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Foreword

:2019(E)

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

A complete assessment of an investment in an energy saving project (EnSP) requires analysis of all
costs and benefits over the lifetime of the investment. This assessment can be used to prioritize the
EnSPs. However, it is important to consider the aim and scope at the outset because this will prescribe
the course to be followed. The basic criterion for evaluating an investment decision in an EnSP is that
the benefits resulting from the EnSP should be greater than the costs incurred within a defined time
period for the return on the investment.

This document prnvidpc gnidan(‘p on-a mpfhndn]ngir‘:ﬂ framework for the calculation _evaluation and
reporting| of economic status by defining economic indicators to facilitate the selection of energy
performafce improvement actions (EPIAs), EnSPs or opportunities. It provides examples and concepts
to demongtrate the financial value of the activities related to energy savings to ensure the busingss
connectiop to the organization.

This document is intended to help EnSP investment evaluators to determine an apprapriate approach
or type offanalysis at an appropriate level of detail and to assist energy savings evaluators in complet|ng
consistent analyses using documented assumptions and reasoning. This documeéntincludes analytical
techniquets that are commonly required for an economic evaluation of an EnSP.

Where pgssible, the financial evaluation of an EnSP should follow the ‘approved method of the
organizatjon making the investment, and the detailed approach outlined in this document should|be
adjusted hased on guidance from the organization.

14
Q

The aim ¢f an economic and financial evaluation is to provide.the information needed to make
judgement or a decision in relation to EnSPs.

The perspective of analysis is important, as it often dictates the approach to be used. Also, the ultimpte
use of the|results of an analysis will influence the level;of detail required. The decision-making critejria
of the poténtial investor should also be considered.

This analysis approach provides a significantly better evaluation of the long-term implications of[an
investment than methods that focus on first{cost or short-term results. In this document, evaluatjon
methods fan be applied to virtually any public or private business sector investment decision|as
well as EnSPs decisions. Such decisions include the evaluation of alternative solutions with differgnt
initial cogts, operating and maintenance costs, and the evaluation of investments to improve energy
performance.

The procgss approach and steps used for EnSPs economic and financial evaluation, which are uged
throughout this document;-are’illustrated in Figure 1.
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Steps of an economic and financial evaluation of an EnSP

5.1 General
Step 1: 5.2 Description of an EnSP and
ep L ~ associated lifetime
5. Planning an economic 5.3 Identification and definition of
and financial evaluation > the boundaries
k of an EnSP ) 5.4 Data collection
5.5 Evaluation objectives and
required accuracy
Step 2:
6.1 Prediction-and estimation of
6. Estimation and W Energy saviigs )
calculation of energy and > 6.2 Engrgy savings calculation
non-energy effects J 6.3 Est1mat1_on of non-energy e.ffacts
6.4°Conversion of EnSP effects infto
economic value
Step 3:
7. Identification and 7.1 General
calculation of costs and 7.2 Cost characteristics
cash flows 7.3 Cash flows description
Step 4: 8.1 Economic and financial
indicators
8. Analysis and assessment 8.2 Assessment
8.3 Analysis
8.4 Decision-making
Step 5:
9. Reporting

Figure 1 — Economic and financial evaluation approach
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This document includes:
a) terms and definitions;

b) the types of costs that should be taken into account for the calculation of the economic and financial
evaluation of EnSPs;

c) the data needed for the determination and calculation of costs related to the EnSP under
consideration;

d) the calculation and assessment of economic and financial indicators (EFIs);

e) ageng¢ral framework and rules for the economic priorities of EnSPs;

f) the principle of reporting and expression of results for the economic and financial evaluatigns
of En§Ps.

This docnment provides indicators for the financial evaluation of all types of EnSPs{-Those indicatprs
include the internal rate of return (IRR), net present value (NPV), payback period~(PP) and life cycle
cost analysis (LCCA).

This document can be used by any organization during the important phases®f an energy management
system, stich as energy review, design, procurement and management review, to prioritize and rec¢rd
energy pefformance opportunities accurately, consistent with ISO 50001.

This document also can be used by any stakeholder (e.g. policy makers, decision-makers, organizations,
NGOs) thgt aims to quantify the cost of EnSPs over a specific period. Annex A provides guidance|on
the steps ffor an energy savings calculation. Annexes B to F provide an overview of the economic gnd
financial ¢valuations with practical examples.
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Energy saving projects (EnSPs) — Guidelines for econ
and financial evaluation

before implementation, using economic and financial evaluation. It includes a common set 6f)]

The methodology for the estimation of the energy savings is critieal when determining cos|

Thle methodology of the scenario generation (building) for futureé.energy saving measures a
is mot covered by this document.

Geperal rules and methodologies within this document ‘can be used either independe
copjunction with other standards and protocols.

2 | Normative references

Thiere are no normative references in this document.

Terms and definitions
For the purposes of this document; the following terms and definitions apply.
ISQ and IEC maintain terminoelogical databases for use in standardization at the following ad

ISO Online browsing-platform: available at https://www.iso.org/obp

IEC Electropedia: available at http://www.electropedia.org/

3.1
anpnual cost
sujn of ruhning costs and periodic costs or replacement costs paid on the year n

omic

s (EnSPs)
brinciples.

s) that are
ive of the

ment and

t savings.

hd actions

htly or in

lresses:

Note-Dto entry: The running cost is the money that needs to be spent regularly to run an energy sa

ing project

(3.11) or an energy performance improvement action (3.10), e.g. cost of maintenance, labour costs.

3.2
capital cost

initial construction costs and costs of initial adaptation where these are treated as capital

expenditure (3.3)
[SOURCE: ISO 15686-5:2017, 3.1.2, modified — Note 1 to entry has been deleted.]

3.3
expenditure
money used to purchase, install and commission a capital asset

[SOURCE: ISO 15663-1:2000, 2.1.6, modified — “capital” has been deleted from the term.]
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3.4

cash flow

CF

movement of money into (cash inflow) or out of (cash outflow) a business, project (3.24) or financial
product

Note 1 to entry: Cash flow is usually measured for a specified period.

3.5
discount rate
factor or rate rnﬂnr‘ﬁng the time value of money. that is used to convert cash flmuc (ﬂ) accurring at

different fimes to a common time

[SOURCE:|ISO 15686-5:2017, 3.3.1]

3.6
direct cost
expense that can be traced directly to an energy saving project (3.11)

3.7
energy
electricity, fuels, steam, heat, compressed air and other similar media

Note 1 to pntry: For the purposes of this document, energy refers to the arious forms of energy, includiing
renewable] which can be purchased, stored, treated, used in an equipmentor'in a process, and recovered.

[SOURCE:|ISO 50001:2018, 3.5.1]

3.8
energy cgnsumption
quantity qf energy (3.7) applied

[SOURCE:|ISO 50001:2018, 3.5.2]

3.9
energy pe¢rformance
measurablle result(s) related to energytefficiency, energy use and energy consumption (3.8)

[SOURCE:|ISO 50001:2018, 3.4.3, madified — Notes 1 and 2 have been deleted.]

3.10
energy pérformance improvement action
EPIA
action or [measure or<group of actions or measures implemented or planned within an organizatjon
intended |to achieve( energy performance (3.9) improvement through technological, managerjal,
behavioutal, economical, or other changes

[SOURCE:|ISO'50015:2014, 3.5, modified — “or operational” has been deleted.]

3.11

energy saving project

EnSP

activity that is intended to contribute to a measurable reduction in energy consumption (3.8)

Note 1 to entry: An EnSP can also be intended to contribute to a reduction in greenhouse gas emissions.

Note 2 to entry: An EnSP includes at least one energy performance improvement action (3.10).

2 © IS0 2019 - All rights reserved
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3.12

energy savings
reduction of energy consumption (3.8) following the implementation of an energy performance
improvement action (3.10)

[SOURCE: ISO/IEC 13273-1:2015, 3.3.9]

3.13

hu

rdle rate

minimum rate of return on a project (3.24) or investment required by a manager or investor

significant energy (3.7) result occurring beyond the project boundary as a consequence of action(s)
within the project boundary,

Nofe 1 to entry: Correctly identifying and accounting for consequential effects mitigates the risk (3.27) of double
coynting when the results.of various energy performance improvement actions (3.10) are combined.

