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1. [bookmark: _Toc212017361][bookmark: _Toc212017753]Course 1 for Domain 1-2 – Efficiency and energy management for infrastructures
1.1. [bookmark: _Toc212017754]Course specification
	Course Title:
Energy efficiency and management on buildings

	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: students in Civil Engineering, Mechanical Engineering, Energy Technology or Environmental Engineering. 
Secondary audience: HVAC designers, energy auditors, facility managers and architects



Prerequisites:
Students should have prior knowledge of:
· Basic thermodynamics, heat- and mass-transfer, fluid mechanics, insulation and HVAC systems
· Fundamentals of building physics
· 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 equip future engineers with the skills to analyse, design, and manage high-performance buildings that minimize energy use while safeguarding indoor comfort and health.
Short description:
The course provides an interdisciplinary perspective, bridging building envelope design, technical building systems, and energy management. Students will learn the principles of building energy balances and calculation methods, explore state-of-the-art energy efficiency technologies, and understand how to implement optimal energy management solutions in both design and operation phases of buildings. graduates of this course will be prepared to design sustainable, nearly zero-energy buildings and to optimize existing buildings through effective energy management and retrofit strategies

1.2. [bookmark: _Toc212017755]Learning outcomes
Knowledge-based outcomes
By the end of the course, students will be able to:
· Explain the principles of heat transfer, energy balances and indoor-climate physics that govern building performance.
· Describe current EU/national energy-performance requirements, nearly-zero-energy (nZEB) targets, certification schemes (EPC) and key indoor-climate standards.
· Identify the roles of building-envelope elements, HVAC subsystems, controls and renewable technologies in overall energy efficiency.

Skill-based outcomes
Students will be able to:
· Calculate a building’s annual energy demand (heating, cooling, ventilation, lighting, DHW) using both manual balance methods and simulation tools.
· Conduct a structured energy audit: gather data, analyse loads, detect inefficiencies and use measurement equipment/software where appropriate.
· Design and size envelope upgrades or HVAC/control solutions that reduce energy use while maintaining indoor comfort.
· Perform economic assessments—payback, NPV, LCC—for alternative energy-saving measures and rank them by cost-effectiveness.

Competency-based outcomes
· Integrate building physics, systems design and economic appraisal to propose coherent energy-management strategies for both new and existing buildings.
· Critically evaluate multiple retrofit or design options, balancing energy, comfort, sustainability and cost to reach sound engineering decisions.
· Communicate findings and recommendations clearly in professional reports and presentations, demonstrating teamwork and project-management responsibility.
1.3. [bookmark: _Toc212017756]Course modules
The course is composed of a set of 10 thematic modules covering building‐energy and indoor-climate fundamentals, passive and active efficiency strategies, performance modelling, smart energy management, economic appraisal, and audit-based retrofit planning. 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.
	Module #
	Title
	Hours (Lecture + Practical)
	Keywords

	1
	Introduction. Energy Use in the Built Environment
	2+2
	Energy balance, climate data, sustainability targets, Sankey charts, KPIs

	[bookmark: _Hlk202176073]2
	Heat- & Moisture-Transfer Fundamentals
	3+3
	Conduction, convection, radiation, vapour diffusion, calculation methods

	3
	Indoor Environmental Quality & Comfort
	3+3
	PMV/PPD, IAQ, CO₂, daylight, acoustics, solar geometry, shading, natural ventilation, passive cooling

	4
	Building Envelope Systems
	3+3
	Insulation, glazing, thermal bridges, airtightness

	5
	High-Efficiency HVAC & Service Systems
	3+3
	Heat pumps, ERV, efficient lighting, controls

	6
	Waste-Heat Recovery. Thermal Energy Storage
	3+3
	Heat-exchanger types, temperature pinch, simple heat cascade, thermal-energy storage (sensible, latent)

	7
	Building Automation & Energy Management
	3+3
	BMS, IoT sensors, data analytics, demand response

	8
	Energy Modelling & Simulation
	4+4
	ISO 52016 monthly method, dynamic simulation, calibration. Tools (IDA-ICE, EnergyPlus)

	9
	Economic & Life-Cycle Assessment
	3+3
	LCC, NPV, payback, environmental indicators

	10
	Energy Audit Project & Retrofit Strategies

	2+10
	Audit process, diagnostics, nZEB renovation packages. Case-study presentations, student audit projects

	TOTAL hours
	66
	
	



1.4. [bookmark: _Toc212017757]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.
	Lectures
	Lecture
	Practical

	1. Energy Use & Policy Context
	• Global/EU building-energy trends
• Primary vs. delivered energy, kWh/(m²·a) metrics
• EPBD, nZEB, decarbonisation targets
	• Retrieve local climate data and compute heating-degree-days
• Break down a sample building’s annual energy bill into end-uses

