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1. [bookmark: _Toc212017361][bookmark: _Hlk212017727]Course 2 for Domain 1-2 – Efficiency and energy management for infrastructures
1.1. [bookmark: _Toc212017362]Course specification
	Course Title:
Energy efficiency and management for industry

	Domain:
SQUARES Domain 1-2 – Efficiency and energy management for infrastructures

	Credits:
6 ECTS

	Level:
Graduate (Master’s level) or final-year Bachelor’s

	Target Audience:




Prerequisites:
· Basic thermodynamics, heat- and mass-transfer, and fluid mechanics
· Fundamentals of electrical circuits
· Fundamentals of rotating machinery
· Mathematics (calculus, linear algebra, basic statistics) and spreadsheet/data-analysis tools
· Optional: Elementary programming or scripting (e.g., MATLAB / Python) for numerical problem-solving
Course aim:
To develop the technical, economic and digital competencies needed to map, analyse and optimise energy use in industrial plants, enabling students to lead cost-effective decarbonisation and efficiency programmes across different industrial sectors.
Short description:
The course delivers a plant-wide perspective on industrial energy flows, covering utilities such as steam, thermal-fluid, compressed-air, refrigeration and electrical-drive systems. Learners acquire auditing techniques, pinch analysis, digital-twin modelling and techno-economic appraisal methods to identify and justify energy-saving measures. Modules emphasise waste-heat recovery, cogeneration, electrification and the integration of on-site renewables, supported by hands-on exercises with industrial datasets and software. A capstone project tasks student teams with solving a real factory challenge: from data collection through to an investment-grade business case, thus ensuring a balanced blend of theory and practice.
Learning outcomes
Knowledge-based outcomes
By the end of the course, students will be able to:
•	Identify the major energy-using utilities in a typical industrial plant and describe their main components.
•	Explain common loss mechanisms such as leaks, throttling, poor insulation and part-load operation.
•	State basic safety considerations when measuring temperature, pressure and electrical power.
•	Outline simple economic metrics (kWh cost, annual energy bill, payback) for screening efficiency options. 
•	Explain technologies for waste-heat recovery, cogeneration, electrification and advanced process control.
Describe and discuss the function of different industrial processes and their energy use
•	Describe key Industry 4.0 components (IIoT hardware, digital twins, big-data platforms) and their role in industrial energy efficiency
•	Discuss environmental and economic impacts of alternative utility-supply and decarbonisation options.
•	Interpret ISO 50001/50002 and related standards for industrial energy-management systems.
Skill-based outcomes
Students will be able to:
· Collect reliable temperature, pressure and electrical-power data using safe measurement practices.
· Model baseline consumption and “what-if” scenarios with RETScreen® or equivalent tools.
· Apply pinch screening to detect high-level heat-recovery opportunities.
· Estimate energy savings, capital cost, operating cost and simple payback for proposed measures.
· Use CMMS or equivalent software to extract maintenance history and link reliability findings to energy performance.
Competency-based outcomes
· Integrate technical measures, maintenance strategy and management standards into a coherent energy-improvement plan.
· Prioritise efficiency projects by balancing energy savings, capital cost, payback, production risk and environmental impact. 
· Prepare a concise pre-audit report ranking efficiency options by cost, savings and ease of implementation.
· Integrate real-time digital-twin analytics into an ISO 50001 energy-management cycle and justify investment in sensor infrastructure to management
· Communicate findings clearly to production managers and finance staff.
· Work effectively in cross-disciplinary teams, integrating technical, economic and environmental arguments.
1.2. [bookmark: _Toc212017363]Course modules
The course is composed of a set of 10 thematic modules covering industrial energy audits, utilities, digitalisation, igital twins, waste-heat recovery and economics. Each module is defined by its learning focus, total hours, and keywords summarizing core concepts and competencies. The structure ensures a balanced approach between theoretical knowledge and applied practical sessions.
	#
	Title
	Hours (Lecture + Practical)
	Keywords