Nofe 2 to entry: The.Consequential effect is limited to the boundaries of the authority of the management of the
engrgy-using systemnr.

EXAMPLE Changing the lighting system to be more efficient will have a consequential effect o the HVAC
syqtem. Ifsthe'measurement boundary is the lighting system only, the consequential effect on the HVAC system
shqulddedescribed.

[SOURCE-1SQ 17741:2016, 313 maodified — Notes 1 and 2 have been replaced and the exaimple has
been slightly amended.]

3.18

life cycle cost

LCC

discounted cumulative total of all costs incurred by an energy performance improvement action (EPIA)
(3.10) over its life cycle

Note 1 to entry: For an energy saving project (3.11), the discounted life cycle cost is the sum of all discounted costs
of the constituent EPIAs, taking into consideration their respective lifetimes.

[SOURCE: ISO 15663-3:2001, 2.1.9, modified — “an energy performance improvement action” has
replaced “a specified function or item of equipment” and Note 1 to entry has been added.]

© IS0 2019 - All rights reserved
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3.19

life cycle cost analysis

LCCA

methodology for the systematic economic evaluation of life cycle costs (3.18) over a period of analysis,
as defined in the agreed scope

3.20

maintenance cost
total of necessarily incurred labour, material and other related costs incurred to retain equipment, a
process or its parts in a state in which it can perform its required functions in an energy saving project
(EnSP) (3.5

Note 1 to |entry: Maintenance includes conducting corrective, responsive and preventative maintemance|on
EnSPs, or their parts, and includes all associated management, cleaning, servicing, repairing and replacing of
parts, whefe needed, to allow the EnSP and its parts to be used for its intended purposes.

[SOURCE:|ISO 15686-5:2017, 3.1.9, modified — In the definition, “equipment, a process® has replaced “a
building”.|In the note, “ENSPs” has replaced “constructed assets” and “repainting” hasbeen deleted.]

3.21
minimum attractive rate of return
MARR
hurdle ratg (3.13) for a project (3.24) within an organization

Note 1 to eptry: MARR is used to determine the net present value (3.22).

Note 2 to eptry: In capital budgeting, the discount rate (3.5) used is known the hurdle rate and is usually equal to
the incremental cost of capital.

3.22
net present value
NPV
sum of th¢ discounted future cash flows (3.4)

Note 1 to eptry: NPV converts future cash flows\using a given discount rate (3.5).
[SOURCE:|ISO 15686-5:2017, 3.2.2, modified — Notes 1 and 2 to entry have replaced the Note 1 to entry.]

3.23
new project
project inpolving an energy @sing system that has not been installed or commissioned, such that the
project capnnot be considered-and treated as a retrofit

[SOURCE:|ISO 17741:2016, 3.16, Note 4 to entry]

3.24

project

unique prpeess consisting of a set of coordinated and controlled activities with start and finish dafes,
undertak o_achieve an gg- e Qnio lll: gig- aYa ‘ll‘lil ll: QIS -lig 'e’

cost and resources

Note 1 to entry: An individual project may form part of a larger project structure and may consist of two or more
energy performance improvement actions (3.10).

Note 2 to entry: The complexity of the interactions among project activities is not necessarily related to the
project size.

Note 3 to entry: Energy savings (3.12) is the quantitative result as the project activities bring about reduction in
the energy consumption (3.8) of energy-using systems within the project boundary.

Note 4 to entry: Retrofit project is a project conducted on an already existing energy-using system.

4 © IS0 2019 - All rights reserved
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[SOURCE: ISO 17741:2016, 3.16, modified — Note 4 to entry has been deleted and Note 5 to entry
renumbered accordingly.]

3.25
payback period

PP

period after which the initial capital invested has been paid back by the accumulated net revenue earned

[SOURCE: ISO 26382:2010, 3.13, modified — Note 1 to entry has been deleted.]

3.26

pr
PV

pry
va

[S(
3.7

bsent value

bsent worth
ue of the project (3.24) cash flow (3.4) excluding the initial investment outlay

URCE: ISO 15663-2:2001, 2.1.2, modified — “present worth” has been added\asthe admitt
7

risk

eff

No
crg

No

No
lik
[Sq
3.2

sel
tes

[S(

3.2
us
est

ect of uncertainty on objectives

fe 1 to entry: An effect is a deviation from the expected. It can be po§itive, negative or both, and c
ate or result in opportunities and threats.

fe 2 to entry: Objectives can have different aspects and categoties, and can be applied at different 1

Fe 3 to entry: Risk is usually expressed in terms of risk sources, potential events, their consequencg
blihood.

URCE: IS0 31000:2018, 3.1]

8
nsitivity analysis
t of the outcome of an analysis by.altering one or more parameters from initial value(s)

URCE: ISO 15686-5:2017, 3.2.5]

9
pful life
imation of the medidn.humber of years of equipment life and accordingly the life of the pro

ed term.]

hn address,

bvels.

s and their

ject (3.24)

4 | Symbolsand abbreviated terms
For the purposes of this document, the following symbols, abbreviated terms and units apply|
Symbol/term Description Typical unit
- annualinvestment (fivpd and v:rithp) $
A uniform annual saving
A, net cash flow $
Ay annual costs, inc!uding variable and fixed annual costs $
and working capital cost
Cq cost (or net proceeds) of disposal $
C, cost of energy savings $/kWh, $/M]
C initial cost of the system $
Cy, cost of maintenance and repair $
NOTE For simplicity, the financial unit of currency in this document is shown using a $ symbol.
In practice, it will normally be in the local currency of the country where the EnSP is taking place.

© IS0 2019 - All rights reserved
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Symbol/term Description Typical unit

, Fash oqtflow l(at the beg%n.nilnglof and during the pro- $

ject; this can include an initial investment)

DPP discounted payback period years

E. annual energy consumption kWh, M]

E, energy price $

i interest rate %

IRR internal rate of return %

LCC Tife cycle cost >

n lifetime of the system years

NPV net present value $

PI profitability index —

PP payback period years

PV present value $

r discount rate %

R, cash inflow $

SPP simple payback period years

t time years
NOTE For simplicity, the financial unit of currency in this documentis shown using a $ symbol.
In practice, it will normally be in the local currency of the country where the EnSP is taking place.

5 Planping an economic and financial evaluation of an EnSP

5.1 General

When planning and describing an EnSP, the costs and cash flows involved should be considered. As for g
other investment, an EnSP should normally shéw a return on invested capital more than the hurdle ra]

NOTE The organization takes the decision as to whether the project return needs to exceed the hurdle r
An EnSP cdn be done as part of the sociaklicence to operate.

To be ablg¢ to take a decision about the course of action on the recommendations of an energy au
managempnt needs to calculate all the costs associated with the project and determine the potent
returns of the proposal.

This, howgver, is not quite as simple as it might first appear. Savings from EnSPs often decrease w
time and EnSPs can require more maintenance, with higher associated costs, as they get older.

ny

hte.

lit,
ial

ith

or

If an EnSP is self-financed or implemented using borrowed money, the opportunity cost of money
interest payments will apply. Both inflation and tax will influence the value of any future energy savi
that can bg@chieved. It is therefore important that the economic and financial evaluation process all

gs
S

for all these Tactors, with the aim of determining which ENSPs should be undertaken and of optimizing
the benefits achieved. Consequently, a number of accounting and financial evaluation techniques have

been developed to help decision-makers.

The detail of the financial evaluation should be proportionate to the size of the investment.
Organizations may consider the level of detailed financial analysis in relation to the magnitude of the

benefits and associated costs.
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The following elements should be considered when carrying out an economic and financial evaluation
of an EnSP:

5.]

the aim of the evaluation;
the required accuracy of the evaluation results;

the availability of data related to energy consumption within the selected boundary;

the capital budget for the implementation of the Ensr;

the types of costs related to the EnSP, including non-energy costs;

the current situation of energy consumption and relevant variables;
the future situation of energy consumption and costs;

uncertainty and risks associated with costs and savings from the EnS®;
EFIs for the evaluation of the EnSP;

whether a full financial evaluation is justified given the required investment in the proje

g Identification and definition of the boundaries

5.3.1 General

An| EnSP boundary should be selected to ensure that interactions and all activities related t|
ar¢ included or calculated as interactive effects?