	2. Heat & Moisture Fundamentals
	• Conduction, convection, radiation refresher
• Heat/energy flow
• Vapour diffusion & psychrometrics
	• U-value calculation
•  Simplified building energy-flow balance
• Plot psychrometric states and identify condensation risk points

	3. Indoor Environmental Quality
	• Thermal-comfort models (PMV/PPD, adaptive)
• IAQ parameters (CO₂, VOCs), ventilation standards
• Daylight & glare indices
• Climate files, solar geometry, sun-path diagrams
• Passive solar heating & shading optimisation
• Natural & hybrid ventilation, night cooling
	• Calculate required ventilation rate from occupancy & CO₂ limits
• Use PMV formula to assess comfort for a given office scenario
• Draw shading-device dimensions for a given façade orientation
• Size an operable-window area for buoyancy-driven ventilation

	4. Building Envelope 
	• Insulation materials & λ-values
• Thermal bridges and ψ-value concepts
• Airtightness detailing
• High-performance glazing, SHGC, visible transmittance
• Airtightness measurement (blower door basics)
• Moisture control & durability
	• THERM/hand calc of a pier-slab thermal bridge
• Sketch an airtightness strategy for a timber wall
• Interpret blower-door results and calculate n 50


	5. High-Efficiency HVAC & Services
	• Heat-pump cycles, condensing boilers, district interfaces
• Energy-recovery ventilation & demand-controlled airflow
• Efficient lighting & controls
	• Heat-pump sizing for a low-energy house
• Configure supply-air temperature/flow for DCV in a classroom

	6. Waste-Heat Recovery. Thermal Energy Storage
	• Classifying heat sources: process, exhaust, cooling water 
• Heat-exchanger selection 
• Temperature-pinch concept and composite curves 
• 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

	7. Smart Controls & Building Management
	• BMS architecture, BACnet/KNX, IoT overlays
• Continuous commissioning, FDD methods
• Demand-response strategies
	• Analyse a week of BMS interval data, flag anomalies
• Build a simple control logic curve for supply-air reset

	8. Energy Modelling & Simulation
	• ISO 52016 monthly balance method
• Dynamic simulation workflow (EnergyPlus/IDA-ICE)
• Sensitivity & calibration techniques
	• Create a basic single-zone model and compare monthly vs. dynamic results
• Run a parametric study on window-to-wall ratio

	9. Economic & Life-Cycle Assessment
	• Cost estimation of EE measures
• LCC, NPV, IRR, payback
• Embodied carbon & EPDs
	• Build a spreadsheet for three retrofit options (based on the model/simulation), rank by NPV
• Estimate embodied CO₂ for two insulation materials

	10. Energy Audit & Retrofit Planning
	• EN/ASHRAE audit procedures, measurement tools
• Staged nZEB renovation roadmaps
• Reporting & presentation skills
	• Perform a mini-audit on an assigned case-study building (data set provided)
• Present retrofit package with savings & payback to peers



1.5. [bookmark: _Toc212017758]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 (29 hours)
· Practical sessions (hands-on / applied learning) – include exercises, simulations, data analysis, system modelling, and case-based problem solving (27 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. the deep-energy retrofit of a 1970s apartment block in Tallinn)

	Problem-based learning
	Students engage with open-ended challenges such as designing a cost-effective nZEB retrofit strategy for an occupied office building with strict indoor-climate requirements

	Hands-on modelling and data analysis
	Exercises with spreadsheet tools and open-source simulation environments (adaptable to institutional access, e.g., EnergyPlus models paired with Python-based data-analytics notebooks)

	Project-based teamwork
	Final modules involve group work to co-design a comprehensive, integrated energy-efficiency upgrade and management roadmap for a selected case building

	Interdisciplinary collaboration
	Tasks may involve perspectives from engineering, architecture, finance



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. Energy Use in the Built Environment
	• Interactive lecture
• Case-based learning
Quick polls & discussion on global‐energy trends; analyse real building energy bills in pairs to link theory with practice.

	2
	Heat- & Moisture-Transfer Fundamentals
	• Guided problem-solving
• Hands-on calculations
Step-by-step U-value and psychrometric exercises; open-ended task to diagnose condensation risk in a wall detail.

	3
	Indoor Environmental Quality & Comfort
	• Mini-lectures + data workshop
Spreadsheet/Python tools to compute PMV-PPD, CO₂-based ventilation sizing; critique of comfort in a case classroom. Teams optimise façade shading and natural-ventilation areas using climate files and sun-path diagrams.

	4
	Building Envelope Systems	
	• Simulation lab
• Case study review
THERM/HEAT2 modelling of a thermal bridge; review blower-door results from a recent retrofit to draft airtightness fixes.

	5
	High-Efficiency HVAC & Service Systems
	• Interactive lecture
• Scenario modelling
Size a heat-pump and ERV for a low-energy house; debate pros/cons of different control strategies.

