
Mitigation Enabling Energy Transition in the MEDiterranean region

Together We Switch to Clean Energy

meetMED is funded by the European Union

This publication was produced with the financial support of the European Union. Its contents are the sole 

responsibility of MEDENER and RCREEE and do not necessarily reflect the views of the European Union.

ENERGY AUDITS IN 
INDUSTRIAL SMALL 
TO MEDIUM SIZED 
ENTERPRISES (SMEs)

Training Package



© 2020 / meetMED. All rights reserved. 

Licensed to the European Union under conditions

Design by REVOLVE

Cover Image: meetMED



Energy audits in Industrial Small to Medium sized Enterprises (SMEs)

 03

The meetMED project is a two-year project funded by the EU and jointly carried out 

by the Mediterranean Association of the National Agencies for Energy Management 

(MEDENER) and by the Regional Centre for Renewable Energy and Energy E�cien-

cy (RCREEE). Its main goal is to reinforce regional cooperation aimed at fostering the 

energy transition in Algeria, Egypt, Jordan, Lebanon, Libya, Morocco, Palestine and 

Tunisia under the umbrella of the UfM REEE platform.

The meetMED team in Brussels coordinates the project partners and experts in imple-

menting the project activities, in the following areas of work: assessing EE and RES 

strategies and policies; advancing vocational training and public awareness; attracting 

sustainable RE and EE investments; supporting the UfM Renewable Energy and Energy 

E�ciency Platform.

The meetMED activities target and benefit a wide range of stakeholders, including 

policy makers, public authorities, investors and financial institutions as well as local 

communities and final customers. meetMED supports regional cooperation by building 

the technical capacity and raising the public awareness necessary to implement RE 

and EE projects and solutions, while creating synergies with other initiatives targeting 

energy transition in the Mediterranean region.

MEDENER is an international non-profit or-

ganization gathering agencies from the 

northern and southern Mediterranean coun-

tries in charge of implementing public poli-

cies on energy e�ciency and the promotion 

of renewable energy sources, by implement-

ing regional projects facilitating the sharing 

of know-how and best practices among its 

members and international partners, as well 

as accelerating the transfer of skills, meth-

ods and technologies in the field of energy 

e�ciency and renewable energy.

RCREEE is an intergovernmental organization 

aiming at enabling the adoption of renewa-

ble energy and energy e�ciency practices 

in the Arab region. RCREEE brings together 

regional governments and global organiza-

tions to initiate and lead clean energy policy 

dialogues, strategies, technologies and ca-

pacity development in order to increase Arab 

states’ share of tomorrow’s energy. Its key 

work areas are capacity development and 

learning, policies and regulations, research 

and statistics, and technical assistance.
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This meetMED publication contains the materials for a profes-

sional training on energy audits in industrial small to medium 

enterprises targeting public authorities, industrial sector, energy 

experts in charge of promoting EE in the industrial sector.

Technologies and processes for the rational use of energy in 

industrial production are the main tool to decouple industri-

al production from energy intensity – therefore contributing 

to the overall goal of transition to a low carbon and circular 

economy.  In this respect, energy management contributes to assess and design the 

industrial processes that integrate energy savings and security as well as the compet-

itiveness and sustainability of the industrial production. 

This professional training on energy audits and energy management is a practical tool 

to strengthen the technical capacity to improve energy e�ciency and profitability in 

the industrial sector and to optimize energy-intensive equipment and systems. 

This meetMED training package is available for replication and to be used in future 

training activities addressed to the energy professionals in charge of energy systems 

in the industrial sector. 

This meetMED training package on energy audits was designed by meetMED experts 

from RCREEE, ANME (Tunisia) and CRES (Greece). 

The materials were drafted building on the existing national and EU practices and 

on the PA-CEMP project. Special thanks for their support and contribution go to 

SwitchMed and UNIDO. 

The training materials were first used in a 5-day training held in Cairo in Decem-

ber 2019. The event was hosted by the RCREEE and delivered by meetMED experts 

from RCREEE, ANME (Tunisia) and CRES (Greece) with the support of the meetMED 

experts from AMEE (Morocco), APRUE (Algeria), ENEA (Italy), LCEC (Lebanon), and 

MEMR (Jordan). 

The credits for this publication go entirely to the network of meetMED experts from 

the national energy agencies and ministries of the 13 meetMED countries, who pre-

pared and tested the training materials - under the restless coordination of RCREEE, 

CRES (Greece) and ANME (Tunisia).

Matteo Barra 

meetMED Project Manager

Foreword 
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This training course is designed to provide energy experts with the necessary skills 

and knowledge to improve energy e�ciency and profitability in the industrial sector 

as well as to gain required methodology for the completion of a thorough energy 

audit. Furthermore, the course includes the exchange of regional experiences among 

the meetMED targeted countries, in planning and implementing EE plans and related 

measures for industrial SMEs. 

The training modules cover the general aspects of energy management and energy 

audit; electrical energy management; thermal energy management; energy auditing 

iso 50002; practical instruments and tools for energy auditing; energy performance 

assessment of equipment and SMEs; economic analysis and project financing; meas-

urement and verification as well as demand side management programs. 

The meetMED training course on Energy Audits in Industrial Small to Medium Enter-

prises (SMEs) took place on 08-12 December 2019 in Cairo, Egypt.

The meetMED training course was co-organized by the Regional Center for Renewa-

ble Energy and Energy E�ciency (RCREEE), the Greek Centre for Renewable Energy 

Sources and Saving (CRES) and the Tunisian National Agency for Energy Manage-

ment (ANME), based on this training package they jointly developed.

About the Training Package
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0. The meetMED Project

Matteo Barra – meetMED Project Manager

Summary of the Presentation

meetMED project is a two-year project funded by the EU and jointly carried out by the 

Mediterranean Association of the National Agencies for Energy Management (ME-

DENER) and by the Regional Centre for Renewable Energy and Energy E�ciency 

(RCREEE). 

Its main goal is to reinforce regional cooperation aimed at fostering the energy tran-

sition in Algeria, Egypt, Jordan, Lebanon, Libya, Morocco, Palestine and Tunisia under 

the umbrella of the UfM REEE platform. 

meetMED brings together more than 60 experts from national energy agencies and 

ministries, whose common goal is to exchange best practices, to train professionals 

and to raise public awareness on sustainable energy choices and investments. The 

meetMED activities target and benefit a wide range of stakeholders, including policy 

makers, public authorities, energy stakeholders, investors and financial institutions as 

well as local communities and final customers at large. 

Due to the importance of the Mediterranean region as the key area where energy 

transition to clean and sustainable energy is possible in the next following years, 

meetMED supports regional cooperation in the field of RE and EE not only by facili-

tating the exchange of best practices between all its partners and by raising capacity 

building and public awareness, but also by creating synergies with other initiatives 

targeting the Mediterranean region, such as the ClimaMed, SwitchMed, MedStat and 

EuroMed Cities.

The meetMED team in Brussels coordinates the project partners in implementing the 

project activities, which concern mainly the following areas of work: assessing EE 

and RES strategies and policies; advancing vocational training and public awareness; 

attracting sustainable RE and EE investments in target countries; supporting the UfM 

Renewable Energy and Energy E�ciency Platform.



Energy audits in Industrial Small to Medium sized Enterprises (SMEs)

Training Package�: meetMED Project | 14

The Module’s Contents
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• Goals

• Target Countries

• Structure

• meetMED objective and 
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• Work Packages - 1 to 4

• Rationale

• Events 2018 / 2019

• Contacts

. 3

3

Goals . 4

Target countries

Target countries

Algeria

Egypt

Jordan

Lebanon

Libya

Morocco

Palestine

Tunisia

. 6

meetMED objective and workstreams

WP1 -

Policies & 

strategies

WP2 –

Capacity

building

WP3 -

Private

sector

mobilization

WP4 -

Regional

dialogue

Enabling the Energy Transition in the Mediterranean region, increasing security 

of energy supply along with climate mitigation in the region, thereby 

contributing to the greater development objectives of poverty reduction, 

economic growth and job creation.