Th
or

e EnSP boundary may include the facilities, systems, processes and equipment affected by
EPIA(s) implemented within the pteject. The EnSP boundary should include measursg

calculations required to determine the-interactive effects of the implementation of the projed

Th|
wi

e project boundary can be drawn around an individual EPIA(s) or EnSP, if it is considered
1 be no interactive effects-with other facilities, systems or equipment.

NOTE Examples of boundaries:

a)
b)

9

a university campus;
the engineerinig/department within the university;

all the lighting systems in the university campus.

5.3.2 4 _Examples of EnSP boundaries

Ct.

o an EnSP

' the EnSP
bments or
t.

that there

According to the type of action, an EnSP or EPTA can take various forms, iIncluding:

a)
b)

A

d)

organizational culture, e.g. changing the behaviour of staff in an organization by training;

replacement of old technologies with new technologies or adding a new part to im
operation of equipment;

prove the

application of renewable energy resources, e.g. using a photovoltaic panel to reduce the fuel

consumption of a generating system;

use of procured services for improving energy performance, e.g. personnel training, energy audits,

consultants for repairing and maintaining facilities and equipment.

An EnSP can include one or more EPIAs, as shown in Figure 2 and Table 1.

©lI
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EnSP boundary

e e e e ————

EPIA 2

4 )

EPIA 4

Installing a watd:r-saving
toilet system

Changing to !

high-efficiency

conaitioner

EPIA1

4 )
\ / Changing to a
high-efficiency
copy machine

Insulation of external wall
with thermal resistance

NOTE Installing a water savings toilet system does not save energy within the boundary of an EnSP. It ¢an
save energl outside the boundary depending on how the water is made available within the EnSP boundary.

Figure 2 — Example of EPIAs.in an EnSP boundary

Table 1 — Example of' EPIAs in an EnSP boundary

No. ERTA Inside or outside EnSP
boundary?
EPIA 1 Installation of a new packaging machinery Inside
EPIA 2 Repla(_:e_ment of motors with va_rlable speed drives (VSDs) on Inside
the mixing and kneading machines
Replacement of flugrescent lights with LEDs in the factory and Crosses boundary
EPIA 3 ; . o .
adjacent offices (part inside, part outside)
EPIA 4 Staff training,on new machinery Inside
Outside (even though some of the
EPIAS Adding PV panels to the warehouse roof electricity generated can be used
inside the factory)
EPIA 6 Awsnew heat recovery unit in the wash room (where baking Inside
frays and mixing howls are washed overnight)
EPIA 7 New air conditioning units in the sales department Outside
EPIA 8 Changing the baking ovens from gas to electricity Inside

5.4 Data collection

The collection and quantification of data necessary for the economic and financial evaluation of an
EnSP need a data collection plan that includes sources, collection and measurement methods.

The collection of data for evaluation with enough accuracy depends on availability, reliability and
related costs. In order to ensure the best quality and accuracy possible for the data, according to the
quantification objectives and the resources available, a data collection plan should be defined. The plan
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should specify the data necessary to calculate the economic indicators and should state how and at
what frequency the data should be collected and retained.

When data are not available, or the nature of the project is such that data cannot be measured, the
estimation method should be used.

5.5 Evaluation objectives and required accuracy

Before undertaking an economic and financial evaluation, the organization should consider the
required level of accuracy, based on the objective and methods of estimation. In many cases, a rough

(a
de
to

eff
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In
an
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md
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Ac
to

Th

ap

Th

6.

Th
detailed calculations,s€e ISO 50046:2019, Annex E. The following points are important for an
evaluation.

Depending on’the EnSP complexity, measurement data accuracy level and availability of]
calculationshould be supported by measured data for baseline and post-installation conditio

Enprgy.savings calculations for an EnSP or EPIA vary widely in complexity and accuracy bec
projécts have not been implemented. To select the appropriate energy savings calculatio

N |

proximate) estimate of the financiat analysis may be Undertaken or a pubiisied benchma
ermine whether to undertake a subsequent detailed estimation. This initial estimationuna
consider all the relevant variables, but should instead consider only those with the-most s
ects. [t may also rely on existing sources of data, such as meter readings, utility energy billg
duction volumes.

some cases, it is possible to use estimations and assumptions that reduce thelamount of det
1 permit the use of averages rather than detailed annual calculations.

a final investment decision, more accurate data may need to ‘beé collected, e.g. by
nitoring equipment, such as energy sub-meters, or by collecting.other potentially relevant

furacy improves over the development stages of an EnSP. EF[s'should be recalculated after
make decisions on moving the EnSP forward.

Estimation and calculation of energy and non-energy effects

Prediction and estimation of energy’savings

e first action for estimating energy sayings for an EnSP is to select the appropriate savings ¢
broach, considering the appropriatedevel of precision to conform to policy requirements.

e methodology for predicting energy savings for each type of EnSP or EPIA is given in ISO |

Energy savings calculation

calculation of predicted energy savings should be in accordance with ISO 50046. For an ¢

k used to
y not need
ignificant
or annual

hil needed

installing
data, such

the number of people using a facility or the daily volume of production in an industrial faciflity.

bach stage

stimation

50046.

xample of
economic

data, the
ns.

huse these

n, several

factors should be considered, including accuracy, sensitivity, uncertainty and data requirements.

The prediction of energy savings should be carried out with levels of accuracy and cost appropriate to
the objectives. Care should be taken since predictions with a higher accuracy involve a higher cost.

Converting from predicted energy savings into reduction energy costs is recommended and can be
calculated by multiplying the energy consumption by the unit energy price for each source of energy.
It should be noted that calculating the reduction of energy consisting of multiple EPIAs requires
compensation for the interactive effects for predicted energy savings.

NOTE 1 For more information on general technical rules for the measurement, calculation and verification of
energy savings in retrofit projects or new projects, see ISO 17741.

NOTE 2  Additional information on the steps for calculating energy savings is provided in Annex A.
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6.3 Estimation of non-energy effects

The impact of EnSP measures is routinely calculated in terms of energy, and often emission savings,
but an EnSP can also generate non-energy benefits. These include indirect benefits such as operation
and maintenance savings, climate change mitigation, enterprise productivity, energy prices, increased
occupant comfort or productivity, reduction in downtime, increase in throughput, reduced sensitivity
to the quality of inputs, improved reparability, resilience to floods, temperature extremes, earthquakes,
and power outages. Occasionally EnSPs have adverse effects on other parameters and, if present, these
should also be calculated.

Identifyi
generatio
significan

EnSP eva
report no
productiv|
degradati
of the EPI

are included in the financial analysis.

6.4 Cor

641 G

The esser
revenues

sustainab
andinac

time and place where they are incurred.

64.2 R

The cash
several fo

Revenue yaluation is then simply a(matter of estimating the monetary value of these savings and n

energy sa

6.4.3 Estimation of external costs and benefits

An econorpic evaluation-ef an EnSP typically focuses on measuring the benefits and costs of the EnSH
the directlusers of the'infrastructure or asset in question. However, an EnSP can also result in bene
to or cost$ borne by~other users, usually referred to as “external costs” or “externalities”.

The estimation'of external costs and benefits are not part of the financial analysis of an EnSP, |

the impo

and risk mitigation, and the inclusion of these into investment assessments, can contrib
ly to raising the priorities of EnSP investments.

[-

uators should use established methodologies to measure, quantify, verify, monetize 3
h-energy benefits. The non-energy effects of an EPIA or EnSP can be positive\(€.g. improy

bn of non-energy performance). Organizations should assess the positiveland negative effe
As and ensure that investments directly identifiable and necessary to realize those impa

version of EnSP effects into economic value

bneral

ce of an economic and financial evaluation is thevidentification of all expenditures 3
pver the lifetime of an EnSP, with a view to assessing the ability of an EnSP to achieve finang
lity and a satisfactory rate of return. The evaluation is usually done at constant market pri
hsh flow statement format. It is the difference’between all revenues and expenditures at

evenues

flow statement sets out the revenues to be derived from an EnSP. These revenues can tg
I'ms. The easiest to identify. are the energy savings and non-energy savings from the En|

pings.

jue
ite

nd
red

ity, air quality, health) or negative (e.g. reduced lifetime, increased maintendnee, performaince

cts
cts

nd
ial
Ces
he

ke
SP.
bhn-

to
its

but

itieh of a price (e.g. carbon price) associated with an external cost can be considered in

he

sensitivity analysis.

