
Module 8: Develop Energy Management measures
Put energy management into practice



At the end of this module you will be able to…

Develop energy action plans
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Content Evaluating alternative solutions

Developing Action Plans

Practical Exercise – The Textile Company Evaluating Alternatives

Conducting root-cause analysis

Prioritizing non-product outputs or energy wastages
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Select energy management measures

ASPECTS TO CONSIDER

• Establish and maintain process for identifying alternative solutions.

• Choose criteria in selection, providing a balanced approach to costs, benefits and risks.

• Obtain complete requirements allocation for each alternative.

• Document the rationale for each alternative.
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Overall framework

DMAIC/MAIC METHODOLOGY
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Understanding the situation

Prioritizing NPOs

Compile list of all energy NPOs and energy saving opportunities
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Understanding the situation

Prioritizing NPOs

• It is important to assess impacts of the energy NPOs /losses /aspects

• Impact assessment can be used for prioritization of NPOs

• Consider evaluating against multiple impact areas and variables

Aspects 

Identification of Impacts (High=3, Medium=2, Low=1, N/A=0) 
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Very low condensate recovery 3 0 2 2 0 0 1 0 0 0 3 11 

Low combustion efficiency of coal 

fired boiler 

3 2 3 3 1 0 2 2 0 1 0 17 
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Understanding the situation

Addressing the roots causes

Examples of common tools for 

root cause analysis

▪ 5-Why Analysis

▪ Failure Mode and Effects Analysis 

(FMEA)

▪ Fault/Problem Tree Analysis

▪ Fishbone or Ishikawa or Cause-and-

Effect Diagrams
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Understanding the situation

Consider the following situation in the factory

What action do you suggest?

You see leakages of compressed air from various joints, valves and pipes. 

This may result in enormous energy loss.
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Understanding the situation

Addressing the roots causes

Consider the following 
situation in the factory

What action do you 
suggest?

You see leakages of compressed air 
from various joints, valves and pipes. 
This may result in enormous energy 
loss.

The immediate solution may be to repair all leakages.

But did you ask yourself why did the 

leakages start?
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Understanding the situation

Plenary exercise

You see leakages of compressed air from 

various joints, valves and pipes. This may 

result in enormous energy loss.

Your task in groups:

• Look beyond the situation and try identifying the possible root 

causes why the leakages occur.

• Visualise your finding and present to the other groups

Time: 30 minutes

Why?
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Understanding the situation

Addressing the roots causes

Why?

You see leakages of compressed air from 
various joints, valves and pipes. This may result 

in enormous energy loss.

The worn out 
equipment were 

not replaced

Workers use 
compressed air for 

personal and 
machine cleaning

Equipment were 
replaced but 

leakages occur 
again

Leakages are not 
monitored

Why?

Not considered 
necessary

Workers have not 
reported

Low quality 
equipment

No funds made 
available

No enforcement

No appropriate 
Cleaning 

equipment

Why? Energy 
information not 

available

No procedure
EE not considered 

in purchasing
Lack of training 
and awareness

Pressure higher 
than demand

EE not considered in 
design and operations
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Understanding the situation

Addressing the roots causes

Why?

You see leakages of compressed air from 
various joints, valves and pipes. This may result 

in enormous energy loss.

The worn out 
equipment were 

not replaced

Workers use 
compressed air for 

personal and 
machine cleaning

Equipment were 
replaced but 

leakages occur 
again

Leakages are not 
monitored

Why?

Not considered 
necessary

Workers have not 
reported

Low quality 
equipment

No funds made 
available

No enforcement

No appropriate 
Cleaning 

equipment

Why? Energy 
information not 

available

No procedure
EE not considered 

in purchasing
Lack of training 
and awareness

Pressure higher 
than demand

EE not considered in 
design and operations

Why?

Properly analysing 

the situation will 

allow you to 

address the real 

causes in an 

effective and 

sustainable way.  
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Understanding the situation

Addressing the roots causes and effects

Compressed air leakage

The worn out equipment 
were not replaced

Workers use compressed air 
for personal and machine 

cleaning

Equipment were 
replaced but leakages 

occur again

Leakages are not 
monitored

Not considered 
necessary

Workers have not 
reported

Low quality equipmentNo funds made available

No enforcement

No appropriate 
Cleaning equipment

Energy information not 
available

No procedure

EE not considered in 
purchasing

Lack of training and 
awareness

Pressure higher than 
demand

EE not considered in design 
and operations

Frequent maintenance 
needed

High loading factor of 
compressors

Bad housekeeping 
conditions

….