. 10

Work package 4
WP 4 Leader: Noha Gamal El Din, RCREEE - noha.gamal@rcreee.org

A4.1
meetMED meetings for the UfM REEE Platform 

A4.2
meetMED technical papers 

A4.3
meetMED Steering Committee 

A4.4
meetMED High Level Political Dialogue 

A4.5
MEDENER international conferences 

Supporting the UfM REEE Platform

WP 4 . 11

Rationale

• Challenge: facilitate the implementation of RE and EE policies in

SEM countries thanks to the exchange of best practices

• Instruments: publications and events meant to smooth decision-

making by public authorities and to provide them with a solid

technical background and guidance on policy recommendations

• Creating links: building and capitalising on existing instruments of

international and regional cooperation on RE and EE

• Economic impacts: raising stakeholders’ awareness on investment

opportunities in EE and RE sectors

Rationale . 14

Contact us!

14

www.meetmed.org

meetMED Project

@meetmed1

info@meetmed.org

Preview of some of the slides. This Module has 14 Slides.

Download the full module here

https://meetmed.org/wp-content/uploads/2019/05/0-meetMED-project.pdf
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0. Overview and achievements of 
the SwitchMed initiative

Ayman EL ZAHABY – Regional Coordinator, UNIDO

Summary of the Presentation

The session provided an overview of the SwitchMed program, which is an initiative 

jointly implemented by UNIDO, the UN Environment-MAP/SCP-RAC, and the UN Envi-

ronment Economy Division, in close coordination with DG NEAR on behalf of the Eu-

ropean Union, that supports and brings together stakeholders to scale-up social and 

eco innovations in the Mediterranean. The initiative aims to support and accelerate 

the transition of the Southern Mediterranean countries toward Sustainable Consump-

tion and Production.

The project impacted positively on the development of the industrial sector in the 

region. The impacts included: productivity increase as well as operational and envi-

ronmental compliance costs reduction; investments optimization and business risk 

minimization; compliance with international environmental standards; sustainability 

of long-term production supply; improved involvement and coordination of the main 

stakeholders.

Dr Aymen provided case studies and best practices in the Arab region, such as: (1) 

Coca Cola company Jordan that identified and integrated more than 30 measures 

into existing ISO14001 system and impacted cutting water use by 22%, energy by 44% 

and raw materials by 3% with total annual savings of 570k euro. (2) New Amico Tunisia 

(DEMCO group) company jean washing that realized 360k Euro savings with 46% of 

water savings reached, 26% of energy savings and 1% in chemicals. (3) SinkrotFood 

Company, where several energy e�ciency measures led to a reduction by 60% of the 

total gas consumption at boilers and oven.

125 industries have benefited from SwitchMed Initiative and received full package 

technical assistance with a leverage of 87.6 Million Euro and 40% of investments en-

velope pipelined (approved) through national financing schemes.
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The Module’s Contents
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SwitchMed (2014-2018) - Support and accelerate the transition 

of the Southern Mediterranean countries toward 

Sustainable Consumption and Production (SCP)

Industry

Service 

Providers

Institutional

Stakeholders

To stimulate 
the demand 
and supply of 
sustainable 
production 
services

Develop national capacities & the local 

market of sustainable production service 

providers

Scale-up adoption of best practices through 

industry demonstrations: 

-Eco-innovative technology/Eco-Design products/packaging

-Production efficiency (modification, process control, GHK, etc.)

Engage key stakeholders (policy makers, 

industrial association, financial institutions) –

enabling business environment

Scaling up: from MED TEST I to MED TEST II
www.switchmed.eu

POTENTIAL for RECP IN DEVELOPED 

ECONOMIES

Sources: German Material Efficiency Agency (demea) 

and Federal Statistical Office – Study on SMEs

POTENTIAL IN DEVELOPING ECONOMIES

Source: Dobbs, R., Oppenheim, J. et al., Resource Revolution, 

McKinsey Global Institute, London, 2011

RECP sound business strategy 
Innovation, new business and green market opportunities

Best practice Tunisia

“New Amico (DEMCO group) company jean washing 

realized 360keuro savings with a PBP of 1 yr. Water 

savings reached 46%, savings in energy 26% and

1% in chemicals . Some of the most important projects 

include acquisition of Eco-Innovative E-Flows machines 

for textile finishing (micro-nano-bubbles technology) and 

recycling 40% of wastewater within process.

The company main motivation was to improve branding 

and respond to the increasing European market 

demand for green products.”

MED TEST II  

� 125 industries received full package technical assistance 

� Leverage of 87.6 Million Euro Impact Investment for 

Resource Efficiency projects 

� 40% of investments envelope pipelined (approved) through 

national financing schemes

Partnership with IFIs (EBRD) and national 

financing institutions/programmes

- Joint promotional actions

- Pipeline of project 

- Follow up with beneficiaries

43%

23%

16%

18% 0 y < PBP < 0.5 y

0.5 y < PBP < 1.5 y

1.5 y < PBP < 3 y

PBP > 3y

Preview of some of the slides. This Module has 28 Slides.

Download the full module here

https://meetmed.org/wp-content/uploads/2019/09/0C.-UNIDO-Presentation-Ayman-Al-zahaby.pdf
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0. Introduction to AFEX EE

Hussam ALHERAFI – Technical Director, RCREEE

Summary of the Presentation

This presentation focused on Arab countries’ e�orts made and progress achieved in 

developing their energy e�ciency markets in various sectors. Countries are ranked 

under more than 20 indicators that illustrate key energy market aspects, including 

energy pricing, policy framework, institutional capacity, and utility.

AFEX analysis provides a comprehensive overview of the progress achieved by 20 

Arab countries with respect to the transition towards an EE market after recent plunges 

in oil prices and economic turmoil in the region. Moreover, it highlights the great oppor-

tunity for Arab countries to learn from each other’s achievements and success stories in 

implementing energy e�ciency measures, policies and technologies. Main key points 

highlighted by the presentation are:

• The region witnessed an unprecedented wave of energy subsidy reforms.

• 15 out of 20 Arab states have developed national energy e�ciency action plans 

(NEEAPs), while others are preparing their first NEEAPs.

• Arab countries still need to further develop and implement energy e�ciency reg-

ulations, initiatives, and programs to reduce energy consumption in the transport 

sector.

• UAE is leading the ESCO market in the region as Etihad super ESCO is playing a 

major role in regulating and enabling the EPC market. Etihad ESCO has set the am-

bitious goal of retrofitting 30,000 buildings in Dubai by 2030 achieving an annual 

saving of 1.7 TWh of electricity by 2030.
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Energy Subsidy Reforms 2016

11 Countries in 2017

6   Countries in 2014

. 15

Residential Electricity Prices

. 19

Examples of Fuel Subsidy Reforms

Octane 95 and Octane 91 prices

were increased by 33% and

22% in January 2016

Octane 80, Octane 92, Diesel

Butane gas cylinders and

Natural Gas

Increase prices for

super grade gasoline,

normal grade

gasoline and diesel

The Octane 98, Octane 95, Octane 91 and

Diesel prices increased by 20%, 21%,

22% and 12%, respectively in November

2016.

Liberalized all fuel prices

Increased gasoline

and diesel prices in

2016

Increased prices of Octane 90, Octane 95, diesel,

kerosene and Ultra petrol in October 2016

. 21

NEEAPs

Preview of some of the slides. This Module has 27 Slides.