7 Iden

tification and calculation of costs and cash flows

7.1 General

An economic and financial evaluation of an EnSP or EPIA involves three elements:

a) theidentification and estimation of costs related to the investment (financial approach);

b) the identification and estimation of all the benefits to be obtained from the investment (economic
approach);

10
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determine the appropriateness of the investment (evaluation and analysis).
7.2 Cost characteristics

7.2.1 General

:2019(E)

a comparison of the expensed costs with the energy savings benefits and non-energy benefits to

The main objectives of implementing the economic and financial evaluation for an EnSP can be

categorized as follows:

a) | collect and calculate the related costs and cash flows of equipment and installations;

b) | assess and calculate both direct and indirect costs, e.g. working capital, genesal and start-up
expenses, manufacturing costs;

c) | calculate the price of the energy utility as a function of the location: it is assumed that the EnSP is
working under the expected utility prices (e.g. fuel and electricity prices) ‘applicable to tHe location
of the EnSP during the project evaluation period, and under the present.condition of utility prices,
including inflation, especially regarding energy based on the locatien\

An| analysis of the results will provide a proper insight into the appropriateness of the EnfSP and an

economic prospective point of view. The nature of any energy supply contracts should be donsidered

when determining the potential energy cost savings. Any so-calléd “take or pay” contracts are especially
important as energy savings may not result in any energy cost.savings.

In prder to analyse an EnSP based on economic and finangial considerations, all costs should be defined

angl calculated.

When appraising the potential costs involved in\an EnSP, it is important to specify the type of cost,

indluding fixed, variable and total costs. The détermination and calculation of type and portipn of each

cost help evaluators to select appropriate indicators for the economic evaluation of an EnSF and help
stdkeholders to make decisions.

Thiere are two types of costs in a typical EnSP:

—| variable costs;

—| fixed costs.

The total investment pf'any project is therefore the sum of the fixed and variable costs.

ThE example given id Annex B illustrates how both fixed and variable costs can be combineld to make

th¢ total operating'cost.

7.2.2 Variable cost

The costs associated with the EnSP operation and the energy consumption reduction ghould be

ca ed—Inagene egorization,these cg e known “variable ntain two

«

subgroups called “general expenses” and “manufacturing costs”.

Variable costs should be assessed on an annual basis as a minimum. The best source of information for

estimating variable costs is use of past utility bills, market trends for energy sources and

applicable

data from similar projects. However, inflation and geographical location should be taken into account

while estimating the variable costs.
Variable costs may include:

a) directand indirect labour costs;
b) raw materials;

© IS0 2019 - All rights reserved
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c) utilities, including water and energy;
d) repairs and maintenance;

e) depreciation (in some conditions).

7.2.3 Fixed costs
Fixed costs can be divided into the following two groups.

a) Directcosts: Some costs are directly associated with the type of equipment and the way it performs
in thelEnSP. Costs that are mainly spent on purchasing the necessary equipment and its installatjon
are djrect costs. Expenses related to the foundation, the site preparation and the measurement
instryments are subsidiaries of this cost and are required for the preparation of each EnSP,

b) Indiré¢ct costs: Costs that are not directly associated with EnSP operations but sheuld be added
to the¢ fixed expenses overhead of the industrial plant are indirect costs. This.group inclugles
engingering supervisions and construction expenses. In addition to these costs, contingency cofts
shoulfl be taken into account, particularly during the construction and prepdration of the different
proje¢t phases. These costs can also be considered as indirect costs.

The different subgroups of direct and indirect costs are shown in Figure 3&In*an economic and finangial
evaluation of an EnSP, the information given in the figure is considered by both investors and evaluatqrs.

7.2.4 TItal capital investment

Prior to the implementation of an EnSP, there are multiple expénses that should be specified in orger
to purchase and implement the machinery, equipment and’services related to the EnSP. Generally,
the required capital to prepare and procure the required equipment is called the “fixed capital cogt”.
Similarly, |the required capital used in the units iscealled the “working capital” (e.g. a permanent
increase ih stocks). The sum of the fixed cost and theworking costs is commonly called the “total capital
investment”.

Figure 3 presents the methodology and typical groups of direct and indirect costs, which are used to
calculate the total capital investment.
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s s e Ml M s B s s e s e — — — — 1
I . .
! Direct costs l Indirect costs l : Working capital
1
| :
1 I
: A 4 :
1
1 — Equipment — Engineering and :
: — Installations supervision :
1 — Instrumentation and — Consultants |
: controls — Contractors fee :
! — Energy consumption — Construction 1
: — Transportation — Quality control '
: — Building costs — Insurance |
1 — Services — Start up expenses :
: — Design — Validation ]
1 — Facilities — Measuring :
X — Areaimprovement !
1 — Utilities 1
' — HSE :
1 — Land costs 1
X — Site preparation :
1
. :
L o o o o o LN 1
Fixed capital cost
\4
Tetal capital investment
Figure 3 — Methodology by which the total capital investment is calculated
7.3 Cash flows description

7.3
Th

.1 General

e revenues and annual expenses associated with an EnSP during the lifetime of invesfment are

represented as cash-flows. EnSP evaluators can increase the timing of cash flows and apply the time

va

De
cas

a)

ue of costs using cash flow diagrams.

single sum cash flows;

pending.on'the location of the EnSP, tax cash flows, depreciation, inflation and the interedt rate, the
h flows-of an EnSP are represented as one of the following types:

b)

Figure 4 presents a typical cash flow diagram with detailed cash flows.

©lI

series cash flows:

1) uniform series cash flows;

2) gradient and equivalence series cash flows;

3) series cash flows with time value of money factors.

SO 2019 - All rights reserved
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X
1000 1000
2000 2000 2000
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Key
X year
NOTE

— The EfsP initial cost (cash outflow) is $ 15 000.

— The EnSP has $ 1 000 annual maintenance costs (cash outflow)s

— The EnSP saves $ 4 500 annually in fuel costs (cash inflow):

— The EnSP has $ 1 000 more in replacement maintenangg-at the end of every 3 years (cash outflow).

— The EfSP has a $ 2 500 higher salvage value at the-end of 12 years.

Figure 4 — Typieal cash flow diagram of an EnSP

7.3.2 Ag¢counting for future cash flows

All the cdlculations in this ddcument should be done using inflation-adjusted currency values. The
adjustment should be perforied using accepted, specified and appropriate indices of inflation compiled
by a govellnment agency or®other sources determined to be reliable.

7.3.3 Rates of time’preference or comparison

All rates should be based on objectives, data from past experience, market interest rates or rates of
return at a regional or national level. They should also be based on the long-term average economic
performance, unless special circumstances render such long-term data unreliable or not predictive of
future performance. They should not be based on the organization’s internal history or preferences.

The discount rate may be adjusted for risk, but it should not be more than seven percentage points
higher than the long-term average rate of interest on ten-year government bonds of the appropriate
government(s).

The use of a minimum attractive rate of return (MARR) that is equal to the discount rate should
be considered. The MARR should be chosen based on measured rates of return on investments
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of comparable organizations. It may be based on observed long-term stock dividends and share
appreciation or other similar market data.

8

Analysis and assessment

8.1 Economic and financial indicators

8.1.1 General

Fr¢m an economic perspective, it is assumed that a project is undertaken if the total bene

the¢ cash inflow and outflows cannot be simply added or subtracted. This analysis is used to
idgntified EPIAs.

Th economic indicators that should be presented for the evaluation of an EnSP\are:

a) | present value (PV);

b) | net present value (NPV);

) | internal rate of return (IRR);

d)| payback period (PP);

e) | life cycle cost analysis (LCCA);

f) | profitability index (PI).