	1
	Introduction to Industrial Energy Use
	2 + 2
	Energy bills, Sankey charts, KPIs, benchmarking levels

	[bookmark: _Hlk202176073]2
	Resource audit. Energy Audit. Standards 
	4+4
	ISO 50001 & 50002, EN 16247, audit scope, baseline, reporting, data integrity, load-profile logging,  field measurements, instrument types, logger setup, data quality, safety

	3
	Management of Industrial Infrastructure   
	3+ 3
	Asset-management principles, ISO 55000,  reliability-centred maintenance, CMMS, Demand-response strategies; peak-shaving via scheduling organizational roles, interdisciplinary and soft skills

	4
	Thermal-Fluid and Steam Systems
	3 + 3
	Boiler efficiency, condensate return, insulation, process–product interactions

	5
	Motors, Drives and Mechanical Loads
	3 + 3
	IE classes, variable-speed drives, load profiles, system curves

	6
	Compressed-Air Systems Cooling, Refrigeration
	3 + 3
	Compressor control, leak detection, pressure drop, cooling towers, COP, set-point tuning

	7
	Waste-Heat Recovery. Heat pumps, Thermal Energy Storage
	3 + 3
	Heat-exchanger types, temperature pinch, simple heat cascade, thermal-energy storage (sensible, latent)

	8
	Industry 4.0.  Modelling Tools
	3 + 3
	RETScreen®, CoolPack, Python/Excel templates, Digital twin concept,  IIoT sensor streams Predictive-maintenance dashboards, Scenario,  sensitivity analysis

	9
	Economic and Environmental Analysis
	3 + 3
	kWh-to-money conversion, LCOE, CO₂ factors, payback, risk, LCA

	10
	Integrated Pre-Audit Project
	2 + 10
	Walk-through, data capture, opportunity ranking, presentation

	TOTAL hours
	66
	
	



1.3. [bookmark: _Toc212017364]Lectures
Each module is divided into lecture and practical sessions. The lectures introduce key theoretical concepts, while the practical sessions emphasize applied learning through case studies, analytical tasks, and data-driven exercises. Together, they aim to build both technical proficiency and problem-solving abilities using real-world scenarios and computational thinking.
	Lecture (№ + title)
	Key content
	Practical / exercise

	1. Introduction to Industrial Energy Use
	· Global and EU industrial-energy trends 
· Energy-efficiency indicators for the industrial sector 
· Renewable vs non-renewable energy sources and their environmental impact 
· Utility breakdown (steam, electricity, compressed air, refrigeration) 
· Electricity supply chain losses and energy vs demand charges 
· Sankey-diagram basics 
· KPI and benchmark hierarchy
	· Analyse three sample factory bills 
· Build a simple Sankey in Excel 
· Compare KPIs with best-practice data

	2. Resource audit. Energy Audit. Standarts
	· Audit types: walk-through vs investment-grade
· ISO 50001 / 50002 / EN 16247 process flow
· Defining scope & boundaries
· Baseline and adjustment factors
· Sensor principles: temperature, pressure, flow, power
· Logger configuration & memory management
· Data-quality checks & gap-filling
· Electrical & confined-space safety
	· Draft an audit checklist for a case factory
· Map data sources and audit timeline
· Create a 12-month baseline from sample utility data
· Set up portable loggers and download measurements
· Identify and correct bad data points

	3 Management of Industrial Infrastructure
	· Asset-management concepts; ISO 55000 framework
· Reliability-centred maintenance (RCM) principles
· Failure-mode & criticality prioritisation
· CMMS data structure & dashboards
· Organisational roles and cross-functional coordination
· Change-management & communication skills
	· Analyse a CMMS demo dataset and flag critical assets
· Develop a maintenance-strategy map for key utilities
· Role-play: presenting an energy-management plan to shop-floor staff

	4. Thermal-Fluid and Steam Systems
	· Boiler types and combustion losses 
· Direct vs indirect efficiency methods 
· Steam-trap functions and failure modes 
· Condensate-return economics 
· Insulation-thickness guidelines 
· Linking steam use to product quality and energy costs
	· Calculate boiler efficiency from flue-gas data 
· Demonstrate trap testing 
· Estimate insulation heat losses