	6
	Waste-Heat Recovery. Thermal energy storage
	• Lecture; Pinch-Analysis Workshop; Heat-Pump & TES Sizing Case; COP calculation.

	7
	Building Automation & Energy Management
	• Data-analytics lab
• Problem-solving clinic
Mine BMS interval data for anomalies; draft a simple control logic for supply-air temperature reset.

	8
	Energy Modelling & Simulation
	• Hands-on software workshop
• Parametric study
Build an EnergyPlus/OpenStudio model; run glazing-ratio and orientation sweeps, interpret sensitivity graphs.

	9
	Economic & Life-Cycle Assessment
	• Case-based finance exercise 
• Spreadsheet modelling (based on previous models/simulations)
Compute NPV/LCC for three retrofit options; compare embodied-carbon paybacks of insulation materials.

	10
	Energy Audit Project & Retrofit Strategies

	• Project-based teamwork
• Interdisciplinary collaboration
Groups conduct a mini energy audit of a selected case building, co-design an nZEB-ready retrofit roadmap, and present findings to peers + instructor panel.



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)
1.6. [bookmark: _Toc212017759]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. Hens, H. Building Physics – Heat, Air and Moisture (4th ed., Ernst & Sohn, 2020).
2. Desideri, U. & Asdrubali, F. Energy Efficiency in Buildings: Theory and Practice (CRC Press, 2019).
3. Mehmet Kanoglu & Yunus A. Cengel (2020). Energy Efficiency and Management for Engineers. McGraw-Hill Education. ISBN: 9781260459094. https://www.accessengineeringlibrary.com/content/book/9781260459098 


Module-Specific Supplementary Literature
These resources support deeper exploration by topic:
· Hens, Hugo. Performance Based Building Design (parts 1 and 2)

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

	Category
	Examples
	Purpose

	Whole-Building Energy Simulation
	EnergyPlus, OpenStudio, IDA-ICE, DesignBuilder
	Model heating, cooling, ventilation, lighting and renewables; perform sensitivity studies and compliance checks (Module 7).

	Envelope & Component Heat-Flow Analysis
	THERM, WUFI, Heat2
	Quantify 2-D/3-D thermal bridges, moisture transport and condensation risk for wall, roof and slab details (Modules 2 & 5).

	Spreadsheet & Programming Environments
	Excel / Google Sheets, Python (Pandas, NumPy), JupyterLab
	Rapid calculations (U-values, LCC/NPV), data cleaning, PMV-PPD comfort metrics, and parametric result visualisation (Modules 2–10).

	Building Automation & Data Analytics
	Grafana, Niagara, SkySpark, BACnet-compliant BMS dashboards
	Import and analyse real-time interval data, detect operational faults, and draft control-logic curves (Module 8).

	Climatic Data & Solar-Design Tools
	Climate Consultant, Meteonorm, Ladybug Tools (Grasshopper plug-ins)
	Process TMY weather files, generate sun-path diagrams, compute shading factors and daylight availability (Modules 3 & 4).

	Audit & Diagnostic Instruments
	Infrared camera apps, Testo or FLIR handheld IR cameras, blower-door software, CO₂/temperature data loggers
	Gather on-site evidence of thermal bridges, air leakage and IAQ for the Energy-Audit project (Module 10).

	Life-Cycle & Cost-Analysis Utilities
	BLCC (NIST), OneClick LCA, SimaPro
	Evaluate economic viability and environmental impact (embodied carbon) of retrofit options (Module 9).

	Presentation & Visualization
	PowerPoint / Google Slides, Canva, Tableau Public
	Create clear visuals for interim reviews and final audit-project presentations (Module 10).



Journals and Reports
Recommended research journals

2. 
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1. Energy and Building (Elsevier)
2. Energy (Elsevier)
3. Energy Efficiency (Springer Nature)
4. Sustainable Cities and Society (Elsevier)
5. Energy Policy (Elsevier)
Recommended reports
1. Odyssee-Mure data base and reports (only Europe)
2. [bookmark: _Toc212017760]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 infrastructure. The content, structure, and learning outcomes were based on recognized skill classifications, as well as high-quality curricula from leading technical universities in Europe.
· TalTech course Energy Efficiency and Indoor Climate in Buildings https://ois2.taltech.ee/uusois/subject/EKK5070 
· TalTech course Energy Performance Calculation Methods and Economic Assessment of Buildings https://ois2.taltech.ee/uusois/subject/EEA5041   
· TalTech course Building Envelope Structures https://ois2.taltech.ee/uusois/aine/EEA5011 
· TalTech course Renovation of Buildings http://ois2.taltech.ee/uusois/aine/EEA5030 
· Riga Technical University course Energy Efficiency and Energy Audit of Buildings  https://stud.rtu.lv/rtu/discpub/printDiscEn.31038/EVA708_Energy_Efficiency_and_Energy_Audit_of_Buildings.pdf 
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