An|organization should examine the relevant indieators if the project is a retrofit or new proje
when an action plan for the EnSP is defined to‘¥eplace equipment, a system, facility or procg

an
wi

An|organization should use EFIs to evaluate whether an EnSP should be implemented. If two or i
arg¢ available, and available capital is limited, EFls should be used to rank the projects to take i

de

All indicators require an mferest rate to calculate their value. In the case of some indicato
PV| NPV and LCCA, a hurdle rate is chosen by the organization based on its cost of capital ay
inyolved in the EnSE:

Th
At

hlysis of a retrofit project, the existing energy performance of the organization should be
'h the new proposed situation using.the-appropriate energy performance indicators.

risions. Financial investment:decisions should also consider estimation uncertainty and risk,

e following conventions are used to arrive at the cash flows.

any givef point in time (¢ = 0, 1, 2... n), there can exist both revenue (positive) cash infloy

its exceed
the cost. For EnSPs, cost benefit analysis needs to consider the concept of time value of ﬁLoney, ie.

prioritize

cttypeor
ss. For an
compared

ore EnSPs
hvestment

s such as
d the risk

vs, R, and

cagh outflows, C..

ThF net'cash flow, 4,, is defined by Formula (1):
A =R -C

where

©lI

R, is the cash inflow over time;

)

C. is the cash outflow (at the beginning of and during the project; this can include an initial

investment).

SO 2019 - All rights reserved
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8.1.2 Presentvalue

The concept of present value, PV, as a measure of investment worth can be generalized as shown by

Formula (2):

n ,
PV=2 L A(PIF.LE) 2)
where
At ib t}ll:: llCt \,aoh f}UVV,

(P| EJ,t) isthe presentvalue factor and is read “to find P given F at i % for n years”;

is the interest rate, in %;

~

P is the amount of money at the beginning of the nth year;
F is the future amount of money at the end of the nth year;
t is time;

n is the lifetime of the system, in years.

The time yalue of money factor is summarized in Table 2.

Table 2 — Time value of money factor

Symbol Factor To find Given
(P|Fit) (1+0) P F
(F|Pit) (1+)t F P
E
(P | Ayit) arp—t P A
()t
. . t
(@A, | Pit) RGN A P
(1+i)-1
A\t
(F| Apit) a+iy-1 F A
i
i
(A1) —_— A F
: (1+i)-1

8.1.3 Net present value

If an organization has a time preference that can be expressed by a discount rate (r), it is indiffergnt
about receiving an amount of “X” from the beginning of an investment or an amount of X - (1 + r)"” in “n”
years since the investment started. Using this difference, an organization can convert all current and
future expenditures and receivables to the present situation and count them together. This is known as

the net present value, NPV, of the EnSP, which is defined by Formula (3):

NPV:Z?:O

where

-C

R, (3)
(1+r

t
t
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C, is the cash outflow (at the beginning of and during the project; this can include an initial

investment);
r isthe discount rate, in %;
t istime;
n isthe lifetime of the system, in years.
NOTE For an example of an NPV calculation, see Annex D.
8.1.4 Internal rate of return
Thie IRR is the compound rate of interest that, when used to discount the costsiand benefit,

period of analysis, makes costs equal to benefits when cash flows are reinvested-at the projeq

The IRR approach is designed to calculate a rate of return that is “internal*to the EnSP. That
if IRR > MARR, the EnSP is attractive;
if IRR < MARR, the EnSP is not attractive;

if the IRR is very close or equal to the value of the MARR then it is often helpful to evaluat
using another indicators.

Thps, if the MARR changes, new calculations are required.
NOTE1  The value of IRR is typically determined.through a trial and error process. An express
prgsent value of an investment is written without specifying a value for the interest rate, i. Various va

stituted until a value of i is found that sets the-NPV equal to zero. The value of i found in this way is

s over the
t's IRR.

S:

b the EnSP

ion for the
ues of i are
the IRR.

iterations
by the fact
hlue when
some cash
ression to
h outflow
> 0), then

a Yynique IRR exists..[f these conditions are not satisfied, a unique IRR is not guaranteed and caution

should be exercisedWhen making decisions based on the IRR.

NOTE 2  ForeXamples of IRR calculations, see Annex E.

8.1.5 Payback period

The simple payback period, SPP, of an investment is calculated by Formula (4):
Ci

SPP=—
t
C.

1

A

is the initial cost of the system;
is the net cash flow.

NOTE It is apparent that this indicator ignores the time value of money concept because no

(4)

time value

of money factors are included in the determination of the payback period. This implicitly assumes that the

applicable interest rate for converting future amounts to present amounts is zero.

© IS0 2019 - All rights reserved

17


https://standardsiso.com/api/?name=c39fe64349622777805f656686e6bdd0

ISO/TS 50044:2019(E)

8.1.5.2 Discounted payback period

The discounted payback period, DPP, indicator is used to calculate the length of time to recoup an
investment based on the investment’s discounted cash flows.

The DPP is calculated by Formula (5) when it is assumed that all cash flows are equal:

1
DPP=In| —— |+1]
n v - n(l+r) (5

1( 1

L ~CF7)

where

DPP |is the discounted payback period, in years;
is the initial cost of the system, in $;

r is the discount rate, in %;

CF [is the cash flow (sum of the cash inflow and outflow), in $.
When cash flows are uneven, the DPP is calculated by Formula (6):
C; —Cum PV(CF)

DPPH(N-1)+ 6
( ) PV(CF) ()
where
N is the year in which the cumulative present value of cash flows from investment

exceed the initial investment;

C.

; is the initial cost of the system, in $;

Cum PV(CF) is the cumulative present.value of the cash flows from investment at the end of the
year (N - 1);

PV(CH) is the present value'of the cash flow in year N.

NOTE For examples of paybaek'period calculations, see Annex C.

8.1.6 Life cycle costanalysis

LCCA calcplates thecost of a system or product over its entire life span, sometimes referred to as “craflle
to grave.”|Wheneenducting a life cycle cost analysis, all facets of an EnSP should be considered for their
merit, especially when the purpose is to compare multiple EnSP options using the same method to find
the overall best choice.

Life cycle cost, LCC, should be calculated for an EnSP using Formula (7):

n E XE n C_ . n A . C
LCC=C+y —B4y M, % b, (7)
~(L4r) L) A (Lt (L)

i i

where
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C, istheinitial cost of the system, in $;

C4 isthe cost (or net proceeds) of disposal;
E. isthe annual energy consumption;

E_ isthe energy price;

C,, Iisthe costof maintenance and repair;
A

isthe annualinvestment (fivnd and ‘IQFiQI’\IQ);

r  isthe discount rate, in %;
i is the interest rate, in %;

n  isthe lifetime of the system, in years.

While this method provides a definitive answer for the best choice based oh the complete and|repeating
lifg cycle costs of the equipment, system, facility or process, LCCA results may be considefed in the

context of an organization’s budget situation and the expected life ©f the plant, so as to b
choice of EnSPs with the lowest LCCA costs against funding constraints.

hlance the

For each EnSP, an LCCA study should include a consideration of-Costs for at least the following dategories:
de$ign, initial construction, energy and utilities, operations@nd maintenance, repairs, replacgment, and

salvage. Other relevant costs may also be included. All:identified costs are normalized to

@ point in

time, often the present value, in which case the lowest present value of the costs indicates the|preferred
alternative in the LCCA. To use this method, a point.if1 time should be identified when all sylstems are
at the end of their life at the same time. The life spans of systems and equipment are determihed based
on|equipment documentation and professional;experience, and are influenced by usage pafterns and
mdintenance. Where LCCA is used for an EnSP funded directly or indirectly by third partties, such
as|a government or utility companies (aS)part of a wider demand side management prggramme),
this subjectivity is often removed bysmandated tables that stipulate system life, mainterjance cost
asgumptions per year, etc. The remaining variables are first cost and utility cost, which ar¢ easier to
esfimate. Assumptions about the project life cycle should be retained as documented informgtion.

The LCCA approach can alse-be used with an additional summed term representing an ifnplied (or

actual) cost for externalities;-This is most commonly done to include an assumed cost of carb
NOTE1 For additionalinformation, see IEC 60300-3-3 and ISO 15663 (all parts).

NOTE 2  For an example of a LCCA, see Annex F.

8.1.7 Profitability index

Thi profitability index, PI, is the ratio of the present value of a future cash inflow, at the requi
retFlrn, to the initial cash outflow of an investment, as shown by Formula (8):

p1.

