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1. Introduction

LifeCycle is a module in the IES <Virtual Environment> system. LifeCycle is part
of the VE/Cost product group and it enables users to undertake Life Cycle
Analysis (LCA) studies.

This document assumes you have a working knowledge of LCA and LifeCycle.
In the following pages several LCA calculations published by the US
Department of Energy are entered into LifeCycle and the results compared. This
document serves two functions:

1. The accuracy of the LifeCycle algorithms is demonstrated.

2. Due to the complexity of the LCA examples, an explanation of how to
assign different LCA elements to the different categories available in
LifeCycle. This should help users better understand the facilities
available in LifeCycle.
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2. Test Example 1: HVAC System for US Federal
Office Building

This example is taken from the Life-Cycle Costing Manual published by the US
Department of Energy [1].

In this first example two options are considered. The basic information is as

follows:

Location: Washington DC, DOE Region 3

Discount Rate: Current FEMP discount rate

Energy Prices: Electricity at $0.08/kWh

Discount Factor: FEMP UPV* factor based on a 3% (real) discount
rate

Useful Life of System: 20 years

Study Period: 20 years

As this is a US case study we will use $US as the currency in LifeCycle. In the
US they use published tables to calculate discount rates to three decimal
places. This can cause some minor rounding errors.

2.1. Option 1 : Constant Volume HVAC System

The base case is a constant volume HVAC system. The relevant cash flows
are as follows:

Initial Investment: $103,000 assumed to occur in a lump sum.
Electricity: $20,000 per annum (250,000 kWh at $0.08/kWh).
Operating, Maintenance and Repair: $7,000 Annual cost.

Fan Replacement: $12,000 at the end of Year 12.

Residual Value: $3,500 at the end of the study period (20 years).

E I I

We then need to decide the best category or ‘tab’ in LifeCycle to place each of
these costs.
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LifeCycle Category

Description

Rates

Set the study period to 20 years and the discount rate to 3%.

The electrical discount rate is based upon the electrical price escalation
rates projected by the US DOE. From the current tables provided by the
DOE the sum of these annual values over 20 years is 15.13. This value is
normalised in LifeCycle to be 2.82% over 20 years.

Capital

Initial Investment of $103,000.

Energy

There are two options for entering electricity costs:
1. Putin a fixed cost of $20,000 in the electricity cost element.
2. Enter a Standing Charge of zero and a cost/kWh of 0.08. Use one of
the electricity components e.g. lighting and enter 250,000 kWh with
a COSP of 1.0. Set all other values to zero and LifeCycle will
calculate electricity cost of $20,000.

Annual

O, M & R of $7,000.

Repair

Fan replacement of $12,000 in Year 12.
Residual Value of -$3,500 in Year 20. This is a negative value as it is an
income. In LCA expenditures are positive and income is negative.

Other

None.

The published LCA results [1] as follows:

Data Summary for Conventional HVAC Design: Base Case—Simple Example

Cost ltems BaseDate Year of Discount Factor Present
Cost Occurrence Value

(1) (2) (3) (4) (5)=(2)x(4)

Initial investment cost $103,000 Base date already in present $103,000

value

Capital replacement (fan) $12,000 12 SPV,, 0.701 $8,412

Residual value ($3,500) 20 SPV,, 0.554 ($1,939)

Electricity:

250,000 kWh at $0.08/kWh $20,000 annual FEMP UPV#,, 15.13 $302,600

OM&R $7,000 annual UPV,, 14.88 $104,160

Total LCC $516,233

* The residual value is subtracted from the LCC.
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The results from LifeCycle are:

i
=
Descriptian | Expenditure [$]| Present Yalue [$]| ﬂ
Capital Cozts Capital Cost 103,000 103,000
Total 103,000
Energy Costz Electricity: ezcalating at DOE costs
Fuel 1] 1]
Electricity 20,000 302 5E2
zub-total 202662
Total 302,562
Annual Costs OMER 7,000 104,142
Total 104,142
Repair Costs Fan Replacement [vear 12) 12,000 2.417
Fezale Walue [vear 20] -3.500 1,938
Total 6.479
Met Prezent Yalue 516,183 LI

The differences are insignificant as they are rounding errors created because
the discount factors used in the FEMP calculation are from tables rounded to
the third significant figure whereas in LifeCycle they are more ‘accurately’

calculated.
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2.2. Option 2: Alternative Energy Saving Design
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The alternative is a constant air volume system with a reciprocal chiller, night-

time setback for heating and air conditioning, and economiser cycle. The

relevant cash flows are as follows:

T

E R

Initial Investment: $110,000 assumed to occur in a lump sum at the

base date.

Electricity: $13,000 per annum (162,500 kWh at $0.08/kWh).
Operating, Maintenance and Repair: $8,000 Annual cost.

Fan Replacement: $12,500 at the end of Year 12.

Residual Value: $3,700 at the end of the study period (20 years).

We then need to decide the best category or ‘tab’ in LifeCycle to place each of
these costs.