	5. Motors, Drives and Mechanical Loads
	· Motor efficiency classes IE1–IE4 
· Affinity laws and load matching 
· Variable-speed drives hardware and control 
· Pump / fan system curves 
· Maintenance and alignment impacts 
· Interdisciplinary coordination with mechanical and electrical teams
	· Measure motor load with a power meter 
· Program a VSD and record a speed–power curve 
· Plot a system curve and find the optimum point

	6. Compressed-Air Systems Cooling, Refrigeration
	· Demand profiles and leak impact 
· Compressor control modes 
· Pressure-drop economics 
· Vapour-compression basics and COP 
· Cooling-tower approach and cycles of concentration
	· Perform an ultrasonic leak survey on a mock rig 
· Calculate the annual cost of leaks 
· Analyse a chiller log and tune set-points

	7. Waste-Heat Recovery. Heat pumps. Thermal energy storage
	· Classifying heat sources: process, exhaust, cooling water 
· Heat-exchanger selection 
· Temperature-pinch concept and composite curves 
· Industrial heat pumps: compression, absorption 
· Cascade integration with renewable and non-renewable heat
· Thermal-energy storage: sensible (water, rock), latent (PCM), thermochemical
· Charging / discharging cycles and integration with WHR
· Organic Rankine Cycle overview
	· Pinch screening of a multi-stream plant (Excel)
· Size a TES tank and plate heat exchanger
· Evaluate COP, storage efficiency and payback for combined HP + TES retrofit

	8. Industry 4.0 Modelling Tools
	· RETScreen workflow: inputs, reports 
· CoolPack refrigeration modules 
· Digital twin architecture: edge devices, cloud/OPC-UA, time-series databases
· Industry 4.0 technologies: IIoT sensors, MQTT, big-data pipelines, AI anomaly detection
· Python / Excel templates for quick models 
· Scenario and sensitivity analysis
	· Guided RETScreen case: steam-trap upgrade 
Model a chiller in CoolPack 
· Build a simple digital-twin dashboard: connect a virtual temperature sensor via MQTT to an online time-series chart
· Write a Python tariff-sensitivity loop
· Build an Excel model to compare monthly bills before/after power-factor correction under a demand-charge tariff

	9. Economic and Environmental Analysis
	· Converting kWh to €: tariff structures 
· LCOE and simple payback 
· NPV and IRR calculation 
· Carbon factors: scope 1 and scope 2 
· Life-cycle assessment boundaries 
· Environmental impact of energy sources 
· Risk and sensitivity plotting
	· Calculate payback and NPV for a VSD retrofit 
· Estimate CO₂ savings for condensate return 
· Evaluate environmental trade-offs between product / process options

	10. Integrated Pre-Audit Project
	· Project briefing, team roles, grading rubric 
· Opportunity-sheet template and presentation tips 
· Emphasis on interdisciplinary, soft and technical skills
	· Walk-through of a training plant (or video) 
· Data capture and rapid analysis 
· Prepare a 10-minute presentation and 5-page report


1.4. [bookmark: _Toc212017365]Teaching and assessment methods
Teaching and learning Methods
This course employs a blended and applied teaching approach that integrates theoretical lectures with practical sessions, hands-on modelling tasks, and interdisciplinary project work. The teaching strategy is designed to promote deep learning, critical thinking, and the practical application of knowledge using real-world renewable energy challenges.
Teaching formats
The course uses the following delivery formats:
· Lectures (theory sessions) – introduce fundamental principles, concepts, and technologies (28 hours)
· Practical sessions (hands-on / applied learning) – include exercises, simulations, data analysis, system modelling, and case-based problem solving (28 hours)
· Project work (practical sessions, 10 hours) 
Learning methods
The course applies a mix of the following learning strategies:
	Method
	Description

	Case-based learning
	Real-life scenarios are used to connect theory to practice (e.g. e.g. analysing six months of steam-trap failure data from a dairy plant and quantifying the resulting energy, environmental impact of equipment replacement)

	Problem-based learning
	Students engage with open-ended challenges such as meeting a 15 % electricity-savings target on a plastics-extrusion line without increasing cycle time or scrap rate


	Hands-on modelling and data analysis
	Exercises with spreadsheet tools and open-source simulation environments (RETScreen®, CoolPack, Python/Pandas notebooks) that use authentic inputs like hourly meter logs and  market tariff schedule.