Fed rate of

I
t=1(1+i)
PV

Pl=

where
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A isthe net cash flow;

i istheinterest rate, in %;

t istime;

PV is the present value of the EnSP, which is the initial investment.

NOTE This indicator is a modified form of NPV.

8.2 Assgssmient

8.2.1 General

After calculating the EFIs of an EnSP, an assessment is required for the selection and papticipation of
each EnSE. The assessment presents the framework and defines the terms used in ‘determining the
economicfand financial results after implementing an EnSP.

In the asgessment stage, the EnSP evaluators specify the topics to be addressed in the assessment
procedurg for a specific EnSP. The process for creating the assessment procedure may be flexible, while
adhering [to the principals of accuracy, completeness, conservativeness; consistency, relevance gnd
transparency.

8.2.2 Sensitivity analysis

The final franking of alternatives significantly depends on the-weights attached to the main criteria.
Small chahges in the relative weights significantly impactthi€ final ranking. Since the relative weights
are generally based on professional judgements, the stahility of the ranking under the varying criteria
weights should be tested.

Sensitivity analysis should be used when determining the impact of a particular variable. By creatinig a
given set ¢f scenarios, evaluators can determine-how changes in one variable(s) will impact the objectjve
of an EnSP or EPIA. Sensitivity analysis also:ihdicates which variables have the greatest impact oh a
project, emabling evaluators to focus on thekey variables.

The impagt of assumptions should bejinvestigated by changing the input into the economic evaluatipn.
Investment and savings should pe-set at the limit of their accuracy and the economic evaluatjon
recalculated at these limits.

This analysis is done if needed’and according to the wishes of the organization or the stakeholder.
8.2.3 Uhcertainty:and risk assessment

8.2.3.1 [General

As economicC’and financial evaluation requires assumptions about future behaviour, an iterative riisk
analysis can be used to progressively reduce uncertainty, but a residual risk always remains. Therefore,
an economic and financial evaluation should include a consideration of uncertainty and risk assessment.

NOTE More detailed guidance on risk management can be found in ISO 31000, which provides a principles
framework and a process for managing risk. ISO Guide 73 provides a vocabulary. IEC 31010 focuses on risk
assessment concepts, processes and techniques.

8.2.3.2 Uncertainty and determination of the causes of risk

The uncertainty and the level of risk associated with an economic and financial evaluation can depend
on the quality of available data, stability of the scope, pricing assumptions and methods of calculation.
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In order to address uncertainty and reduce risks, the key issues and barriers to an economic and

fin

ancial evaluation should be understood. Issues that should be considered include:

confusion over the costs and energy price to be included/excluded (e.g. scope and/or elements of

the EnSP);
variety of indicators (e.g. NPV, PV, IRR, net savings);
transparency and robustness of the underlying assumptions and methods of calculation;

lack of information about detailed planning at the beginning of the EnSP;

Jud
the
ing

(0]
lor]

introduction of a new technology/products and prediction of the cycle of obsolescence;

costly energy savings certification/education programmes;

shortage of energy savings evaluators and professional education programmes.

the use of optimistic estimates (in order to justify the project);
the use of unattainable service lives;

impractical maintenance programmes and replacement{scheduling.

economic and financial evaluation, but which can be considered within the scope of th
lude:

the likelihood that required maintenance\levels can be achieved;
future users’ requirements (e.g. flexible space utilization, functional suitability);
changing user behaviour (e.g. intensity of use, vandalism).

her issues that can also cause\uncertainty in the results of an economic and financial evalu
g periods include:

general inflation rates;

fuel cost inflatien; which can be higher or lower than general inflation;
labour andmaterial costs;

exchange rates for imported goods or services;

changes in taxation (including energy or carbon taxes);

mmon misjudgements that can increase uncertainty of an economic and financial evaluatid

interface issues between capital costs and operating and maintenance costs up to the end of life;

n include:

gements about future activities/occurrences that areoutside the control of the person urtiertaking

analysis

ation over

overhead/profit and on-cost allowances;

changes in legislation (particularly with regard to health and safety and energy performance/

carbon emission targets).

Internal so-called “shadow pricing” of greenhouse gas emissions savings may be considered.

© IS0 2019 - All rights reserved
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8.3 Analysis

8.3.1 Energy data quality

An analysis of energy data can be used to calculate an energy baseline that establishes the relationship
between energy consumption and energy savings. For example, a manufacturing plant can calculate the
energy baseline from energy consumption data and production data for a given time period.

Analysis can give many insights into the reasons for variations in energy consumption and energy
efficiency. Graphs and statistics often raise questions that lead to further investigation, resulting in a

more in-d
thatcane

The quali

type and oundaries of the EnSP, type of equipment and facilities, and the kind of energy densumed.

NOTE
ISO 50047.

Fpth and accurate understanding of the energy consumption and energy savings oppor tuniy
kist within an organization.

'y of data depends on the objectives of the EnSP, data sources, methods of data,estimati

For additional information related to energy savings calculation methods, see~ISO 50046 :

832 S

8.3.2.1

Social cos
view of s

Organizatfions may wish to consider the social costs and benéfits that affect their objectives, such as

social lice
to govern

An SCBA
well as ot

a) socia
b) non-

To perfor

adjustments, such as the following.

— Corre
impag
comp
and e

— Non-d
simul

cial cost benefit analysis

eneral

benefit analysis (SCBA) is a methodology for evaluatinginvestment EnSPs from the poin
iety.

ce to operate, or that are needed to satisfy their'stakeholders. An SCBA can also be relev

ents and local authorities for evaluating majar energy-related investments.

ssesses the opportunities of an EnSP by considering the benefits compared to the costs
er economic aspects such as:

and environmental costs (extermalities);
ergy costs and benefits.

an SCBA, it is necessaryto use the cash flows of financial analysis and make a number

ctions for external effects: It is possible that the implementation of an EnSP has exter
ts that affect{ib positively or negatively. These external effects occur without monets
bnsation and'€herefore they are not taken into account in the SCBA process. They are assess
yaluateddn the economic analysis.

nergycosts and benefits: This includes all actions that can have economic side effe
Laneously with EnSPs. If the investment in an EnSP has additional effects, e.g. for productiv

1€S

on,

ind

of

he
hnt

as

of

nal

ATy
ed

cts

these

8.3.2.2
The SCBA

AP 1 111 A | q s 41 ] 4o
ITSUILS SITUUIU DT CULISITUTITU 111 LIIT TVdIUudUIUlL.

Steps of SCBA

process for an EnSP involves the steps presented in a) to g).

a) Transforming market prices into accounting prices: There are situations where market prices are
set by governments and do not reflect the social opportunity costs of inputs and outputs. This stage
should take into account, in particular, the following aspects:

1) distortion of shadow prices (shadow wage);
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2) fiscal corrections.

Distortion of shadow prices: In some EnSP investments, the labour factor has an essential
contribution. Theoretically, wages reflect the social value of working time and effort, i.e. marginal
value to society. In practice, there can be some distortions. Wages can be an indicator of the
distorted social opportunity cost of labour because the labour market is imperfect or because
there are macroeconomic imbalances (high and persistent unemployment). In the primary EnSP
investment, a very careful analysis of the impact on employment should be made because:

1) itis important to check the loss of jobs in other sectors as a result of the EnSP; gross benefits of
emplovment can overestimate the netimpact:
) v/ ) g 7
2) there are situations in which an investment project can lead to the preservation. of jobs that
otherwise would have been lost.
Fiscal corrections: In the SCBA there are some items that can be regarded‘as trangfers from
one economic agent to another, without any economic impact. For example, a subsidy] from the
government for an investor is a pure transfer that does not create an econemic value while being a
benefit to the recipient. In order to correct these distortions, a set of rules'should be applied, such as:
1) all input and output prices should not contain VAT and otherdndirect taxes;
NOTE Taxes are paid by consumers to the project, the project pays taxes to the governmpnt and the
government redistributes the money to consumers in the form of public spending. The pricefs of inputs,
including labour, include direct taxes, e.g. an employee receives a wage from which taxes are deducted

and the tax is used by the government for public services.

2)
not be taken into account when calculatingincome in the SCBA.