Download the full module here

https://meetmed.org/wp-content/uploads/2019/09/0d.-AFEX-EE-meetMED_-Hussam-Alherafi-v1.pdf
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0. Regional Policies and Legal 
Framework

Khalid SALMI – Senior Energy Management Specialist, RCREEE

Summary of the Presentation

The presentation provides an overview on Arab electricity consumption pattern as 

well as the Arab Guidelines for improving EE and rationalizing its end use consump-

tion, as approved by the Arab Ministerial Council of Electricity. Main figures in the 

Arab Region are:

• 12 Countries fixed EE National Targets (Jordan, Bahrain, Egypt, Tunisia, Sudan, Syr-

ia, Iraq, Palestine, Lebanon, Libya, Qatar, Kuwait). 

• 17 countries have national assigned EE entities (Jordan, Bahrain, Algeria, Egypt, 

Tunisia, Sudan, Syria, Iraq, KSA, Palestine, Lebanon, Libya, Qatar, Kuwait, Morocco, 

Djibouti, Yemen). 

• 19 NEEAPs are developed at di�erent stages (Jordan, Bahrain, Algeria, Egypt, Tu-

nisia, Sudan, Syria, Iraq, KSA, Palestine, Lebanon, Libya, Qatar, Kuwait, Morocco, 

Djibouti, Mauritania, Yemen).

• 8 Countries implemented EE measures for the public sector, including govern-

mental building, street lighting, e�cient lighting systems, energy audits, and water 

pumping systems.

• 17 Countries issued more than 34 EE laws and regulations.

• 8 Countries implemented dedicated EE awareness and media campaigns.

The presentation gives also a general description of the Pan Arab Certified Energy Man-

agement Professional Program that represents a standardized professional certification 

for Energy Managers for the Arab Region endorsed by the Executive Bureau of the Arab 

Ministerial Council of Electricity since 2017 and clarifies its eligibility criteria and content.
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The Module’s Contents

• Background 

• Context: The Arab Guidelines for 

Improving Electricity E�ciency 

and Rationalizing its End Use 

Consumption

• EE aspects at a glimpse

• PA-CEMP - Pan Arab Certified 

Energy Management Professional 

Program

• Conclusions

www.meetmed.org

RCREEE… Who we are?

Work in the Pan-Arab Region… know how to navigate your way

Knowledge Partnership Replicability Leadership

. 7

Day After Tomorrow

. 8

CONTEXT

The Arab Guidelines for Improving Electricity Efficiency

and Rationalizing its End Use Consumption (Approved by

the Arab Ministerial Council of Electricity – Decision No. 195/2010)

Control 
Demand 

Growth Rate

Increase 
Energy 
System 

Efficiency

Diversify the 
Patterns of 

Energy 
Consumption 
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OBJECTIVES 

� Raise the professional standards of  energy managers

� Identify individuals with acceptable knowledge of EMS

� Provide experience to develop energy management activities

� Award special recognition through endorsed certificates  

� Assist implementing laws and regulations which specifies the 
qualifications of local/regional energy service providers

. 16

28 PA-CEMP Rounds was 

held in 4 Arab Countries

573

508

416

260

Applicants Eligible Participants Certified
www.meetmed.org

CONCLUSIONS

Political:

Energy security 
Source for LTEP

Economic:

Lower CAPEX in 
Local Currency

Social:

Local direct and 
indirect Jobs 

Technological:

Simple & Fast 
Implementation

Environmental:

CO2 Emissions 
Mitigation

Utilities:

Lower Baseload 
& Peak Demand

Energy Efficiency  is a win-win affordable opportunity for the 

Southern & Eastern Mediterranean countries at all levels:

Preview of some of the slides. This Module has 21 Slides.

Download the full module here

https://meetmed.org/wp-content/uploads/2019/09/0e.-Regional-EE-Overview_Khalid-Salmi.pdf
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I. Overview on energy Conservation 
and Energy E�ciency

Khaled A. EL FARRA – PhD, GM Senior EE expert, RCREEE

Summary of the Presentation

The presentation provides an overview of the basics on energy e�ciency, renewable 

energy, and mitigation measures for the energy resources management. In addition, 

the opportunities of energy e�ciency and renewable energy were presented too.

The Module’s Contents

• Energy and its forms

• Potential and kinetic energy

• Energy Resources Categorization 

• Energy Outlook 2019

• Energy Conservation and E�ciency

• Systems to apply EE Opportunities

• EE and RE barriers to 

implementation

. 3

Potential and Kinetic Energy

� The potential energy is the energy stored, i.e. ice on top 

of the mountain, water behind dams, any mass elevated, 

…. Etc.

� The kinetic energy is the movement of objects or 

substances from one place to another conducting work.
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Energy Resources Categorization

� Primary Energy;
 Fossil Fuel

 Solar

 Wind

 Geothermal

 Hydro

 Wastes

 Biofuels

 Biomass

� Final Energy
 Electrical

 Heating/Cooling

 Mechanical

Conversion or 

Transfer 

Processes

. 7

Energy Outlook 2019

. 8

Global Energy by Fuel
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Systems to Apply EE Opportunities

� Heating Ventilation, and Air Conditioning (HVAC).

� Air Compressors.

� Heat Generators (Thermal/Cooling) , i.e. boilers, 
heaters, furnaces, driers, Chillers, ..etc.

� Lighting Systems.

� Wastes Treatment.

� Motors and Drives.

� Processes, Services optimized performance.

� Refrigeration Systems.

� Distribution Networks (Electrical, Piping, …..etc.)

. 12

Energy Balance and Efficiency
Final Energy

(Useful)

In
p

u
t 

E
n

e
rg

y

Conversion 

Transfer

Others

Losses

Efficiency (ƞ) = 
Final Energy

Input Energy

Power 

Generation 41%
Transmission 95% Substation 97% Distribution 92% Motor 91%

Overall Efficiency 32% 

Preview of some of the slides. This Module has 13 Slides.

Download the full module here

https://meetmed.org/wp-content/uploads/2019/09/1.1.-Energy-Overview-Khaled-El-Farra.pdf
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II. General Aspects of Energy 
Management and Energy Audit

Khaled A. EL FARRA – PhD, GM Senior EE expert, RCREEE

Summary of the Presentation

The presentation focuses on the approach to setup an Energy Management System, 

explained in a very simplified way for beginners. Energy Auditing is also key to set the 

baseline data and the outcome in terms of objectives and targets of the EnM System.

The Module’s Contents

• General Aspects

• Energy Management System (EnMS) 

– Design Aspects/Considerations

• EnMS Definitions and Approaches

• EnMS Bottom Up Approach 

• Auditing Aspects
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Energy Management (EnM) and Auditing –

General Aspects

� Why Energy Management?

� How to setup EnM?

� Why Energy Auditing is 

the key to EnM?

2

Header section title

Security, sustainability, 

competitiveness, 

productivity, and quality.

Vision and Mission, 

Planning, Objectives, 

Broad Policy and specific 

policies, Financial and 

Human resources, 

Monitoring Performance 

Indicators.
Setting the baseline data, formulate the energy 

management program with EE/RE based 

projects, setting the contribution of the EE/RE 

projects to the EnM objectives, calculating for 

projects feasibility (financial and technical), 

counting for the environmental benefits and the 

value chain of competitiveness.

. 3

Energy Management System (EnMS) –

Design Aspects/Considerations

� Facility Vision and Mission towards the EnMS.

� Energy Policy with Clear Objectives on which the 

specific targets will be set.

� Energy Data Flows, accessibility, tracking, and 

monitoring.

