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ABSTRACT

This report was made within the project DANTES that is supported by the EU Life Environment Program.

This Dantes report is one in a series of five describing the LCC tools developed by ABB. The others Dantes
reports are:

DANTES - Dry fermentation.doc

DANTES — Wet fermentation.doc

DANTES - LCC-LCA Battery.doc

DANTES - Transformer.doc

A summary of the experience of developing these tools is presented in the Dantes report
e DANTES LCC-LCA tools.doc

The aim of this report is to describe background, input, output and the result presentation of the “LCP tool
AX1-v01.xls” tool. As part of the DANTES project a number of LCC tools have been developed and tested by
ABB companies.

The purpose of this excel tool is to allow comparison between a Conventional medium voltage switchgear and
the AX1 medium voltage switchgear. The tool evaluates the cost and environmental impact of the two
different types of switchgears and supports the systematic evaluation of “soft” (i.e. non economic) values.

The evaluation results can be used in market communication and as sales support, showing the advantages
of looking at the lifecycle cost.

The scope of the tool is to calculate the cash flow from the operation of the medium voltage switchgear and
evaluate the environmental impact of electricity losses.
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INTRODUCTION

This report was made within the project DANTES that is supported by the
EU Life Environment Program.

The scope of this report is to describe the LCC/LCA tool “LCP tool AX1-
vO1.x1s”

The purpose of the LCC/LCA tool “LCP tool AX1-v01.xls” is to allow
designers to compare the costs and environmental impact of two medium
voltage switchgears and do parameter studies. The evaluation results can
be used in market communication and sales support, showing the
advantages of AX1 switchgear.

The intended users of this report are anyone interested in the LCC/LCA
tool or the problem area of lifecycle cost calculation for medium voltage
switchgear or other electrical components.

ADVANTAGES OF AX1 MV SWITCHGEAR

Floor space

Relay setting

AX1 MV switchgear has a number of advantages compared to
conventional switchgears. The aim of developing the tool was to highlight
these advantages to sales people and customers. The advantages are (in no
particular order):

AX1 needs less floor space. Selecting AX1 allows for a reduction of total
floor space or additional space for other things. This might be most
valuable for locations where space is expensive (oil platforms,...)

Input: investment cost of floor area, operation cost/m2 floor area

Setting the parameters for relay protection is faster and customers can
change parameters during operation (from control room)

Savings in setup/startup time

Value of changing parameters during operation

Integrated Self-Supervision

All AX1 are equipped with external and internal self-supervision. Instead
of making routine tests and scheduled inspection the relays will
automatically indicate if an internal fault has occurred.

More effective Supervision:

The overview and complete supervision of AX1 from the Bay Computer
will shorten the time needed, for example, periodic inspections of
electrical and mechanical specialists and other service staff.
Conventional switchgear requires time for periodic inspections.
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Reduced testing

Event reporting

In AX1 testing of settings is not necessary as the Bay computer (REF) has
an integrated test program. The time normally spent for testing a
conventional relay protection can be saved

Events and faults can be easily reported in chronological order with time
stamps. With an extensive event reporting, future unintentional
interruptions can also be avoided. Cost saving due to unintentional
interruptions can be avoided.

Thermovision Test

Thermovision tests are usually performed in conventional switchboards.
Due to the design of AX1 and its complete supervision system, no hot spot
tests are required.

Unscheduled and unintentional shut down.

Arc Eliminator

Due to the design of AX1, with among other things, its completely sealed
primary encapsulation and supervision, one can almost disregard the risk
of unplanned shutdowns.

Arc fault occur in conventional switchgear
The damage affects directly the neighbor switchgears in the room.
Costs for

e damage

e cleaning
e repairing
e standstill

2.10 Reduced energy losses

The AX1 Switchgear is designed with tubular bus bars and the joints
utilize coil spring type connections. This type of jointing gives a larger
number of contact points, resulting in lower resistance and thereby lower
R*I? losses when in service. On top of this, the use of sensors for
protection and metering, replacing conventional metering transformers,
results in lower power losses.



3. DESCRIPTION OF WORKSHEETS IN THE EXCEL TOOL

Below follows a brief description of the inputs and the results that are
presented in different sheets of the tool.