Valuation of non-economic impacts: At this stage, the assessment of relevant impa
project to society, and of the impacts that'do not have an available market value, should
These potential impacts should be identified, evaluated and given a realistic monetary
environmental projects, non-econemic impacts can be landscape and noise. For land
impact assessment can be dong-using a model that provides estimates of the willingness
certain characteristics of the area (i.e. a environmental landscape feature model). For
assessment involves a sensitivity analysis for changes in real estate prices due to noise (
sensitivity index).

Including additional'indirect effects: These indirect effects can be positive or negative
on the distortion“and elasticity of goods in the secondary market. The indirect effects

subsidies granted by the government for the project developer are pure transfers and should

cts of the
be made.
y value. In
scape, the
to pay for
noise, the
.e. a noise

lepending
should be

taken into account in the analysis only when the size of the distortion is sufficiently relevant and

measurable; In’ general, a good use of shadow prices and a good monetization of extern
usually sufficient to account for indirect effects.

Updating the estimated costs and benefits: The costs and benefits that occur at differer
the investment should be updated. In the SCBA, the discount rate is called the “social disc
This rate reflects the social vision of how future benefits and costs should be evaluate

alities are

t times of
bunt rate”.
| from the

present. The social discount rate can be different from the financial discount rate when the stock
market is inefficient.

Calculation of economic and financial performance indicators: In the SCBA, after correcting the
distortion of prices/wages and choosing a social discount rate, it is necessary to calculate a series
of EFIs. The indicators used in the SCBA are typically:

1) netpresentvalue (NPV),i.e.the difference between the discounted total social benefits and costs;
2) internal rate of return (IRR);
3) payback period (PP);

4) life cycle costs (LCC);
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5) profitability index (PI).
8.4 Decision-making

8.4.1 General

A detailed investigation phase determines the feasibility of each EnSP and provides decision-makers
with the information they need to make a final investment decision. Further analysis is often required
before a decision is made on what EnSPs to implement. This can require an investment in equipment

to improve_measurement accuracy or in time spent collecting more data. Other factors that may

be

consideref in this evaluation are:

a) shutdpwns or downtime required to implement the change;

b) changes in production output;

c) changesin other process inputs, such as water or raw materials;

d) changes in maintenance costs;

e) hardware changes that make spare parts inventories obsolete;

f) costsjof hardware or structural modifications required to match existing and new equipment;
g) busingss plans or forecasts that affect the lifetime or throughput'of the process being changed;
h) costs|of training or new skills that can be required;

i) a comprehensive and detailed analysis that builds confidence in the findings among the proj
team pnd senior management.

The EFIs falculated in accordance with 8.1 can bé-used to determine which EnSPs will provide
highest added value to the organization.

Depending on the values obtained by the EFIs, EnSPs can be approved or rejected.

8.4.2 Selection of an EnSP based on'indicators
The selectlion of an EnSP based on.EFIs can be made as follows.

a) Present value (PV) is an‘ifidicator that may not be used alone to justify the EnSP and may be us;
in conjunction with other indicators. If this indicator is used and if PV = 0, then the investmen
attraqtive. However, it is recommended to use NPV, see b).

b) Net present value (NPV) determines the current value of the discounted net cash flows from
investment based on the organization’s required rate of return. It takes into account the equipm
life, risk.of the investment and when the energy savings will be delivered.

ect

he

ed
[ is

an
ent

NOTE T NPVISSImpie to calculate using tie NPV formuia or a spreadsieet NPV function.

If the sum of the present value of the expected annual savings is greater than the initial investment,
the NPV of the project will be positive and may be undertaken. The risk of the project is taken into

account by selecting an appropriate discount (hurdle) rate for the investment.

As a general rule, an investment project with an economic rate of return lower than the discount
rate or with a negative economic NPV should be rejected unless it has another strategic value to the

business or meets other objectives of the organization.

The NPV may need to be supplemented by other approaches for long-term investments, such as
analysis of long-term cash flows, because the NPV of cash flows becomes very low beyond 10

an
to

20 years, depending on the discount rate. This can be problematic if a project does not earn money
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in its early years. Organizations may choose to use lower discount rates when determining NPVs

for a long-term investment.

Internal rate of return (IRR) follows the same reasoning as NPV, see b). The main difference is that,

rather than choosing a discount rate which is based on the risk of the project, this met

hod relies

on an iterative solution to determine which discount rate will cause the NPV of the project to equal
zero. IRR is calculated by trial and error by varying the discount rate in the NPV formula until the

NPV is equal to 0.

If the IRR is unique and IRR = MARR, then the investment is attractive.

NOTE 2 Depending upon the cash flow, multiple IRRs can exist. If the cash flow consistsyo
investment (net negative cash flow) followed by future non-negative cash flows, then a unique.JR

If the EnSP has a single initial investment at t = 0 and savings that are represerited 3
uniform series over the life of the project, then an alternate method can be-used to cal
IRR. The alternate method involves calculating the ratio C;/A,, where (represents
investment and A, represents the uniform annual savings. The interest tables are then se
a value of i % such that (C; | A, I, n) = C;/A,. For projects with the cash flow pattern descril
the ratio of C;/A, is equal to the value of the payback period.

Payback period (PP), either simple payback period (SPP) or discounted payback perioc
used for the comparison and prioritization of more than one EnSP. The EnSP that has the
payback period is attractive. When organizations use this{dndicator for only evaluating
the attractive period of time to return investment shouldbe defined.

NOTE 3 Insome documents, simple payback period camrbe useful to identify which EnSP is to h
more carefully.

Life cycle cost analysis (LCCA) is a method\for assessing the total cost of facility ow
takes into account all the costs of acquiring, owning and disposing of an EnSP. LCCA is
useful when project alternatives fulfilling the same performance requirements but diffé
respect to initial costs and operating-costs have to be compared in order to select th
maximizes net savings. When comparing two EnSPs, the EnSP that has the lower life cy
more attractive.

Profitability index (PI) istwseful when comparing alternative EnSPs that have sig
different initial costs. It@ises a present value calculation. If PI > 1, the NPV is positive and
is accepted. If P = 1, the) NPV is zero and the investment earns a rate of return equal to th
rate. If PI < 1, the EASP is rejected.

Reporting
ke report of.the economic and financial evaluation process for an EnSP should include:

thescope and boundary of the EnSP;

f an initial
R exists.

s a single
culate the
the initial
hrched for
bed above,

| (DPP), is
minimum
one EnSP,

e analysed

hership. It
especially
bring with
b one that
cle cost is

nificantly
| the EnSP
b discount

the type and any technical information related to the project;

the method used for the calculation of energy savings;
the currency and condition of the investment;
calculated EFIs;

the result of the assessment and analysis;

the relative proportions of the risks identified that can be attributed to the various factors in the

evaluation;
the priority of project, if required;

areference to this document, i.e. ISO/TS 50044.
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Annex A
(informative)

Energy savings calculation steps

A.1 Gemerat

The proce

A2 Ste

In order t

p 1: Defining an EnSP

b select an appropriate savings estimation approach, an EnSP should be defined. Defining

EnSP inclddes identifying:

a) the ey
b) the pi
c) theeq
d) them|
e) thech
f) the py

A.3 Ste

An energy

A.4 Ste

The equip

isting equipment, its operation, age, performance characteristicssand load profile;
oposed measure and its impact on equipment performance, operation and/or load;
uipment and load boundaries, which establish the scope{ofithe equipment;

Qjor parameters on equipment performance and load;

aracteristics of equipment operation and load: eénstant or varying;

oject installation type (see A.5) and the loadtype (existing/new/added load).

p 2: Selecting an appropriate éstimating method

savings estimation method should be selected for the EnSP based on the data quality.

p 3: Establishing equipment useful life values

ment useful life values should be established to determine the EnSP baselines and c

effectivenjess.

A.5 Ste

In order t
four differ

p 4: Establishing an EnSP type

properly determine the baseline parameters, an EnSP type should be established. There
ent'EnSP types in the customized programme: replace on burnout, retrofit early retireme

5s of establishing energy savings estimates can be divided into the steps presented in A2 to 4.7

he

pst

pre
nt,

retrofit ad

d-en and new construction/new load, as explained in Table A.1

Table A.1 — Project type summary descriptions

Project type Project description

Replace on burnout Existing equipment has less than one year of remaining useful life2

Retrofit early retirement  |Existing equipment is fully functional and has more than one year

of remaining useful life

Retrofit add-on Control is added to existing fully functional equipment

New construction/new load | Installation of new equipment to service a new or added load

a

was installed (based on the fully commissioned date).