� EnMS responsibilities and structure.

� EnMS program of activity to the EE/RE based projects.

. 4

Energy Management System – Definitions 

and Approaches 

� EnMS is the system that is being structured to ensure the 
performance of the facility considering:

– The energy resources security and sustainability.

– The anticipated changes in the energy market and its impact on the facility 
activity.

– The tracking for the facility energy performance indicators.

– The follow up for energy costs versus the facility competitiveness.

– The facility environmental impact regarding the implementation of the EE/RE 
based projects/programs.

� The approach for EnMS is to:
– Set properly the facility objectives and targets.

– Structure the system in details with full transparency among the stakeholders.

– Assign the financial and human resources to implement the system.

– Mitigate the risks to totally eliminate the key barriers to the system performance.

– Exploit the others experiences in performing the EnMS.
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EnMS Bottom Up Approach

Analyze:

� Bills
� Measurements
� Assess needs for more measuring 

devices

Why is the need for EnMS?

� Setup the goals to be achieved regarding 
efficient use of energy, reduction in GHG 
emissions, and contribution to the Global 
Climate Change.

� Define the structure, human capacities, 
responsibilities, and financial resources.

� Setup the action plan and assign the 
energy manager.

� Decide the program of activity for EE and RE 
based projects to the facility.

� To be; set, publicized, top management committed, 
communicated, updated periodically, and concurred.

Facility Energy Consumption Pattern and 

Baseline Data

Vision and Mission to EE/RE

Broad Objectives and Specific 

Targets

Structure and Responsibilities to 

EnMS

Energy Management Program 

of Activities

Policy
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Auditing Aspects

� Planning.

� Agreement.

� Audit Level.

� Audit Anticipated 

Outcome.

� Measurement Plan.

� Calculation Tools.

� Site Visits.

� Data Analysis.

� Reporting.

. 7

Contact us!

7

www.meetmed.org

meetMED Project

@meetmed1

info@meetmed.org

Preview of some of the slides. This Module has 7 Slides.

Download the full module here

https://meetmed.org/wp-content/uploads/2019/09/1.2.-Aspects-of-EMS-Khaled-El-Farra.pdf
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III. Electrical Energy Management

Khaled A. EL FARRA – PhD, GM Senior EE expert, RCREEE

Summary of the Presentation

This presentation introduces the basics for calculating the performance of the dif-

ferent electrical systems. It also tackles the opportunities to improve the e�ciency 

of energy performance in terms of the proven technologies that are present in the 

energy e�ciency market. The calculation tools setting the anticipated revenues re-

lated to the saved energy in the electrical systems were presented to the trainees.

The Module’s Contents

• Electrical Systems

• Energy Basics Knowledge

• Electrical Basics

• Motors and Drives

• EE opportunities in Motors 

Applications

• Electric Fans

• Pumps/Fans Controls

• Compressed Air Systems

• Lighting Systems
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Motors and Drives

� Motors consume 55–65% of the industrial 

sector’s electrical energy

Pumps
Fans Machining

Compressors

� Air

� Process fluid

� Refrigeration

� Air Conditioning

Conveyor 
Systems

. 12

Pump Operation and Design Consideration 

Pump Curve – Manufacturer Data Sheet System Curve – Analysis and Study

Pump Operating Point

. 16

Compressed Air Systems 

� Measures to consider;
– Distribution system Modifications (if there are large pressure drops)

� Pipe selection according to a pressure drop of 5% or less in initial pressure

� Replace piping when the diameter is too small

� Add new piping in parallel

� Generously size filters, final coolers, air dryers and fittings

� Replace fast fittings by fixed fittings for permanent tools

– Compressor Efficiency;

� Relocate inlet (colder air)

� Replace standard motors with high-efficiency ones

� Replace filters regularly: excessive pressure drop in filters also wastes energy

� Choose the right air dryer; Desiccant or Refrigeration-based

. 18

Lighting Systems

� Lighting Systems Consumption 

Distribution;

. 23

Typical Lifespan Of Various Light Source 

Technologies

23

. 24

Efficacy of Light Source Technologies 

24
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Preview of some of the slides. This Module has 25 Slides.

Download the full module here

https://meetmed.org/wp-content/uploads/2019/09/2.2.-Electrical-Energy-Management-Khaled-El-Farra.pdf
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IV. Thermal Energy Management

Khaled A. EL FARRA – PhD, GM Senior EE expert, RCREEE

Summary of the Presentation

This presentation introduces the basics for calculating the performance of the di�er-

ent Thermal energy system. The thermal energy systems are the systems by which 

the thermal heating/cooling loads are generated. It also tackles the opportunities to 

improve the e�ciency of energy performance in terms of the proven technologies 

that are present in the energy e�ciency market. The calculation tools that will support 

in setting the anticipated revenues related to the saved energy in the thermal systems 

were also presented to the trainees. The most verified technologies were also illus-

trated, such as the process controls and automation, the Cogeneration/Tri-Genera-

tion, the Building Automation Systems (BAS), the steam processes and the generation 

tools in e�cient ways.
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The Module’s Contents

• Thermal systems

• Energy flows

• HVAC systems

• Boilers and Steam Systems

• Waste Heat Recovery Systems

• Control and Automation of Energy 

Systems

. 5

The Heat Flow

� The heat flow is processed through heat transfer 

that takes place by three modes; 

– Conduction ( proportional to Δt)

– Convection (approx. prop. to Δt
2
)

– Radiation (approx. prop. to Δt
4
)

� Heat Transfer by Conduction;

– Heat is lost and gained through the building shell.

. 10

HVAC System Components

. 15

Boilers and Steam Systems

� System Components;

. 18

Waste Heat Resources and Recovery 

Potential

. 19

Control and Automation of Energy Systems

� Energy effective systems require energy effective 

controls (manual or automatic)

� Energy effective controls means that first we need to 

understand how the equipment SHOULD be operated 

and controlled, and then put such systems in place

� Requires that the system is properly installed, 

operational and commissioned.

. 22

Control System Hierarchy

Field Devices

(Sensors, Actuators, …etc.)

Inputs (measured

Values/feedback signals)

Outputs (Control Actions)

Input / Output Carrier Modules

Data Processing and Control 

Algorithm (Controller)

Working 

Station

Preview of some of the slides. This Module has 23 Slides.

Download the full module here

https://meetmed.org/wp-content/uploads/2019/09/2.3.-Thermal-Energy-Management-Khaled-EL-Faraa.pdf
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V. Energy Auditing ISO 50002

Khaled A. EL FARRA – PhD, GM Senior EE expert, RCREEE

Summary of the Presentation

This presentation covered all requirements to the energy auditing procedures and 

the tools required to auditing the facility. The auditing process was explained starting 

from the planning phase until the final audit report operational procedures. Di�erent 

related codes and standards have been introduced in comparison with the auditing 

under ISO 50002.

