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Topic

Duration 

(hours)

Interactio

n

Break 

duration

Start 

Time

End 

Time

DAY 2

Review Day 1 10 10:00 10:10
Certification and Accreditation 20 10:10 10:30

Non-energy benefits (co-benefits) 20 30 10:30 11:20

Break 15 11:20 11:35

Force Field Analysis Exercise 10 30 11:35 12:15

Energy Performance Measurement and 

Indicators (EnPMI) - delusions and barriers

30 30 12:15

13:15

Lunch 60 13:15 14:15

UNIDO tools 30 14:15 14:45

Examples of good practice 20 14:45 15:05

What is performance improvement and how can 

it be demonstrated and audited?

25 15 15:05

15:45

Break 15 15:45 16:00

Case study 2 - Mutua Madrilena 20 16:00 16:20

Review and emphasise the key concepts 5 15 16:20
16:40

Next Steps and closure 5 15 16:40 17:00

TOTAL 3.1 2.4 1.5 7.0 
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Conformity assessment

ÅDemonstrate that the EnMS conforms with the requirements 
(shalls)

ÅSelf Declaration of conformity

ÅThird party assessment

ÅAccredited or not

ÅFailure to demonstrate energy performance improvement is a 
major non-conformity (ISO 50003)
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Certification process

ÅQuotation 

ÅCalculation of audit days

ÅStage 1 audit to check if EnMS is ready for full audit

ÅOff-site document review

ÅStage 2 audit

ÅPositive Findings

ÅNon-conformities; minor and major

ÅRecommendation for certification

ÅAward of certificate
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Certification audit

ÅAudit plan

ÅAgenda for the day(s)

ÅOpening meeting

ÅAudit according to the plan

ÅClosing meeting

ÅFindings

ÅAgree follow up

ÅAudit report
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How to assess performance improvement

ÅIdeally EnBs and EnPIs

ÅFor the whole facility

ÅFor each SEU if data available

ÅResults of action plan items

ÅVerified savings achieved

ÅResults of other EnMS activities

ÅTraining

ÅDesign

ÅProcurement

ÅEtc.
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Accreditation

ÅRelevant Standards 

ÅISO 50003:2014 EnMS ïrequirements for bodies providing audit and 

certification of EnMSs

ÅISO 17021:2015 Conformity assessment

ÅAccreditation body witnesses certification body doing 
certification audit

ÅOffice Audit

ÅReview documents and records related to certification audits
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There is more to EnMS than ENERGY 
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What are NEBs ?  
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How can they be assessed?

ÅUse the values from research = energy saving X 2.5

ÅQuestionnaire

ÅCalculation 
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How can they be assessed ? 

ÅQuestionnaire

ÅChange, with positive value

ÅChange, with negative value

ÅChange, donôt know value  
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How can they be assessed ? 

ÅCalculation

ÅIdentify and describe the benefits associated 

with a given measure

ÅQuantify the impacts 

ÅConvert the impacts into money 

https://www.facebook.com/UNIDO.HQ
http://www.twitter.com/UNIDO
https://www.youtube.com/user/UNIDObeta
https://www.instagram.com/unido_newsroom/
https://www.flickr.com/photos/unido
http://www.unido.org/
https://www.linkedin.com/


15

NEB in the ESO List 
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Production of liquid gases

ÅIf the temperature of the cooling water goes up, it 
increases the energy consumption in the production of 
liquid gasses.

ÅSystematic metering introduced in connection with the 
implementation of EnMS, indicated rising temp over 
time, due to fouling of the heat exchanger.

ÅIn spite of chemical treatment of the cooling water.

ÅSpecial investigation pointed towards an ozone unit 
together with a sand filter

ÅResult: temp decreased with 1-2 degrees
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Production liquid gases

ÅSavings -energy:

Å153.000 kWh/year or 12.000 US dollar

ÅPayback 3.6 years

ÅNEBs

ÅChemicals 50.000 US dollar/year

ÅCorrosion inhibiter 12.000 US dollar/year

ÅReduced corrosion 20.000 US dollar/year

ÅReduced labour cost                        not calculated

ÅReduced down time                         not calculated

ÅReduced environmental influence   not calculated

ÅBetter working environment             not calculated

Payback less than half a year 
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So what do we achieve besides saving 
electricity, if we go from halogen to LED in a 
shop?
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NEBs of LED lights