	Project-based teamwork
	Final modules involve group work to co-design an integrated pre-audit action plan for a mid-scale food-processing factory, including payback ranking, Gantt schedule and a 10-minute management pitch to executives

	Interdisciplinary collaboration
	Tasks may involve perspectives from engineering, finance, environmental compliance and production operations to balance energy savings with budget, safety and throughput



Digital and Blended Delivery
This course is designed to be flexible and can be delivered in:
· Traditional in-person mode
· Blended learning (online lectures + in-person practical sessions)
· Fully online (with adaptation of modelling and project components)
All practical activities should be adaptable for low-cost or open-access tools to ensure broad institutional compatibility.
Teaching and learning methods per module
The following table details the teaching and learning methods applied in each course module. While lectures provide foundational knowledge, each module includes interactive or applied components such as simulations, data analysis, case studies, and project-based activities, tailored to the technical and economic focus of the content. The approach ensures alignment with the course’s learning outcomes and supports practical skill development across disciplines.

	Module #
	Title
	Teaching & Learning Methods

	1
	Introduction to Industrial Energy Use
	Lecture; Energy-bill Analysis Workshop; KPI Benchmarking Quiz

	2
	Resource audit. Energy Audit. Standards
	Lecture; Audit-Planning Workshop; Instrumentation Lab; Baseline Construction Exercise

	3
	Management of Industrial Infrastructure
	Lecture; CMMS Case Study; Maintenance-Strategy Mapping; Role-Play Communication Session

	4
	Thermal-Fluid and Steam Systems
	Lecture; Steam-System Clinic; Boiler-Efficiency Calculation; Insulation-Loss Estimation

	5
	Motors, Drives and Mechanical Loads
	Lecture; VSD Lab; Motor Load Measurement; System-Curve Plotting

	6
	Compressed-Air Systems Cooling, Refrigeration
	Lecture; Ultrasonic Leak Survey; Chiller Log Analysis; Set-Point Tuning Exercise

	7
	Waste-Heat Recovery. Heat pumps. Thermal energy storage
	Lecture; Pinch-Analysis Workshop; Heat-Pump & TES Sizing Case; COP calculation.

	8
	Industry 4.0 Modelling Tools
	Lecture; Digital-Twin Simulation; RETScreen & CoolPack Exercises; Scenario & Sensitivity Modelling

	9
	Economic and Environmental Analysis
	Lecture; Spreadsheet Financial Modelling; Life-Cycle Assessment (MET Matrix); Monte-Carlo Risk Analysis

	10
	Integrated Pre-Audit Project
	Team Field Project; Data Collection; Opportunity Ranking; Management Presentation & Peer Review



Assessment
The assessment emphasizes continuous evaluation through practical session performance and a summative final assessment in the form of a project or written exam. This ensures that both technical skills and theoretical knowledge are assessed in line with the course learning outcomes.
	Assessment Component
	Description
	Weight

	Practical session assessments
	Each practical activity is assessed individually through short reports, calculations, or design tasks. Together, they evaluate applied understanding across all modules.
	60%

	Final assessment
	Option a: Final project: Design and feasibility analysis of a renewable energy system (preferred for interdisciplinary or group work)
Option b: Written exam: Covers key theoretical and applied knowledge from across modules
	40%



Grading will be based on:
· Correctness of calculations and modelling
· Depth of analysis (technical, economic, environmental)
· Use of appropriate tools or data
· Quality of presentation or reporting
· Evidence of critical thinking and creativity
· Contribution to group work (if applicable)
1.5. [bookmark: _Toc212017366]Recommended Literature and Tools
Literature is selected to support both theoretical understanding and applied design skills across all modules. Tools are suggested flexibly to suit institutional availability, with a preference for open-source and widely accessible software.