The Module’s Contents

• Energy Audit : Objectives, Process, 

Guides and Standards

• Types of Energy Audits

• Audits Key Governances to Assign 

Audit Level

• Energy Audit Cycle Costs

• Energy Audit Steps

. 7

Types of Energy Audits

Measurement & Verification 

(M&V) of Savings

Advanced Feasibility Study / Large Facility / 

Complex Energy Sub-System (ISO 50002 -Level 3 

Energy Audit)

. 8

Types of Energy Audits

Level 1

Accuracy

•-30% to -50% Savings

•+30% to + 50% Costs

Uses

•Monitoring 

•Scoping

•Qualification

•Key feasibility study for 
small facilities or simple 
energy systems

LOE (Typical)

•Small-Medium Building

•1 days on site

•1 week office report writing

•Large Building

•2 days on site

•2 weeks office report 
writing

Level 2

Accuracy

•-15% to -25% Savings

•+15% to + 25% Costs

Uses

•Detailed feasibility

•Firm internal funding 
requests

LOE (Typical)

•Small-Medium Building

•1 week on site

•2 weeks office report 
writing

•Large Building

•2 Weeks on site

•4 weeks office report 
writing

Level 3

Accuracy

•-5% to -10% Savings

•+5% to + 10% Costs

Uses

•Advanced Investment 
Feasibility Study – more 
detail for a larger, more 
complex facility

•External Funding Requests

•System Specific Detailed 
Feasibility Study

LOE generally the same as 
Level 2

•LOE determined by detail 
required and / or complexity 
of a sub system

. 10

Energy Audit Cycle Costs

Project Life

Development Construction

Period

Performance

Period

Costs

Benefits

(Energy, Operations Savings)

(Operations, Energy, M&V, Debt Service)
(EAs, implementation planning, finance planning)

. 11

Energy Audit Steps

. 13

Energy Audit Steps

� Meetings and Data Collection
– Data required and when

– Access to facilities

– Timeframes for data collection on site

– Organize copying, retrieving documents, etc.

– Key personnel on site to access specific areas

– Security clearances?

– Site inductions for safety

– Special clothing / personal protective equipment

– Liability releases / insurance for site work

– Measurement equipment safety inspection requirement

. 16

Energy Audit Steps

� Post Site Visit Analysis:
– Preliminary / Rough Analysis (Level 1 Audits / Non-Core Measures):

� Developing target scope for a more detailed study

� Time and resources are limited

� The project values are low

� The facility / energy system and operating profile is simple

– Detailed Analysis (Level 2 Audits / Core Measures):

� Projects with internal funding available

� Firm budget commitments for project implementation have been made

� Moderate complexity systems and operating profiles

– Advanced Analysis (Level 3 Audit / High Value / High Risk Projects ):

� Projects that require solicitation of external funding

� Moderate complexity systems and operating profiles

� Where project modifications have significant financial, health and human safety, 
or environmental risks (e.g. modifications to process, critical environments, etc.)

Preview of some of the slides. This Module has 18 Slides.

Download the full module here

https://meetmed.org/wp-content/uploads/2019/09/2.4.-Energy-Auditing-50002-Khaled-EL-Farra.pdf
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VI. Instruments and Tools for 
Energy Auditing

Khaled A. EL FARRA – PhD, GM Senior EE expert, RCREEE

Summary of the Presentation

This presentation focuses on the instruments and tools required for the energy flows 

measurements during the audit. All devices were introduced to cover both the elec-

trical and thermal systems within any facility. Moreover, the calculation tools and soft-

ware are commonly used to calculate energy e�ciency and renewable energy oppor-

tunities with simple case studies/examples.

The Module’s Contents

• Energy Audit Instrumentation

• Instruments Utilization

• Thermal and Mechanical 

Instruments

• Standalone Data Loggers

• Leak Detectors

• Tools and Software for Energy Audit 

Analysis

. 2

Why Instruments are Key Factor for 

Auditing?

� Measurements mandatory for some systems in order 

to assess the system performance. 

� Measurements improves the accuracy for the 

assessment any activity.

� The selection of measurement devices and duration of 

measurements. 

� Measurements are key element for the Analysis of 

Systems.

What you can not measure you can not control

. 3

Energy Audit Instrumentation

� Electrical Systems Performance

– Multi-meter-Voltage, Amperage

– Power Meter – Watts, VARs, VA, PF [Cos phi], Harmonics 

Analysis.

– Light meter- light levels

– Personal Protection Equipment

– Insulating gloves and Safety Tools.

. 5

Thermal and Mechanical Instruments

� Flue Gas Analyzer; for measuring the combustion process products 

and efficiency.

� Pressure Measurements;

– Manometer

– Bourdon Gauge

– Draft Gauge

� Relative Humidity

– Psychrometer

� Measures wet bulb and dry bulb temperatures, and we can then calculate 

the RH

– Hygrometer

� Measures Electrical Conductivity

. 6

Thermal and Mechanical Instruments

� Rotational Speed Measurement
– Mechanical Tachometers

� Contact required

– Laser Tachometers
� No contact required

– Stroboscopes
� No contact required

� Air Velocity
– Anemometer – Rotating Vane

– Pitot Tube

– Heated Thermocouple

– Hot Wire Anemometer

. 9

Leak Detectors

� Leak Detection; for steam or compressed air

� Ultrasonic Leak Detectors

– Basic acoustic receivers

– Tunable ultrasonic receivers

. 11

Preview of some of the slides. This Module has 12 Slides.

Download the full module here

https://meetmed.org/wp-content/uploads/2019/09/2.5.-Instruments-and-Tools-Khaled-El-Farra.pdf
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VII. Energy Performance 
Assessment of Equipment and SMEs

Khaled A. EL FARRA – PhD, GM Senior EE expert, RCREEE

Summary of the Presentation

This presentation tackles the categorization of di�erent systems inside an anticipated 

auditing to the facility. The energy and mass balance are major issues to be conduct-

ed. Moreover, the concept of system performance in terms of energy consumption 

and e�ciency was also introduced to the trainees.

The Module’s Contents

• How to Measure Facility 

Performance?

• Equipment in SMEs to Measure the 

Performance

• Systems Way of Measure

www.meetmed.org

Mitigation Enabling Energy Transition in the MEDiterranean region 

Energy Performance Assessment 

of Equipment and SMEs

Dr. Khaled ELFARRA
Energy Audits in Industrial Small Medium Enterprises 

(SMES) - Training Course

Sunday, 8 December 2019 – Cairo, Egypt
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How to Measure Facility Performance?

� The Facility Performance is measured through the efficiency;

– The service/productivity performance efficiency.

– The energy performance efficiency.

� Productivity should consider all inputs related to the 

processed material to get final product.

� Energy should consider all inputs of energy to process to 

compare with the useful energy exerted in the process.

� The performance efficiency is then compared to benchmarked 

values to similar processes or to the best practices.
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Equipment in SMEs to Measure the 

Performance

� For a process or activity, the equipment are;
– Cooling Systems (Chillers, Refrigeration Processes).

– Heating Systems (Hot Water Generators, Steam Boilers, Solar Water 

Heating, etc.)

– Lighting System (Lighting Source Technologies – Efficacy).

– Motors (Drives and Controllers).

– Appliances (Washers, Fridges, etc.)

– Compressed Air Systems.
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Systems Way of Measure

Chiller

(Vapor Compression 

Cycle)

Input Energy;

1. kWelec, input

Useful Energy;

1. Chilled Water 

Supply Temp.

2. Chilled Water 

Return Temp.

3. Chilled Water 

Flow Rate.

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑈𝑈𝑈𝑈 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑃𝑃𝑃𝑃𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 (𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑃𝑃𝑃𝑃) = 𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑈𝑈𝑈𝑈𝐶𝐶𝐶𝐶 𝐸𝐸𝐸𝐸𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐼𝐼𝐼𝐼𝐶𝐶𝐶𝐶𝐼𝐼𝐼𝐼𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 𝐸𝐸𝐸𝐸𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸

Chiller

(Absorption Cycle)Input Energy;

1. kWthermal, input

Useful Energy;

1. Chilled Water 

Supply Temp.

2. Chilled Water 

Return Temp.