ÅReduced maintenance LED life 25000 hours,  halogen 1000 hours 

ÅReduced procurement and installation cost 

ÅReduced aircon

ÅLess heat from LED, less aircon,  that leads to less energy 

consumed by aircon, less time for aircon means less 

maintenance and extended life of aircon

ÅLEDs does not change colour of cloth, that means less cloth has to 
be put on sale

ÅLEDs reduce fire risk 

ÅLEDs do not give off heat: maybe people stay longer, shop more J

ÅLEDs gives shop green image  
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Discussion

ÅWhat NEBs are there for the following:

1. Steam trap management program 

2. Improved steam insulation in a boiler house 

3. Implement a leak repair program for compressed 

air

4. Improve building insulation (envelope)

5. Use of automatic lighting control systems

6. Use of solar shading on buildings 
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NEB assessment process

Steam 

audit 
Steam trap 

managemen

t

Saving possibilities
Energy 

Maintenanc

e

Etc

H and 

Safety

Productivity

Quality

One by one the NEB are 

discussed 

with the responsible 

department, 

for maintenance as an example 

you 

ask the maintenance people 

what 

what will steam trap 

maintenance

lead to:

- reduced make up water

- chemical procurement 

- better steam quality 

- etc

For each of the benefits you will 

discuss

If it is possible to put monetary 

value on

the benefit or not, if yes, 

calculate, it if not 

asses whether the benefit is 

positive or 

not  
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See you in 15 minutes!
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Force field analysis (Lewin, 1951)

Energy 

Performance

Opportunity

(EnMS 

System)

Significant Improvement potential

Low investment

Good Training

Energy Cost Increase

Knowledge of plant

It is working OK Now

We have no money for

Investment

What improvement Potential?
CSR

I haven't time for this FAD?
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Discussion

ÅBreak into groups

1. Improving energy efficiency in Georgian industry

2. Improving energy efficiency in Georgian public sector

3. Status of management practices in Georgia
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"How many managers have been told by their 
staff that bad coal consumption was due to low 

output? 

How is it possible for them to judge whether this 
is an excuse or a reason?ò

27

These are the opening words from a fuel efficiency bulletin, published in 1943 by the 

Ministry of Fuel and Power, which criticises the "ton of coal per ton of output" metric as a 

misleading indicator of fuel efficiency.

The author was Oliver Lyle, managing director of the eponymous sugar refinery, a very 

knowledgeable and eminent engineer who had no time whatever for the Specific Energy 

Ratio. Any works engineer today will know that SERs vary continuously for reasons 

nothing to do with energy efficiency.
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VARIATION IN 

CONSUMPTION

ANALYSIS AND 

MONITORING

BEHAVIOUR

EFFICIENCY 

INVESTMENT

DRIVING 

FACTORS

STRUCTURAL 

CHANGE 

RENEWABLE 

SOURCES?
OPERATIONS

Causes of variation in consumption
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Energy per unit of production

Car assembly industry
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Different purposes 
and views

30

MWh per year

-17%

kWh/hl

+3%

Actual 

MWh

-10%

Brewing industry
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Energy Baseline
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!

Actual value

Source: Adapted from ISO 50006

Basic terminology

ÅEnergy performance indicator

ÅEnergy Baseline

ÅEnergy Target

ÅEnergy Improvement

ÅActual value
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ñShallsò (from ISO 50001)

32

ÅRelevant variables

ÅCurrent energy performance

ÅEnergy Baselines

ÅEnergy Performance Indicators

ÅActual v expected

ÅMonitoring performance

ÅTargets
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Energy performance indicators

33

EnPI type Example Problems

Measured energy value Annualised 

consumption

Misleading results

Does not use variables

Ratio kWh per unit Misleading results

Does not account for baseload

Only one variable

Regression Y=mX+C

X: variable value

C: baseload

Complex

Uncertainty

Must be maintained and adjusted

Engineering model Energy simulation Complex

Must be maintained and adjusted

Source: ISO 50006
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Energy performance indicators: Criteria

ÅOnly responds to changes in energy performance

ÅUnaffected by weather, production outputs or other 

relevant variables

ÅDirection and magnitude of change consistent with 

change of performance

34
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SEC: Up and down

35

Drink industry
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Production

ÅWhen production goes UP, SEC goes DOWN

ÅWhen production goes DOWN, SEC goes UP
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Variable

kWh

Using SEC shows 

not only non-precise results (YELLOW) 

but usually contrary results (RED)

REGRESSION 

TREND

SEC: kWh / UNIT

baseload

baseload

Regression vs SEC
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Is it easy to show improvement?