3.1 Sheet: Step 1 Enter data

LCP-Calculation of AX1 Switchgear and Station Control System, SCS

In data for LCP calculation

Project data

Custamer: |PEA
Plant: |Lucent
ABB Ref [¥X
Interest rate: 6%
Pay-off time: 20(years
Mumbers of panels: 15]units
Operating time 8000 h/year
Cost data
Currency | SEK ol
Electricity cost 1|SERAKMH
Staff cost: S00|SEk
Termovision test 3000|SEktest
Relay protection test GO00|SEkAest

Failure costs
Cost for an unscheduled shot down

7E000)|SEKM
The cost of structural darmages due to an arc fault
126000|SEK

Value of additional floor space
Irvestment cost 20000 3EKSm2

Cleaning and repair time after a
Cleaning g
Repairing g

rc fault
hours
hours

Switchgear type:! Conventional AX1
Dimensions
Depth 1500 rrirn 1050 rrirm
Width 800 mm B50|rmm
Enerqgy loss
Busshar 250|WW panel 125 |V panel
hdetering 250 panel 10]WWpanel
Periodic inspections
Ma of 2|per year 2|per year
Inspection time 60| min 5|rmin
Relay protection tests
Tirne between: 3|years 20|years
Test time 2|hours 0,1|hours
Thermovision tests
Mo of! 20| /Nifetirme 0)/lifetirme
Unscheduled and unintentional shutdown {per panel).
Mo of: 0,1 |Aifetime 0|/ifetime
Shutdown time 2|hours 2|hours
Time for fault identification 10|hours 2|hours
Arc faults during lifetime of a panel
Ma of: 0,1]|/lifetime 0|/lifetime

Figure 1 Screenshot of tab "Step 1 Enter data"

On this tab the user enters data on project, costs and technical data on the

switchgears.

Project data

Enter the interest rate (for net present value calculation) and the payoff
time. The number of switchgear panels the offer is calculated on.

Cost data

The user can select currency and costs for electricity, staff cost and cost

for testing
Failure costs

Standstill costs (what one hour interruption costs) and potential costs if an

arc fault occurs
Switchgear data

The user can enter data for the conventional switchgear and AX1
switchgear. Some data can not be changed, such as the dimension and

energy loss of AXI.
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Tab: Step 2 Soft values

LCP-Calculation of AX1 Switchgear and Station Control System, SCS
Guantitative or qualitative assessment of "soft values™
Customer: PEA, Plant: Lucert, ABH Reference: XX

In addtion to the monetary advartages with AX1 over the conventional switchgear there are advartages that can difficult
to put & price on. Below you can ether set & value to the advantage or make a gualitative assessment (which can be evaluated in the graph below)

Het Present Value Qualitative assessment Advantage

of AX1 over Conventional <. Conventional A% ->

Set parameters from your control room I

rather then to go ta the site. I:lSEK D Skt parameters
Cost reduction due toa the possibility ) Download |

to copy and dovenload settings: SER I:I settings
All REF's are equipped with external ]

and internal self supervision | 700]SEK D Salfzupervision
Manufacturer has IS0 8000 sk Isos000
Manufacturer has 150 14001 C sex =l ISEm0nt |
Distance to service people I:lSEK E tame]

Si
Future support I:lSEK uppart |
Deeliveryti
Delivery time s [ =] Flesiime
Scrapping
Scrapping l:lSEK D
Summary SER

PRI

Figure 2 Screen shot of ""Step 2 Soft values"

On this tab the user can enter quantitative cost data on features the can be
difficult to put values on. If no quantitative evaluation can be performed, a
qualitative evaluation of the different criteria’s can be done. The
qualitative evaluation is in ++, +, 0, -, --.

The overall evaluation of the quantitative criteria can be done by looking
at the graph. If most of the bars point to the right the advantage is for AX1.