3. Chilled Water 

Flow Rate.
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Systems Way of Measure

Electric Motor
Input Energy;

1. kWelec, input

Useful Energy;

1. Mechanical 

Shaft Power

ƞ𝑃𝑃𝑃𝑃𝐶𝐶𝐶𝐶𝑈𝑈𝑈𝑈𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶
=

𝑀𝑀𝑀𝑀𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑀𝑀𝑃𝑃𝑃𝑃𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑃𝑃𝑃𝑃𝐶𝐶𝐶𝐶 𝑆𝑆𝑆𝑆𝑀𝑀𝑃𝑃𝑃𝑃𝐶𝐶𝐶𝐶𝑈𝑈𝑈𝑈 𝑃𝑃𝑃𝑃𝐶𝐶𝐶𝐶𝑃𝑃𝑃𝑃𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐼𝐼𝐼𝐼𝐶𝐶𝐶𝐶𝐼𝐼𝐼𝐼𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 𝐸𝐸𝐸𝐸𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸

Compressed Air 

SystemInput Energy;

1. kWthermal, input

Useful Energy;

1. Compressed 

Air Pressure.

2. Compressed 

Air Flow Rate.

𝐸𝐸𝐸𝐸𝑈𝑈𝑈𝑈𝐼𝐼𝐼𝐼
=

𝐼𝐼𝐼𝐼𝐶𝐶𝐶𝐶𝐼𝐼𝐼𝐼𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 𝐸𝐸𝐸𝐸𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐴𝐴𝐴𝐴𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐹𝐹𝐹𝐹𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑃𝑃𝑃𝑃 𝑅𝑅𝑅𝑅𝑃𝑃𝑃𝑃𝑈𝑈𝑈𝑈𝐶𝐶𝐶𝐶
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Systems Way of Measure

Lighting System
Input Energy;

1. kWelec, input

Useful Energy;

1. Lumen 

Emitted

ƞ𝐵𝐵𝐵𝐵𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = 𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑈𝑈𝑈𝑈𝐶𝐶𝐶𝐶 𝐸𝐸𝐸𝐸𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐼𝐼𝐼𝐼𝐶𝐶𝐶𝐶𝐼𝐼𝐼𝐼𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 𝐸𝐸𝐸𝐸𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸

Boiler
Input Energy;

1. kWthermal, input

Useful Energy;

1. Steam 

Enthalpy.

2. Hot Water 

Enthalpy.

𝐿𝐿𝐿𝐿𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝐼𝐼𝐼𝐼 𝐸𝐸𝐸𝐸𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑃𝑃𝑃𝑃𝐶𝐶𝐶𝐶𝐸𝐸𝐸𝐸
=
𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑈𝑈𝑈𝑈𝐶𝐶𝐶𝐶 𝐸𝐸𝐸𝐸𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 (𝐿𝐿𝐿𝐿𝑈𝑈𝑈𝑈𝑃𝑃𝑃𝑃𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶)𝐼𝐼𝐼𝐼𝐶𝐶𝐶𝐶𝐼𝐼𝐼𝐼𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 𝐸𝐸𝐸𝐸𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 (𝑊𝑊𝑊𝑊𝑃𝑃𝑃𝑃𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈)

Preview of some of the slides. This Module has 6 Slides.

Download the full module here

https://meetmed.org/wp-content/uploads/2019/09/3.1.-Energy-Performance-Assessment-of-Equipment-and-SMEs-Khaled-El-Farra.pdf
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VIII. Economic Analysis and Project 
Financing

Mina ADLY - Energy Expert, RCREEE

Summary of the Presentation

The presentation focused on the basics for the financial analysis, the capital structure 

available for projects on EE in the industrial sector as well as on the most important 

types of budgeting techniques that are commonly used in most of the feasibility studies. 

The participants gained in-depth knowledge on the following topics: Economic and 

financial aspects of EE projects; Project life cycle cost concept and basics of dy-

namic economics calculation for comprehensive EE investment projects; calculating 

own energy performance/energy supply contracting projects and business evalu-

ation models of EE programs and project returns and risks. Gained this knowledge 

and skills other than practicing real examples and case studies made possible to 

explain how to calculate annual energy output, costs and revenues of EE programs 

for industrial SMEs. 

Main conclusions are: 

• Solvency ratios measure the ability of the industry to meet long-term obligations. 

Main ratios include debt and coverage indicators.

• Profitability ratios measure the aptitude of the industry to generate profits 

from revenue and assets. This includes profitability and return on investment 

indicators.

• Ratios are combined in general to better understand the project profitability and 

e�ciency.

• The outputs of financial analysis provide valuable inputs into forecasts of future 

profitability and EE measures e�ciency.
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The Module’s Contents

• Main pillar of calculations

- Inflation rate

- Time value of money

• Future value

• Present Value

- Interest rate

• Simple interest rate

• Compound interest rate

• Capital Structure & Cost of Capital

• Capital Budgeting Techniques

. 5

Interest Rate

Types of Interest

Year Simple Compounded

0 100 100

1 110 110

2 120 121

3 130 133.1

4 140 146.4

5 150 161

6 160 177.15

. 9

Present Value (PV) The current value of a future sum of 

money or stream of cash flows given a specified rate of 

return.

Equation: 

PV = FV / (1+ i)n

Where:

PV: Present Value

FV: Future Value

i: Interest Rate

n: Number of periods 

Time Value of Money

. 12

Mixed Stream – Investment case
Example:

Year Cash Flows

0 (100,000)

1 20,000

2 35,000

3 55,000

4 40,000

5 30,000

Initial 

Investment

Revenues

Discounted Present Value (Discounted total Cash 

Flows)

= 20,000 /(1.2)1 + 35,000 /(1.2)2 + 55,000 

/(1.2)3 +

40,000 /(1.2)4 + 30,000 /(1.2)5

= 104 147

Required Return 

(R.R) = 20%

. 13

Capital Structure: is how a firm finances its overall 

operations and growth by using different sources of funds. 

Cost of Capital: the required return necessary to make a 

capital budgeting project, such as building a new factory or 

buying a new machinery.     

Capital Structure & Cost of Capital

Cost of 

debt

Cost of 

Equity

Cost of Capital (Debt to Equity)

Loan

s
Bond

s
P.

S

C.

S

. 15

Capital budgeting consists of various techniques used by 

managers in order to evaluate the profitability of the project 

such as:

1. Payback Period.

2. Return on Investment.

3. Discounted Payback Period.

4. Net Present Value.

5. Internal Rate of Return.

6. Profitability Index.

Capital Budgeting Techniques

. 18

Capital Budgeting Techniques

Year Cash Flows

0 (200,000)

1 60,000

2 90,000

3 110,000

4 75,000

5 85,000

Total ∑ = 420,000

Example:

Discounted Cash Flows

(200,000)

=(60,000)/(1.2126)1 = 49,480

=(90,000)/(1.2126)2 = 61,208

=(110,000)/(1.2126)3 = 

61,694

=(75,000)/(1.2126)4 = 34,689

=(85,000)/(1.2126)5 = 32,421

∑ = 239,492Calculate the four types of capital Budgeting Techniques and 

select from them the most important technique for taking the 

decisions?

Required Return 

(R.R) = 21.26%

Preview of some of the slides. This Module has 20 Slides.

Download the full module here

https://meetmed.org/wp-content/uploads/2019/09/2.1.-Economic-Analysis-and-Project-Financing_Mina-Adly.pdf
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IX. Measurement and Verification 
(M&V)

Khaled A. EL FARRA – PhD, GM Senior EE expert, RCREEE

Summary of the Presentation

This presentation covered in a very simple approach the projects financing, the Energy 

Service Companies (ESCOs), the Independent Service Providers (ISP) to energy e�-

ciency and renewable energy technologies. Furthermore, the di�erent contractual 

issues related to the energy-based projects were presented.