High maintenance cost High energy cost Demotivation due to bad 
working conditions

Problem

Possible 
causes

Root 
cause(s)

Effects

Impacts
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Understanding the situation

Addressing the roots causes and effects

Fishbone or Ishikawa diagram

Causes Effects
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Select energy management measures -

Methods

RE-FRAMING MATRIX

Simple technique to look at organisational problems from a 
number of different viewpoints

Step 1: Draw the grid

Step 2: Decide on the four perspectives

Step 3: Brainstorm factors related to each perspective
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Developing and Evaluating Alternative Solutions - Methods

Example

Product Perspective

Look into low liquor ratio automated 
dyeing machines

Look into changing dyeing process

Planning Perspective

Review technical capabilities

Assess budget availability

Speak with customer regarding 
product demand 

Potential Perspective

Modernize the plant

Use low energy and water footprint 
as marketing tool

Set SBTi Targets

People Perspective

Need to involve production 
manager

Need to train workers

Need to involve merchandiser

Our energy and water 
consumption in Dyeing are much 

higher compared to other 
suppliers of the Brand Client
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Developing and Evaluating Alternative Solutions 

Basic financial evaluation

• Payback period (months) = Investment ÷ Annual Saving x 12

e.g. Investment = 1,000 USD, Annual Saving = 750 USD, Payback = 1000 ÷750x12= 16 months

• Return on Investment (RoI) = (Gain from Investment - Investment) ÷ Investment

e.g. Investment = 1,000 USD, Total gain over lifetime= 5,000 USD, RoI= (5,000-1000 )÷1,000= 400%

RoI only presents overall gain disregarding the length of investment and time value of money
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Developing and Evaluating Alternative Solutions 

Net Present Value (NPV)

• NPV is the value of all future cash flows (positive and negative) over the 
entire life of an investment discounted to the present. 

• NPV analysis is a form of intrinsic valuation used extensively for 
determining the value of a business, investment security, capital project, 
new venture, cost reduction program, and anything that involves cash flow

• An investor should choose the one with the higher NPV.

• Doing it in Excel

✓ Arrange net cash flow data in excel 

✓ Estimate a Rate/discounting factor (e.g. 10%)

✓ Formula =NPV(rate,value1,[value2],...)

✓ Example: =NPV(10%,B2:B6) = 1,096.92

n Alternate 1 Alternate 2

0 -2000 -3000

1 800 1600

2 1000 1500

3 1200 1500

4 1100 1500

NPV 1096.92 1677.92
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Developing and Evaluating Alternative Solutions 

Internal Rate of Return (IRR)

• The IRR is the discount rate that makes the NPV of a project zero i.e. No-
Profit, No-Loss basis

• Any investment at IRR brings Zero financial benefits

• Any investment below IRR causes a financial loss

• Companies usually decide a lowest IRR value below which they are not 
interested to invest in → a point to check with client

• An investor should choose the 
one with the higher IRR.

• Doing it in Excel

• Arrange net cash flow data in excel 

• Formula =IRR(values, guess)

• Example: =IRR(B2:B6,30%) = 33.82%

n Alternate 1 Alternate 2

0 -2000 -3000

1 800 1600

2 1000 1500

3 1200 1500

4 1100 1500

NPV 1096.92 1677.92

IRR 33.82% 36.48%
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Developing and Evaluating Alternative Solutions 

Equivalent Annual Annuity (EAA)

• Used to compare mutually exclusive projects with unequal lives

• Calculates the constant annual cash flow generated by a project over its 
lifespan if it was an annuity

• When used to compare projects with unequal lives, an investor should 
choose the one with the higher EAA.

• Doing it in Excel

• Arrange net cash flow data in excel 

• Calculate NPV

• Manually apply formula 
EAA = (r x NPV) ÷ (1 - (1 + r)-n ) 

• r=discount factor, n=number of periods

• Example: =(0.1*B9) ÷ (1-(1+0.1)^-4) = 346.05

n Alternate 1 Alternate 2

0 -2000 -3000

1 800 800

2 1000 1000

3 1200 1200

4 1100 1000

5 1000

6 1000

NPV 1096.92 1203.37

IRR 34% 24%

EAA 346.05 379.63
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Financial Evaluation - Example
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Financial Evaluation - Example

• Do we really need to calculate IRR and EAA here?

