage + 05 |5 - + 05 | § - * 0s |5 + 05 (5§ - + 05 | & - + 0s |5
Clean cabinet heat exchanger +* 05 |§ - + 05 |5 - & 05 |5 + 05 |5 - + 05 [§ - +* 05 | s
Check for NCGs in working fluid ¢ | 05 |5 - ¢ |05 |5 - ¢ | 05 |5 # | 05 |5 - ¢ | 05 |5 - ¢ | 05 [s
Check operation of compressed air system + 05 |& - 4 05 |5 - L] 05 |5 + 05 [§ - + 05 |§ - +* 05 | &
Check HX water-side pressure drop + 05 |5 - + 05 |§ - + 05 |5
Verify operability of safety equipment + 05 |5 - + 05 [§ - +* 0s |5
Clean enclosure / clean LLR + 2 |5 5 + 2 |5 5 * 2 |5 5
Replace PLC and HMI batteries L3 05 |5 15
Expander rebuild + 16 | 522,266
Replace VFD internal cooling fan +* 1 5 300
Service Interval Parts Total (USD) s a0 5 a5 5 a0 $ 60 § 22,306 § 345
Service Interval Labor Hours Total 6.5 9.5 6.5 10 22.5 10.5
Current maintenance intervals are conservative, and may be based on field exp e,
[Estimated hours are based on time to perform service at site, and do not include any mobilization or transportation time to and from the site, I 3 Year Part Total tUSD):l 522,836.43 I
Costs shown are in USD. I 3 Year Labor Hours Tatal:l 65.5 I

This document contains confidential and proprietary information and is supplied purely to enable you to evaluate details concerning ElectraTherm products and services. No part of this document may be
disclosed or tronsferred outside ElectraTherm or the current interested parties. No part of this document may be reproduced or transmitted in any form or by any means, including photography and recording,
without the written permission of ElectraTherm, an application for which should be addressed to the organization.

Copyright © ElectraTherm, Ine. 2008, A1l Rights Reserved
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P+ 56000: 20 Year End User Maintenance Schedule

CURLLATIVE RUN TIAE BOURS ON POWERS GENERATOR

REOUIRED SERVICE WORK Zyears | 3 years | dyeans Eears | 7years | Syears | 9 years

3
3
&

Irspect all plumbing, flanges, and vakes for leaks! Check oll catch bostle

Inspect cowpling |/ expander and generator bearings

Grease generator bearngs

Clean cooding vents of gencrator

repect hardware for weardamage

Inspect Tor electrical woa damsge

Chran cakirat baral ouchangir

Check for NOGs in working fluid

AL AR L AR L AL AL 3L J b
| | |
e [ | | | | |
e [ | e | | | |
o o | o | o | | e o | [ |
e o | o | | [ [ |
[ ||
| [ | [ [
| | |

Check operation of compresaed se system

Check HY waterside pressune diog. contiresed on chart bekos

Werify cperability of safety squpment

o) 0e]|n|e|s|e
A | ] |
AL AL BE AL AR AL AR L B AL Bl
E T A P P O A Y Y
A R e S A

Clean endosure f dean LR

EAE AR AL AC AL AR A AR AR AE AL AL
RAE AL AL AL AR AR IR AL AL 3L
| ] | [ [
| (] )] |

Replace PLC amd HI bartorios

Expandhis ikl +*

-
-

Rirplace WFD intirnal conlieg Fan *

-
-

Heplace High Sde PRV B Low Side PRMS® )

Riplacy G of Braregs®?

CURILILATIVE AUN TIME HOURS ON POWER + GENERATOR

GP99PPII99999999999959

N

RECLUIRED SERVICE WORK 10 years | 11 years | 13 years | 13 years | 1dyears | 15 years | 16 years | 17 years | 18 years | 19 years | 20 years
Inspect al plumbing flanges. and sakes for leaks! Check oll catch bodtle L AR IR IR IR I R IR I I N IR A AR AR R A S E N N N
Inspict coapling [/ cxupander and gencraton bearings MBI EIE AR IR RIS A NN RN AR NNl BN
Grease generator bearings e v v ¥ %]+ * * * * * * | % | | | ]| ]| *
Cloan enoling v MBI EIE IR IR RN AR AR R RN AR AR EAE NN
LAEIEIE IR IR SR IR SR AR AR RN AR R ARSI EAE N NN
Inapect for elechrical wesr fdamege * | * * * +* * +* * * * * * * * | * * * +* * +* * *
Clean cobinet heat exchanger * | % |+ | % | | %] k| %] #]| & |4 | #]F ]| & ] %] FL ] F]| ] #
Cherk for MCGs in working fluid S O O O I O O O N N
Check operation of compressed e system * + + +* + +* ¥ & # * & * * L3 * + + + +* +* * #
Chick HX waterside prossune drop * * * * * * ¥ * * * *
Werily operab af salety eypdpmant * * * L ] * * L 3 +* +* +* #
Clirn p f iz LR * * * * * * * * * * *
Firgilacr PLE ared =1 Bak loris. * * * * +* *
Expanchr rotaild * + * * *
Heplice WED internal conlieg fan * * +* ¥
Replace High Side PRV B Low Side PRWs® * * *
Replace Generator Searings*" +

Current maintenanos intersals arne conservative, and may be extended based on field experience.

* PRV should be repliced immedistely & they dischange ar show signs of water ingress. PRVs should be replaced ot the interval requined by local code ar every 5 years, whichewer is lower

** Generator bearings are rated for 100,000 hours of aperation.
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OneORC with One Heat ¥tchanger Installed. Maintenance costs including travelling eosts
$US 21,391 Average Yedy Operating Hrs8,200
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