The Energy based Projects from the contractual perspective need the Measurement 

and Verification (M&V) protocols. This M&V was presented in detail to the trainees to 

get the knowledge about the procedures required in order to prove the anticipated 

energy savings post the implementation of any energy saving opportunity.
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The Module’s Contents

• How to Finance EE/RE Projects? 

• Guaranteed Saving

• Shared Savings Contract

• Comparing Guaranteed vs. Shared 

Savings

• Chau�age Contracts

• Measurements and Verification (M&V)

• International Performance 

Measurement and Verification 

Protocol (IPMVP)

• Concepts and Methodology for 

M&V

• M&V Formula Adjustment Factors

• M&V Costs

. 3

Guaranteed Saving

. 6

Shared Savings Contract

. 11

Choosing the Right Contract

. 15

Constant or Variable Energy Use?

� Baseline and post-installation energy use constant:

� Example: Lighting project where operating hours 
do not change during term of agreement.

� Baseline and post-installation energy use vary:

� Example: HVAC project where occupancy 
changes during term of agreement.

� Baseline energy use constant and post-installation 
use variable:

� Example: Lighting occupancy sensors installed 
change operating hours.

. 21

Option C

� Applicable ECMs:

– Any/All Within a Metered Building or Group

� Well Suited for:

– Projects Where Savings are Projected to be > 10 to 20%

– Aggregation of Various ECMs Within a Metered Building or 

Group

– Fast Track Projects

– Owner Unwilling to Assume Savings Risk

. 25

M&V Costs

M&V Approach

Typical Costs

(% of ECM Cost)

Option A,  Spot Measurement:

Key performance factors (e.g., lighting wattage or chiller efficiency) are determined with spot

or short-term measurements. Operational factors (e.g., lighting operating hours or cooling ton-

hours) are stipulated. Performance is verified annually.

1 - 5%

Primarily dependent on quantity of measurement

points.

Option B, Continuous Measurement: 

Savings are determined by continuous measurements taken throughout the term of the

contract at the device or system level. Performance and operations factors are monitored.

3 - 10%

Primarily dependent on qty. & type of system(s)

measured, and the duration of metering & analysis.

Option C,  Utility Bill Comparison: 

Savings are determined at the “whole-building” or facility level using current year and

historical utility meter or sub-meter data.

1 – 10%

Primarily dependent on qty. & complexity of

parameters in analysis.

Option D,  Calibrated Simulation: 

Savings are determined through simulation of facility components and/or the whole facility.

3 – 10%

Primarily dependent on qty. & complexity of systems

being evaluated

Preview of some of the slides. This Module has 26 Slides.

Download the full module here

https://meetmed.org/wp-content/uploads/2019/09/3.2.-Measurement-and-Verification-Khaled-El-Farra.pdf
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X. Demand Side Management 
Programs 

Khaled A. EL FARRA – PhD, GM Senior EE expert, RCREEE

Summary of the Presentation

The Demand Side Management is a program that is being initiated on the national 

level of the country. The main objective is to maintain the electrical power system at a 

certain peak demand in accordance with the national planning to meet the growth in 

demand. Also, at the consumer level, if the tari� is applied against the demand charge 

besides the energy charges, it is highly important to reduce the peak demand inside 

the facility.

The di�erent approaches regarding the demand management were discussed in 

detail, by providing examples for the demand side management programs worldwide.
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The Module’s Contents

• Why Demand Side Management?

• Demand Profile

• Ways to reduce Peak Demand

• Common Approaches for DSM

• Steps to Design DSM Programs

• Utilities Driven Programs

. 2

Why Demand Side Management?

� Securing Demand versus Supply.

� Enhancement and Optimization of the investment at 

Supply Side.

� Restructuring for Demand and Energy Tariffs.

� Setting the corrective actions for Energy Performance 

Schemes.

� Upgrade to the Supply Side Loading Factor.

. 3

Demand Profile

12:00

AM

1:00

AM

2:00

AM

3:00

AM

4:00

AM

5:00

AM

6:00

AM

7:00

AM

8:00

AM

9:00

AM

10:00

AM

11:00

AM

12:00

PM

1:00

PM

2:00

PM

3:00

PM

4:00

PM

5:00

PM

6:00

PM

7:00

PM

8:00

PM

9:00

PM

10:00

PM

11:00

PM

Supply

Demand

. 5

Ways to reduce Peak Demand

� Energy Efficient Programs.

� Efficient Appliances.

� Load Shifting/Shaving.
– Shift Peak loads if possible to off peak.

– Shave the peak demand through shutdown of non essential loads.

� Energy Storage Approaches during off peak (Thermal);
– Cooling Load.

– Heating Load.

. 6

Common Approaches for DSM

Peak Clipping

Valley Filling

Load BuildingConservation

Load Shifting

. 7

Steps to Design DSM Programs

Development of necessary infrastructure for implementation

Load research and load profiling

Market survey

Consumer awareness and marketing programme

Regulatory approval

Development & implementation of DSM programme

Development & implementation of DSM bidding process

Monitoring & evaluation of DSM programme

. 8

Utilities Driven Programs

� Tariff Reforms

� Load Management Directives

� Public awareness campaigns

� Funding Options for DSM

� Sector specific programmes in residential, commercial,

industrial sectors.

Preview of some of the slides. This Module has 8 Slides.

Download the full module here

https://meetmed.org/wp-content/uploads/2019/09/3.3.-Demand-Side-Management-Khaled-El-Farra.pdf
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XI. Experience exchange and best 
practices on promoting EE in the 

industrial sector 

Enrico BIELE – Energy Expert, ENEA

Summary of the Presentation

The presentation illustrated ENEA strategy in promoting EE and Italian government’s 

policies and priorities for the industrial sector related to strengthening and streamlin-

ing the white certificates scheme and promoting EE of SMEs by renewing schemes for 

co-funding energy audits and EMS.

The presentation highlights main challenges linked to EE promotion including:

• Monitoring, verification, control and compliance

• Interaction and possible overlapping with other policies

• Industry is hard to manage but contains a huge cost/e�ective potential

• Provide and allocate an adequate budget for training and dissemination activities, 

market analysis.

• Encourage the use of ISO 50001 Energy management systems and incentivize 

the participation of certified ESCOS and professionals.

The session presents detailed energy auditing phases and reporting as well as guide-

lines for monitoring and evaluation systems.
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The Module’s Contents

• Energy Policy for Industries and 

Enterprises

• Energy Audits policy 

implementation

www.meetmed.org

Energy Efficiency Obligation Schemes: White Certificates

in Italy
Industrial plant energy framework (tree shape)

17

Level B – LB

Level C – LC

Level D – LD

Level A – LA

Plant Info

+

General output and energy 

consumption

General 

output

Depar

tment  

n.1

Depar

tment

n.x

A. S. 

n.1

G. S. 

n.1

Main 

Activities

Auxiliary 

Systems 

General 

Systems

G. S. 

n.x

A. S.   

n. x

Vj Vj Vj

Vj Vj Vj Vj Vj Vj

G.O S.O G.O

General 

output

General 

output

G.O G.O G.O G.OS.O S.O S.O S.O S.O

PlantVj
General 

output

G.O. General output

S.O Specific output.

www.meetmed.org

Building up industry KPIs

20

• Finding a relation between parameters in the scattered graph: energy consumption and

output (linear relation in first approach)

• Evaluate acceptance criteria

Linear regression

www.meetmed.org

Level of monitoring coverage for industrial sector

27

Energy consumption in the 

reference year (toe/year)

Main 

Activities

Auxiliary 

systems

General 

Systems

> 10.000 85% 50% 20%

8900 10000 80% 45% 20%

7800 8899 75% 40% 20%

6700 7799 70% 35% 20%

5600 6699 65% 30% 20%

4500 5599 60% 25% 10%

3400 4499 55% 20% 10%

2300 3399 50% 15% 10%

1200 2299 45% 10% 5%

100 1199 40% 5% 5%

www.meetmed.org

Energy audits policy implementation results

www.meetmed.org

Energy audits policy implementation results

www.meetmed.org

Preview of some of the slides. This Module has 32 Slides.