Although the payback 

is obvious, IRR or 

EAA might still be 

needed if bank 

financing is required.
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Group Task – The Textile Company

• The Textile Company is planning Installation of a waste heat recovery system 
at a stenter and has two options;

✓ Option-1: Locally made system with investment of USD 30,000. This 
may result in annual savings of USD 20,000 with an annual O&M cost 
of USD 2,162. The equipment life is estimated to be 15 years. 

✓ Option-2: Imported system with investment of USD 75,000 resulting in 
annual savings of USD 25,000 and O&M USD 1,500. Equipment life is 
estimated to be 20 years

• Company uses 10% discounting factor in all calculations and does not invest 
in IRR below 15%. 

• Your tasks

✓ Create a cash flow for the options in excel

✓ Calculate NPV, IRR and EAA

✓ Suggest which option should company opt for and why

Total time: 30 minutes

27-08-2023 Develop Energy Management measures24



Selecting and setting performance indicators and goals

For example: 

As per ISO 14031: Guidelines for Environmental Performance Evaluation
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Selecting and setting performance indicators and goals

• Assessable or measurable.

• Controllable - able to be changed by what you do in chemical 
management.

• Central and relevant to what you are trying to achieve.

• Understandable and clear.

• Reliable - providing the same measures when assessed by 
different people.

• Acceptable to the users as true indicators of performance.

• Timely and

• Efficient to monitor.

SMART 

or

ACCURATE
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Using available information

(1) Energy flow related indicators

• Absolute indicators inputs, outputs, NPOs 

✓ e.g. GJ energy used, production 
volume per year, GHG emissions

• Productivity ratios 

✓ e.g. GJ energy per ton of product

• Intensity ratios

✓ e.g. Tonne-CO2/tonne-product

Refer back to your process 
flow charts
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Example of Energy related performance indicators

Performance areas Possible performance indicators

Energy Inputs • Share of fossil energy in energy mix

• Increase in share of renewable energy in 

energy mix

• Total GHG emissions

• Energy consumption per production unit

Demand side • Individual SEUs energy performances

• % of total waste heat recovered

• Maintenance cost related to energy use (e.g. 

leakages, electronics failures…)

• Number of health/safety incidents involving 

energy (e.g. electric shock, hot surfaces, 

direct exposure to high pressure…)

• Number of physical damages involving 

energy (e.g. electric fire, pressure vessel 

explosions, gas release…)
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Example of Energy related performance indicators

Performance areas Possible performance indicators

Energy Management • % of total energy use monitored using 

meters

• Number of internal awareness campaigns

• Number of trainings conducted

• Number of workers attending training / 

awareness sessions

• Number of workers showing improvement in 

behaviours after trainings

• Number of non-conformances identified 

during internal EnMS audit

• ….
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Using energy performance indicators (EnPIs)

✓ Compare Energy efficiency, resource productivity and environmental/safety/health 
performance over time.

✓ Highlight improvement and optimization potentials.

✓ Identify and follow up on targets.

✓ Discover market opportunities and cost-reduction potentials.

✓ Involve, educate and motivate staff.

✓ Promote organizational learning.

✓ Support decision-making by providing concise information about current status and trends 
with regard to resource use and performance.

✓ Implement EnMS or EMS and/or generate information needed for your current EnMS/EMS.

✓ Communicate your results to your stakeholders.
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Relating performance and management action plans - Example
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Relating performance and management action plans - Example

Source: 2011 Georgia Tech Research Corporation and 
U.S. Department of Energy
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Relating performance and management action plans

Source: Sectoral Analysis on Renewable Energy and 

Energy Efficiency in 5 sectors of Pakistan - UNIDO
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Relating performance and management action plans
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Exercise – The Textile Company

Tasks in your group 

1. Refer to earlier identified energy NPOs (eco maps, flow charts, energy balance)

2. Assess impacts of major NPOs and select 3 top priority NPOs 

3. Conduct Root-cause analysis for selected NPOs

4. Develop action plans

5. Present your findings in plenary

Total time: 90 minutes
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Organizing, monitoring and reporting implementation

Example: Using an implementation board
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Key takeaways

• Technical solution is only one aspect while management system and competence

development are also important aspects

• The action plans must also include solutions to non-technical problems. This

becomes relatively easier if the cause analysis is conducted properly, identifying

not only the technical causes of the NPOs but also the causes relating

management, administration, and competence
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Plan next steps

• Identify suitable solutions to identified energy wastages or

energy management issues and develop an action plan.
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