LifeCycle Category Description

Rates As Case 1 the study period is 20 years, the discount rate is 3% and the
electrical discount rate is 2.82%.

Capital Initial Investment of $110,000.

Energy The Standing Charge was set at zero and the cost/kWh was 0.08. The
lighting electricity component was given 162,500 kWh with a COSP of 1.0.
All other values were set at zero. LifeCycle calculated electricity cost of
$13,000.

Annual O, M & R of $8,000.

Repair Fan replacement of $12,500 in Year 12.
Residual Value of -$3,700 in Year 20.

Other None.

The published LCA results [1] for Option 2 are:

Data Summary for Energy-Saving HVAC Design Alternative—Simple Example

Cost Items Base Date Year of Discount Factor Present
Cost Occurrence Value
(1) (2) (3) (4) (5)=(2)x(4)
Initial investment cost $110,000 Base date already in present value  $110,000
Capital replacement (fan) $12,500 12 SPV,,  0.701 $8,762
Residual value ($3,700) 20 SPV,,  0.554 ($2,050)
Electricity:
162,500 kWh at $0.08/kWh $13,000 annual FEMP UPV*, 15.13 $196,690
OM&R $8,000 annual UPV,, 14.88  $119,040
Total LCC $432,442
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The results from LifeCycle are:
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]
&
Drescription Ezpenditure [$]| Prezent Yalue [$]|
Capital Costs Capital Cost 110,000
Total 110,000
Energy Coztz Electricity: ezcalating at DOE costs
Fuel 1]
Electricity 196,665
136,665
Total 196665
Annual Cozts OM&R 113,020
Total 119.020
Fiepair Coztz Fan Replacement [vear 12) 8,767
Reszale Yalue [vear 20 -2.049
Total 6.719
Met Prezent Yalue 432 404

The differences due to rounding errors created in the FEMP calculation.

2.3. Comparative Analysis

The best option over the period of the study is the options with the lowest life

cycle cost. In this case, from LifeCycle:

f Option 1is $516,183
1 Option 2 is $432,404

Hence Option 2 provides a Net Saving of $83,779 over twenty years.
Remember this is over and above the 3% rate of return already taken into

account through the discount rate.
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3. Test Example 2: HVAC System for US Federal
Office Building

This example is taken from the Life-Cycle Costing Manual published by the US
DOE [1].

The basic information is the same as Test Example 1. However, the problem
has been made more complex due to the following changes:

1 The initial costs of the HVAC system will be phased in over an initial two
year period. This will extend the study period by two years to 22 years
i.e. two years pre-service followed by a 20 year service period.

1 The useful life of both systems is different: 15 years for the base case
and 20 years for the alternative. The replacement cost of the base
system after 15 years will be $60,000 to prolong its life to at least 20
years. This will result in a higher residual value of $20,000 at the end of
the 20-year service period.

1 Both systems use electrical and natural gas.

3.1. Option 1 : Base Case i Conventional Design

The base case is a constant volume HVAC system. The relevant cash flows
are as follows:

Initial Investment: $103,000 over two years pre-service.

Electricity: 125,000 kWh at $0.08/kWh per annum.

Fuel: 1700 GJ at $5.93/GJ per annum.

Operating, Maintenance and Repair: $7,000 Annual cost.

Fan Replacement: $12,000 at the end of Year 14 of study, i.e. Year 12

of service life.

1 Plant Replacement: $60,000 at the end of Year 17 i.e. Year 15 of
service life.

1 Residual Value: $20,000 at the end of the study period i.e. Year 22.

= =4 -4 -4 -9
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Data Summary for Conventional HVAC Design: Base Case—Complex Example

Cost Items Base Date Year of Discount Present
Cost Occurrenc Factor Value
(from Base Date)

(1) (2) (3) (4) (5)=(2)x(4)
Initial Investment Cost:

Ist Installment at $51,500 1 SPV, 0.971 $50,007

midpoint of construction

2nd Installment at

beginning of service period $51,500 2 SPV, 0.943 $48,564
Capital replacement (fan) $12,000 14 SPV,, 0.661 $7,932
Capital replacement (plant) $60,000 17 SPV,, 0.605 $36,300
Residual value ($20,000) 22 SPV,, 0.522 ($10,440)
Electricity
125,000 kWh at $0.08/kWh $10,000 annual FEMP UPV* $142,800

14.28

Natural Gas
1700 GJ at $5.93/GJ $10,080 annual FEMP UPV* $171,662
(= 1800 MBtu) 17.03
OM&R $7.000 annual UPV 14.03 $ 98,210
Total LCC $545,035

These costs are then entered into the following LifeCycle categories:

LifeCycle Category

Description

Rates

Set the study period to 22 years and the discount rate to 3%.

The electrical discount rate, based upon the electrical price escalation rates
projected by the US DOE is normalised in LifeCycle to be 2.82%.

The fuel discount rate, calculated in the same way, is 1.32%.