The remaining useful life is the effective useful life minus the number of years since the equipment
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A.6 Step 5: Establishing an annual energy baseline

An annual energy baseline should be established based on the operation of existing equipment, but
assuming minimum-standard efficiency equipment, which includes state-mandated codes, federal-
mandated codes, industry-accepted performance standards or other baseline energy performance
standards as determined by the organization.

A shorter period than a year can be appropriate when the operating and load profile of the equipment
can be adequately represented.

A. Step 6: Calculating the energy savings

For the retrofit of existing equipment/systems capacity equipment when baseline or'post-ijstallation
production levels are different (i.e. the equipment load is higher or lower), the annual energy savings
ar¢ calculated by assuming the post-installation production.

© IS0 2019 - All rights reserved 27
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Example of cost characteristics

The capital cost of a diesel generation set is $ 900 000, the annual output is 219 MWh and the
maintenafice cost1s $ 30 00U per annum. The cost of producing each unit of electricity 1s 0,350 $/KWh.
The life of the diesel generator is 5 years. The total cost is calculated as shown in Table B.1.

Table B.1 — Cost of a diesel generation set

Item Type of cost Calculation Cost
$
Capital cost of generator Capital employed — 900 000
Annual mgintenance Fixed 30 000 x 5 (years) 150 000
Fuel cost Variable 219000 x 0,350 x 5 383 250
Operating|cost 533250
Total cost 1433250

From the jexample, it can be seen that the fixed costs represent)28,13 % of the operating cost. In fact,
the annual electricity output of 219 MWh assumes that the plant is operating with an average output of
26,32 KW|based on 8 322 hours of operation during a yeais.Jf this output was increased to an averagg of
70 kW, th¢ annual fuel cost would become $ 201 889 with the result that the fixed costs would drop to
12,83 % of the operating cost.

Thus, the pverage unit cost of production decreases as output increases.
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Annex C
(informative)

Examples of payback period calculation

C.1
C.1.1 General

The simple payback period is the simplest technique that can be used to apprajse”an EnSP.
onfe the payback period has ended, all the project capital costs will have béen recoupe
adlitional cost savings achieved can be seen as a clear profit. Obviously, the shorter the paybg
the¢ more attractive the project becomes. The length of the maximumApermissible payba
generally varies with the business culture concerned, the life cycle of the equipment and thg
value of the project to the organization. In some organizations, a payback period of more t
years is acceptable.

C.1.2 Example

A new small cogeneration plant installation is expected:te reduce a company’s annual enel

$4
op
Fol

wh

C.]

C.7

Stmpie payback pertod

8 600. If the capital cost of the new boiler installation“is $ 222 000 and the annual mainte
brating costs are $ 4 200, the expected paybackcperiod, PP, for the project can be calculs

'mula (C.1):
C.

PP=—1

4

PP =222 000 / (48 600 - 4 200)-=5,0 years

ere

C; istheinitial costof the system;

i

A, s the net cash flow.

2 Discounted payback period

.1< General

In theory,
1 and any
ck period,
ck period
b strategic
han three

gy bill by
hance and
ited using

(C.1)

Th

disctoumntedpayback period s usedto evatuate thetime period reeded foram EnSP—t

enough profit to recoup the initial investment.

C.2.2 Example

0 bring in

An initial investment of $ 50 000 is expected to generate $ 10 000 per year for 8 years. If the discount
rate is 11 %, the discounted payback period of the investment is calculated using either a) or b).

©lI
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a)

b)

Solution 1: The discounted payback period, DPP, is calculated using Formula (C.2):

DPP=In o +In(1+r) (C.2)

where

C.

1

is the initial cost of the system ($ 50 000);

CF is the cash flow ($ 10 000);

r| isthe discountrate (11 %).

Thergfore: DPP = 7,65 years

Solution 2: The discounted payback period is calculated using Formula (C.3):
DPP =|a + (b/c) a.3)

wherg

a| isthe last period with a negative discounted cumulative\cash flow;
b| isthe absolute value of the discounted cumulative cash flow at the end of period g;

c| isthe discounted cash flow during the period:after period a.

NOTE c is the sum of the absolute value (modulus) of the'discounted cash flow during period a and the cash

flow in the|period immediately after period a when the cumulative discounted cash flow becomes positive.

The dpta for a practical project are given in.Tdble C.1.

Table-C.1 — Data collection

Year Cash flow Present value factor Discounted cash flow Cumulative discounted
n CF PV = 1/(1+r)" (CF x PV) cash flow
0 50000 1 50 000 50000
1 10 000 09 9009,01 40990,99
2 10 000 0,81 8 116,22 32 874,77
3 10 000 0,73 7 311,91 25562,85
4 10 000 0,66 6 587,31 18 975,54
5 10000 0,59 5934,51 13 041,03
6 10 000 0,53 5346,41 7 694,62
7 10 000 0,48 4 816,58 2 878,04
8 10 000 0,43 4 339,26 -1461,23

30

The last period with a negative discounted cumulative cash flow (a) = 7.

The absolute value of the discounted cumulative cash flow at the end of the period a (b) = 2 878,04.
The discounted cash flow during the period after period a (c) = 2 878,04 + 1 461,23 = 4 339,26.
Therefore: DPP =a + (b/c) =7 + (2 878,04 / 4 339,26) = 7,66 years
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D.t—Generat

NHV is one of the preferred indicators for evaluating an EnSP. This indicator gives usef.a “y4
for] the investment decision. It takes into account the equipment life, risk of the investment

S" Or HnO"
and when

the¢ energy savings will be delivered. It is simple to calculate using the NPV formula or a spreadsheet

NBV function.

If the sum of the present values of the estimated energy savings is greater than the init
inyestment, the NPV of the EnSP will be positive and may be undertaken\if\it meets the busir

of the organization.

al energy
ess needs

D.p Example
There are two EnSPs with specified capital costs and netsavings, as given in Table D.1. The annual
didcount rate for each EnSP is 8 %. The NPV indicator shows which projects should be acceptgd.
Table D.1 — EnSPs financial data
EnSP 1 EnSP 2
Capital cost ($) 30000 30000
Year Net annual saving ($) Net annual saving (%)
1 +6 000 +6 600
2 +6 000 +6 600
3 +6 000 +6 300
4 +6 000 +6 300
5 +6 000 +6 000
6 +6 000 +6 000
7 +6 000 +5700
8 +6 000 +5700
9 +6 000 +5400
10 +6 000 +5400
Total net saving at end of year 10 +60 000 +60 000

© IS0 2019 - All rights reserved
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The annual cash flows are multiplied by the annual discount factors with a discount rate of 8 % to
determine the annual present values, as shown in Table D.2.

Table D.2 — NPV calculation

EnSP 1 EnSP 2
Year Discount factor Net annE1$a;l saving PreseE1$t) value | Net ann&e;l saving PreseEl$t) value
for 8 %
@ (b) (a x b) (© (axc)
0 1,000 -30000 -30000 -30000 -30 000
1 0,926 +6 000 +5556 +6 600 +6 @11
2 0,857 +6 000 +5 142 +6 600 #5'656
3 0,794 +6 000 +4 765 +6 300 +5002
4 0,735 +6 000 +4 410 +6 300 +4 630
5 0,681 +6 000 +4 086 +6 000 +4 086
6 0,630 +6 000 +3 780 +6 000 +3 780
7 0,583 +6 000 +3498 +5.700 +3323
8 0,540 +6 000 +3 240 +5 700 +3078
9 0,500 +6 000 +3000 +5400 +2 700
10 0,463 +6 000 +2 778 +5400 +2 500
NPV 1 = +10 254 NPV 2 = +10 867
NOTE The discount factor, DF, is based on an assumed discountTate, i.e. cost of capital, and can be determined

using the fprmula:

DF = ([L +i/100)™"

It can be

Therefore

EnSP 2 is the preferred preject.

seen that over a 10-year life span the NPV 1 for EnSP 1 is $ 10 254 while for EnSP 2 it is
$10 867,90.
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