Download the full module here

https://meetmed.org/wp-content/uploads/2019/09/2019-12-meetMED-Biele-Cairo.pdf
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Katerina SFAKIANAKI – Energy expert, CRES

Summary of the Presentation

The session presents The STEAM UP Project a Case Studies from SME Industries in 

Greece that aims to promote EE measures in steam system of industries. Main pro-

jects activities are:

• Development of comprehensive guidelines for the implementation of energy audits 

in steam systems (based on EN 16247).

• Compilation and elaboration of training material concerning energy e�ciency 

measures in steam systems.

• A capacity building program that includes training and coaching-on-the-job of over 

500 energy auditors, ESCOs, internal energy managers and energy management 

training providers.

• Implementation of 75 energy audits in industries in Austria, Czech Republic, 

Denmark, Germany, Greece, Italy, Netherlands and Spain.

Main findings of Steam-up project are:

• Due to the lengthy and sustained recession, most of the SME’s are understa�ed 

and the process engineers have an extremely heavy workload. As a result of this, 

day-to-day management is of primary importance whilst energy e�ciency is of a 

fairly low priority.

• Routine maintenance is regularly performed on the more crucial productive 

machinery whilst only non-routine maintenance is usually performed for the steam 

systems.

• The steam systems have a significant energy saving potential with the 

implementation of low-cost measures.

• None of the industries had energy management systems (e.g. EN ISO 50001).
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The Module’s Contents

• Scope of the project

• Main project activities

• Energy audits in 10 SME industries 

in Greece

• General Findings

• Leaks

• Insulation

• Steam Traps

• Steam Boilers

• Flue Gas Economizers

• Boiler Blow-Down

• Deaeration of Make-Up Water

• Steam Condensate Tank

• Steam Accumulator

www.meetmed.org10

INSULATION 

60% of the

inspected plants

had numerous

surfaces that

were not

properly

insulated.

Uninsulated steam boiler (back-

end)

Uninsulated piping

Uninsulated collector and valves Uninsulated tanks

www.meetmed.org15

STEAM 

BOILERS

Fuel Natural Gas

Boiler Efficiency 93,3%

Excess air 2,6%

2 0,5%

C 2 11,59%

CO 535 ppm

Flue gas 

temperature
215 0C

Fuel LPG

Boiler Efficiency 83,7%

Excess air 105%

2 10,7%

C 2 6,7%

CO 0 ppm

Flue gas temperature 268 0C

50 % of the steam boilers inspected using a flue gas analyzer were

inadequately maintained, resulting in relatively low efficiencies and relatively

high flue gas temperatures.

Example 1

-meter installed, high burner

efficiency, excessive O2

adjustment, reasonable flue gas

temperature

Example 2

Low burner efficiency, high

excess air, high flue gas

temperature (?)

www.meetmed.org19

FLUE GAS ECONOMIZERS

• Even though many of the steam boilers had relatively high flue gas

temperatures whose heat could be recovered, only 10% of the inspected

steam boilers had installed flue gas economizers (heat exchangers used

to either pre-heat the make-up water of the steam boiler or used directly in

the plant processes).

www.meetmed.org22

Inspection of the electrical

conductivity of the water in the

steam boiler (which indicates the

concentration of impurities). In most

cases it was found that the conductivity

was either well below or well above the

steam boiler threshold.

Example of poorly maintained and

old steam distribution systems (i.e.

galvanized steel piping) resulting in the

deposition of filings. As a result of this

inspection, one of the inspected plants

commenced the gradual replacement of

the pipes with stainless steel pipes.

www.meetmed.org26

Example of the heat content of rejected condensate not being used.

The condensate resulting from the use of steam in the expansion of

Polystrene in moulding machines is rejected due to the chemical impurities

contained within.

www.meetmed.org28

DEAERATION OF MAKE-UP WATER

Only in 10% of the inspected plants is flash steam from boiler

blowdown and condensate return used to de-aerate the make-up water

using flash condensing deaerator heads.

Preview of some of the slides. This Module has 34 Slides.

Download the full module here

https://meetmed.org/wp-content/uploads/2019/09/4.3.meetMED_-STEAM-UP-SFAKIANAKI-2_-katriena.pdf


Energy audits in Industrial Small to Medium sized Enterprises (SMEs)

  39

Countries presentation: Algeria, Jordan, Lebanon, 
Morocco and Tunisia

The course included regional experience exchange between meetMED targeted coun-

tries, in planning and implementing EE plans and related measures for industrial SMEs and 

delivers proven best practices for optimizing energy-intensive equipment and systems. It 

also presented di�erent financial schemes and funds implemented in meetMED countries 

to promote sustainable energy deployment and boost energy e�ciency in industrial sector.

Algeria covered:

• The National Program for Energy Management “PNME”

• The objectives expected from the implementation of energy audits

• The Indirect approach of energy audits

• Voluntary agreements for energy audits

• The ISO 50001 System

• The support actions and capacity building

Jordan covered:

• The REEE II TA support in the industrial sector

• The SMEs projects supported by JREEEF

• The main points of the Jordanian case study 

• MED test II in Jordan (Video on Switch-med’s support in the industrial sector in Jordan) 

Lebanon covered:

• The National Renewable Energy Action Plan

• The National Energy E�ciency Action Plan

• NEEREA Initiative

• The Development of ESCOs

Morocco covered:

• The Moroccan Agency for energy e�ciency role and initiatives

• The Energy in the Industrial context

• The EE Regulatory framework 

• The RE-EE financing facility (MORSEFF)

• The EE Actions of AMEE in industrial sector 

Tunisia covered:

• The National Energy Policies context 

• The National Energy Management Policy

• The Financial and Incentive Framework of ME

• 30|30 strategy 

• The context of the energy audits in Tunisia
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meetMED Secretariat - c/o MEDENER

Rue de Namur 72, 1000 Bruxelles 

@meetmed1info@meetmed.org 

This publication is a product of the meetMED (Mitigation Enabling Energy 

Transition in the Mediterranean region) project which is funded by the European 

Union and jointly implemented by the Mediterranean Association of the National 

Agencies for Energy Management (MEDENER) and the Regional Centre for 

Renewable Energy and Energy E�ciency (RCREEE). The conclusions of this report 

result from the analysis of the Country Policy Papers prepared by the meetMED 

Regional Expert Network (REN) – a network composed by experts coming from 

13 Mediterranean countries – the aim of which is to support national governments 

in the implementation of EE and RE policies enhancing national programmes 

and frameworks in the region. Since 2012, the eight target countries (Algeria, 

Egypt, Jordan, Lebanon, Libya, Morocco, Palestine and Tunisia) have improved 

their energy e�ciency and renewable energy sectors, having put in place long-

term national energy strategies that set ambitious targets for energy savings 

and renewable energy penetration. Nevertheless, several challenges still hinder 

the development of EE and RE, particularly related to governmental, technical 

or information aspects. This report identifies a set of recommendations that can 

be implemented to promote the development of both sectors. Awareness of the 

population for EE and RE benefits should be one of the main objectives of the 

countries since the lack of knowledge is a clear barrier to the dissemination of 

good practices. Regional cooperation should be encouraged to facilitate the 

energy transition in the Southern and Eastern Mediterranean Countries (SEMCs) 

– cooperation will accelerate the implementation of common measures and help 

overcome shared barriers.
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