37
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What is energy performance improvement?

ÅReduced EnPIs

ÅVerification of action plan items

ÅAwareness

ÅLegal requirement (SEC)

ÅCritical Operating Parameters
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Basic terminology
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Energy Baseline

Energy Target

Target  

Achieved !

Actual value

Source: Adapted from ISO 50006

VEnergy performance indicator (EnPI)

VEnergy Baseline (EnB)

VEnergy Target

VEnergy Improvement
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Energy performance indicators

EnPI type Example Problems

Measured energy value Annualised

consumption

Misleading results

Do not use variables

Do not measure energy efficiency

Ratio kWh per unit Misleading results

Does not account for baseload

and non-linear effects

Regression Y=mX+C

X: variable value

C: baseload

Complex if it is not linear

Uncertainty

Must be maintained and adjusted

Engineering model Energy simulation Complex

Expensive

Must be maintained and adjusted

Source: ISO 50006

https://www.facebook.com/UNIDO.HQ
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EnPI & EnB

EnB: Expected consumption = 1163449.22+(517.27*CDD5)+(1594.81*Cured)

EnPI: A comparison of baseline (expected consumption) and actual 

consumption 
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Different views, same story  

Baseline

Drinks industry (12 variables)
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Different views, same story  

Baseline

Drinks industry (12 variables)

https://www.facebook.com/UNIDO.HQ
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Different views, same story  

Baseline

Drinks industry (12 variables)

Accumulative difference between actual and expected 

consumption. It is typically used for monitoring change 

detection and taking corrective action.
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Data from 2011 used to develop the 

expected consumption formula

Monitoring Performance

Expected consumption = 116344.22+(517.27*CDD5)+(1594.81*Cured)

https://www.facebook.com/UNIDO.HQ
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https://www.youtube.com/user/UNIDObeta
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Actual consumption in 2012

Monitoring Performance

Expected consumption = 116344.22+(517.27*CDD5)+(1594.81*Cured)

https://www.facebook.com/UNIDO.HQ
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Monitoring Performance

Expected consumption is the  

BASELINE. It is the consumption that 

we should have if the performance is 

the same as last year, based on the 

relevant variables

Expected consumption = 116344.22+(517.27*CDD5)+(1594.81*Cured)

https://www.facebook.com/UNIDO.HQ
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Monitoring Performance

The actual savings are 

the difference between 

actual consumption 

and expected 

consumption

For example, in 

January we saved 

26682 kWh

Expected consumption = 116344.22+(517.27*CDD5)+(1594.81*Cured)

https://www.facebook.com/UNIDO.HQ
http://www.twitter.com/UNIDO
https://www.youtube.com/user/UNIDObeta
https://www.instagram.com/unido_newsroom/
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Monitoring Performance

The actual savings CUSUM are the 

cumulative savings from the 

beginning

For example, from January to June 

we saved 198320 kWh

Expected consumption = 116344.22+(517.27*CDD5)+(1594.81*Cured)
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Monitoring Performance

The target consumption is the 

consumption we want to have. 

For example, the target here is to 

save 2.5%

Expected consumption = 116344.22+(517.27*CDD5)+(1594.81*Cured)

https://www.facebook.com/UNIDO.HQ
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https://www.youtube.com/user/UNIDObeta
https://www.instagram.com/unido_newsroom/
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Monitoring Performance

We can also compare our consumption with the 

target.

For example, from January to May the target 

savings were 227890 kWh and we have saved 

198320 kWh, so it is less than the target.

Expected consumption = 116344.22+(517.27*CDD5)+(1594.81*Cured)

https://www.facebook.com/UNIDO.HQ
http://www.twitter.com/UNIDO
https://www.youtube.com/user/UNIDObeta
https://www.instagram.com/unido_newsroom/
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Monitoring Performance

Expected consumption = 116344.22+(517.27*CDD5)+(1594.81*Cured)
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Exercise

ÅConsider a family car

ÅWhat are the relevant variables affecting fuel 

consumption?