Capital

None. The capital costs have now been assigned to ‘Repair’ costs in Years
1 and 2. We could also have entered these costs via the ‘Other’ category in
LifeCycle.

Energy

Electricity: 125,000 kWh at $0.08/kWh per annum entered as before.
However, fuel is 1700 GJ at $5.93/GJ per annum. Therefore to incorporate
this information, go to the Fuel option in Energy and enter 5.93 into the rate
and 1700 in the Fuel and set the COSP at 1.0 (because these figures are
fuel consumption and system efficiency is already incorporated).

Annual

None.

Repair

First instalment of plant: $51,500 in Year 1.
Second instalment of plant: $51,500 in Year 2.
Fan replacement of $12,000 in Year 14.

Plant Replacement of $60,000 in Year 17.
Residual Value of -$20,000 in Year 22.

Other

The Annual Maintenance costs have been move to this facility because
there are no O, M & R costs in the first two years. With this option we can
define these costs between Year 3 and Year 22.

The results calculated are [1]:

The results from LifeCycle are:
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D ezcription Expenditure [$] Prezent Yalue [§]
Capital Costs Capital Cost 1] 1]
Total 0
Energy Costz Electricity: ezcalating at DOE costs
Fuel 10,03 171,627
Electricity 10,000 143,099
sub-total MN4.726
Total 34,726
Fepair Costs Tzt Installment [Year 1) 51,500 a0,000
2nd Installment [vear 2) 51,500 43,544
Fan Replacement [v'ear 14] 12,000 733
Flant Replacement [ear 17) &0,000 36,301
Residual ¥ alue [vear 22] -20,000 10,438
Total 132,340
Other Costs OMER 7.000 93,164
Total 98.164
Met Prezent Yalue 545_230

The differences are due to rounding errors in the discount factors used in the
FEMP calculation.
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3.2. Option 2: Alternative Energy Saving Design

The alternative is similar to Option 2 of Test Example 1. The relevant cash
flows are as follows:

= =4 =4 -8 -9

Initial Investment: $110,000 over two years pre-service.

Electricity: 100,000 kWh at $0.08/kWh per annum.

Fuel: 1180 GJ at $5.93/GJ per annum.

Operating, Maintenance and Repair: $8,000 Annual cost.

Fan Replacement: $12,500 at the end of Year 14 of study, i.e. Year 12

of service life.
1 Residual Value: $3,700 at the end of the study period i.e. Year 22.

These values are entered in LifeCycle as follows:

LifeCycle Category

Description

Rates

As Case 1 the study period is 20 years, the discount rate is 3% and the
electrical discount rate is 2.82%.

Capital Initial Investment of $110,000.

Energy The Standing Charge was set at zero and the cost/kWh was 0.08. The
lighting electricity component was given 162,500 kWh with a COSP of 1.0.
All other values were set at zero. LifeCycle calculated electricity cost of
$13,000.

Annual O, M & R of $8,000.

Repair Fan replacement of $12,500 in Year 12.
Residual Value of -$3,700 in Year 20.

Other None.
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The results calculated are [1]:

Data Summary for Energy-Saving HVAC Design Alternative—Complex Example

Cost Items Base Date Year of Discount Factor Present
Cost Occurrence Value
(from Base Date)
(1) (2) (3) (4) (5)=(2)x(4)
Initial Investment Cost
1st Installment at $55,000 1 SPV, 0.971 $53,405
midpoint of construction
2nd Installment at $55,000 2 SPV, 0.943 $51,865
beginning of service period
Capital replacement (fan) $12,500 14 SpPv,, 0.661 $8,262
Residual value ($3,700) 22 SPV,, 0.522 ($1,931)
Electricity
100,000 kWh at $0.08/kWh $8,000 annual FEMP UPV* 14.28 $114,240
Natural Gas
1180 GJ at $5.93/GJ $7,000 annual FEMP UPV* 17.03 $119,210
(= 1250 MBtu)
OM&R $8,000 annual UPv 14.03 $112,240
Total LCC $457,291
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The results from LifeCycle are:

x
&
Diescription | Expenditures [$]| Fresent Yalue [$]|
Capital Cozts Capital Cost 0 1]
Total 0
Energy Cozts Electricity: escalating at DOE costs
Fuel £.397 119,122
Electricity 2,000 114,477
zub-taotal 233599
Total 233,599
Fepair Costs 1zt Installment [Y'ear 1] 55,000 53398
2nd Installment [vear 2) 55,000 51,843
Fan Replacement [Tear 14] 12500 8.264
Residual ¥ alue [vear 22] 3,700 1,931
Total 111.574
Other Costs OM&R 8,000 112,188
Total 112,188
Met Prezent ¥alue 457 360
The differences are due to rounding errors created in the FEMP calculation.
3.3. Comparative Analysis
From LifeCycle the life cycle costs for both these two options are:
1 Option 1 is $545,230
1 Option 2 is $457,360
Hence Option 2 provides a Net Saving of $87,870 over the project life.
Remember this is over and above the 3% rate of return already taken into
account through the discount rate.
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