3.3

Tab: Step 3 Cost result

LCP-Calculation of AX1 Switchgear and Station Control System, SCS

Value of AX1 over Conventional switchgear
Customer: PEA; Plant: Lucent; AEE Feference: H-

Value item
Walue of additional Hoor space

Walue of energy loszes

Walue of complete supervizion
Walue of reduced testing
Walue of reduced shutdowns
Walue of Fault reporting

Walue of are eliminator

alue of thermovizion test

Soft values

Yearly Lifetime
SEK
SEKfyear SEK
SEKiyear 157 71| SEK
SEKfyear SEK
SEK
SEK
SEK
SEKfyear SEK
SEK

Life time profit of AX1:( 1 466 172 |SEK

Explanation
Al requires less Hoor space

Ll has lower loszes

Al can be inspected Faster

AHT requires le=s frequent testing

AHlis enpected to have lezs frequent unintentional shutdown
AT has Faster trouble shooting

A1 can not hawve arcfaults

A1 does not need thermovizion test

Ferceived values from sheet "Step 2 Soft values"

Es=timated profit of 81 ower Conventional switchgear

[5ee shest "Cost result explanation™]

Figure 3 Screenshot of tab "Step 3 Cost result”

On this tab, all the cost results for the entered data on the switchgears are
presented and the final result is the life cycle profit (as net present value)
of AX1 over conventional MV switchgear. A short explanation of why the

AX1 is advantageous is also given.




3.4

Sheet: Step 4 Environmental result

LCP-Calculation of AX1 Switchgear and Station Control System, SCS
Environmental evaluation of the differences between AX1 and Conventional switchgear
Customer: PE&; Plant: Lucent; ABB Reference: XX

| Global warming potential - GWP [EF;I

Ruzsia -

Select evaluation methoed:

Select country electricity:

Yearly electricity losses
Carrventiol GO000 | kit
A1 16200 [kt

Lifetime electricity losses
Corventia] 1200000 (K
A1 324000 | Kt

Environmental impact of electricity losses
Method, Global warming potential

kg COZ-eqy.
300000
200000
T00000
£00000
500000
400000
300000
200000
100000 | |
; 1 |
Conventional AKl

Explanation on selected evaluation method
Global warming potertial: Estimated greenhouse

effect in & 100 years perspective. GWP iz bazed on

the degree to which a mass unit of & specific substance
can absorh infrared radiation relative to C02. Some
emizsions can be converted into an equivalent guantity
of CO2 that would cause an equal greenhouse effect.

Interpretation key
The difference in lifetime environmental impact from the Consertionsl
switchgear and AH1 are approximately eguivalent of the emissions from:
1 735883 |km of car driving (western Europe average)
or driving the car 43532 [times around the world
Mote: This interpretation key is only walid for the global warming

potential evaluation method

ey
FaIrir

Figure 4 Screenshot of tab "Step 4 Environmental result"

The user can select one evaluation method to evaluate the impact:

Global warming potential
Acidification potential
Nutrification potential
Eco-indicator 99

EPS 2000

The user can select electricity from 25 different countries (this has an
impact on the environmental evaluation of the electrical losses). For

example:
e Austria
e Belgium
e Britain
e (anada
e China
e (Czech Republic
e Denmark
e Finland
e ctc.

The difference in environmental impact is shown as well as an
interpretation key i.e. the emissions are compared to passenger car
transport. No materials are included in the environmental evaluation of the

switchgear.




3.5

Sheet: Cost result explanation

LCP-Calculation of AX1 Switchgear and Station Control System, SCS

More detailed explanation to cost differences between AX1 and Conventional switchgear
Customer. PEA; Plant: Lucent; ABB Reference: Wi

“alue of additional floor space
With 15 panels the area needed for A1 is 7 76 m2 smaller than Conventional switchgear.
With a value of 20000 SEK/m?2 the life time value of reduced floor space of AX1 is 155250 SEK
“alue of energy losses
The energy use for one panel of A1 is 135 W and the energy use for one conventional panel is 500 W
Wyith 15 panels and an operating tirne of 3000 héyear gives yearly losses; for AX1 16200 kWh, and Corventional 60000 kih
Wyith a electricity cost of 1 SEK/kWh and the intrest rate of 6 % gives:
yearly cost of electricity losses for AX1 are 16200 SEK and the net present value over 20 years are 185813 SEK
yearly cost of electricity losses for Conventional are 60000 SEK and the net present value over 20 years are 533195 SEK
The lifetime value of the savings in energy with Ax1 is 502383 SEK

aluo of cornlote o1 on

Figure 5 Screenshot (part) of " Cost result explanation"

This is an explanation of how calculations are made and what the
assumptions are. The text takes input data and makes the calculations for
maximum transparency.

4. FUTURE OF THE TOOL

The tool is being presented to the PTMV department (responsible for
development and marketing of AX1) and they will test it on customers.

10