ÅWhich are practical to measure and monitor?

ÅWhich are economical to measure and 

monitor?

https://www.facebook.com/UNIDO.HQ
http://www.twitter.com/UNIDO
https://www.youtube.com/user/UNIDObeta
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See you in 1 hour!
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Topic

Duration 

(hours)

Interactio

n

Break 

duration

Start 

Time

End 

Time

DAY 2

Review Day 1 10 10:00 10:10

Certification and Accreditation 20 10:10 10:30

Non-energy benefits (co-benefits) 20 30 10:30 11:20

Break 15 11:20 11:35

Force Field Analysis Exercise 10 30 11:35 12:15

Energy Performance Measurement and 

Indicators (EnPMI) - delusions and barriers

30 30 12:15

13:15

Lunch 60 13:15 14:15

UNIDO tools 30 14:15 14:45
Examples of good practice 20 14:45 15:05

What is performance improvement and how can 

it be demonstrated and audited?

25 15 15:05

15:45

Break 15 15:45 16:00

Case study 2 - Mutua Madrilena 20 16:00 16:20

Review and emphasise the key concepts 5 15 16:20 16:40

Next Steps and closure 5 15 16:40 17:00

TOTAL 3.1 2.4 1.5 7.0 

https://www.facebook.com/UNIDO.HQ
http://www.twitter.com/UNIDO
https://www.youtube.com/user/UNIDObeta
https://www.instagram.com/unido_newsroom/
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UNIDO EnMS tools
Open the excel file UNIDO EnMS tools

https://www.facebook.com/UNIDO.HQ
http://www.twitter.com/UNIDO
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https://www.linkedin.com/


58

Topic

Duration 

(hours)

Interactio

n

Break 

duration

Start 

Time

End 

Time

DAY 2

Review Day 1 10 10:00 10:10

Certification and Accreditation 20 10:10 10:30

Non-energy benefits (co-benefits) 20 30 10:30 11:20

Break 15 11:20 11:35

Force Field Analysis Exercise 10 30 11:35 12:15

Energy Performance Measurement and 

Indicators (EnPMI) - delusions and barriers

30 30 12:15

13:15

Lunch 60 13:15 14:15

UNIDO tools 30 14:15 14:45
Examples of good practice 20 14:45 15:05

What is performance improvement and how can 

it be demonstrated and audited?

25 15 15:05

15:45

Break 15 15:45 16:00

Case study 2 - Mutua Madrilena 20 16:00 16:20

Review and emphasise the key concepts 5 15 16:20 16:40

Next Steps and closure 5 15 16:40 17:00

TOTAL 3.1 2.4 1.5 7.0 
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COREX

DR-Plant

Steel shop

Mills
RHF

VElectricity demand : 160 MW

VManpower: 548 employees

VSales output: 1,2 million ton 

HRC/annum

VAdjustments/optimization of 

production operations, systems 

optimization, fuels switching, etc..... 

driven by EnMS!

V2012 Energy Savings (Norm.) > 100 

GWh

Arcelormittal

Saldanha Works

Energy Efficiency Achievements 2011

Energy Management System Implemented

No. of  Projects/Measures 11

Total Capital Investment (USD) 0

2011 Gross Financial Savings $9M

Overall Payback Period (in years) 0

2011 Energy Savings Norm. 

(GWh)
79.95

2011 GHG Reductions (tons CO2)  77,000

Example 1 : Iron and Steel ïSouth Africa
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V Open joint stock company 

(about 10% on Moldovan market)

V 185 employees

V Management started to look into EE 

in 2009 to reduce production costs 

and impact of increased energy 

prices

LACTIS improvements 2012

Energy Management System Implemented

No. of  Measures/Projects 11

Total Capital Investment (USD) 6,900

Gross Monetary Savings (USD) 22,000

Overall Payback Period (in years) 0.32

2012 Energy Savings Norm. 

(MWh)
328

2012 GHG Reductions (tons 

CO2)  
160

LACTIS J.S.C

Value of EnMS/EE 
investments planned in 2012 
for 2013-2014 was 410,000 
USD

80% implemented

Example 2 : Dairy ïMoldova 
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