Core Reading Materials
These textbooks provide foundational knowledge across all the topics covered in the course:
1. Mehmet Kanoglu & Yunus A. Cengel (2020). Energy Efficiency and Management for Engineers. McGraw-Hill Education. ISBN: 9781260459094. https://www.accessengineeringlibrary.com/content/book/9781260459098
2. Markus Blesl & Alois Kessler (2022). Energy Efficiency in Industry. Springer.  https://www.amazon.com/Energy-Efficiency-Industry-Markus-Blesl/dp/3662639254
3. Thollander, Patrik, Karlsson, Magnus, Rohdin, Patrik, Rosenqvist, Jakob, Johan Wollin, (2020) Introduction to Industrial Energy Efficiency 1 Elsevier , https://www.sciencedirect.com/book/9780128172476/introduction-to-industrial-energy-efficiency 

Module-Specific Supplementary Literature
These resources support deeper exploration by topic:
1. Al Thumann, William J. Younger & Terry Niehus (2012). Handbook of Energy Audits (9th Edition). Fairmont Press / CRC Press.  https://www.routledge.com/Handbook-of-Energy-Audits-Ninth-Edition/Thumann-Niehus-Younger/p/book/9781466561625

Tools and Digital Resources
The course promotes flexible use of modelling and simulation tools based on student access and institutional support:

	Category
	Examples
	Purpose

	Spreadsheet modeling
	Microsoft Excel, Google Sheets, LibreOffice Calc
	Baseline creation, simple-payback & NPV, tariff-sensitivity tables, LCOE for retrofit options

	Energy-audit calculators
	DOE EnPI Lite, ISO 50001 “Ready” Navigator (free web tools)
	KPI tracking, audit workflow checklists, normalising production data (Module 2)

	Process & utility simulation
	RETScreen (heat/CHP), CoolPack (refrigeration), DOE Steam System Modeler, DOE AirMaster+
	Techno-economic evaluation of boilers, chillers, compressed-air and cogeneration systems (Modules 4-7)

	Pinch & heat-integration tools
	PinCH, Aspen Energy Analyzer (licensed), Excel Composite-Curve macro
	Composite-curve plotting, heat-exchanger network design, waste-heat recovery sizing (Module 7)

	Digital-twin / IIoT platforms
	Node-RED, Azure Digital Twins (cloud twins—free student credits available)
	Real-time data acquisition, dashboarding and predictive-maintenance analytics for Industry 4.0 labs (Module 8)

	Python data-analysis libraries
	Scikit-learn, Pandas
	Load-profile analytics, anomaly detection, tariff forecasting and Monte-Carlo risk (Modules 8 and 9)

	Power-quality software
	Fluke PowerLog, PQView
	Harmonic, power-factor and demand-charge analysis for motor/transformer studies (Module 5  and 6)

	Open industrial datasets
	Region and country national statistical datasets, IE tables
	Benchmarking against regional best practice, scenario inputs for coursework and the pre-audit project



Journals and Reports
Recommended research journals

· 
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· Applied Energy (Elsevier)
· Energy Conversion and Management (Elsevier)
· Journal of Cleaner Production (Elsevier)
· Energy Efficiency (Springer Nature)
· Energy Policy (Elsevier)
Recommended reports
· Odyssee-Mure data base and reports (only Europe)
· Reports and publications by IEA TCP Industrial Energy-Related Technologies and Systems

1.6. [bookmark: _Toc212017367]Courses and frameworks used in course design
The development of this course has been guided by established European frameworks and exemplary academic programs in the field of Energy and Industry. The content, structure, and learning outcomes were based on recognized skill classifications, as well as high-quality curricula from leading technical universities in Europe.
Examples
· Riga Technical University course Analysis and Optimization of Machines, Structures and Technological Processes https://stud.rtu.lv/rtu/discpub/oe.35072 
· TalTech old course Energy Processes in Industry https://ois2.taltech.ee/uusois/aine/EES5210 
· TalTech course  Energy Efficiency and Process Optimisation https://ois2.taltech.ee/uusois/aine/EIS4040 
· KTH course KE2010 Industrial Energy Processes https://www.kth.se/student/kurser/kurs/kursplan/KE2010-20192.pdf?lang=en  
· Linköping University course Industrial Energy Systems, https://studieinfo.liu.se/en/kurs/TMES21/vt-2025#syllabus 
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