CONTENTS

AIR CONDITIONING - ENERGY CONSUMPTION AND
ENVIRONMENTAL QUALITY

AIR CONDITIONING -
ENERGY CONSUMPTION AND
ENVIRONMENTAL QUALITY

Edited by Mattheos Santamouris

ENCYCLOPEDIA OF
LIFE SUPPORT SYSTEMS

Air Conditioning - Energy Consumption and
Environmental Quality - Volume 1

No. of Pages: 400

ISBN: 978-1-84826-169-3 (eBook)

ISBN: 978-1-84826-619-3 (Print Volume)

For more information of e-book and Print

Volume(s) order, please ¢lick here

Or_contact : eolssunesco@gmail.com

©Encyclopedia of Life Support Systems (EOLSS)


https://www.eolss.net/ebooklib/bookinfo/air-conditioning-energy-consumption-environmental-quality.aspx

AIR-CONDITIONING: ENERGY CONSUMPTION AND ENVIRONMENTAL QUALITY

CONTENTS

Air Conditioning - Energy Consumption and Environmental Quality 1
Mattheos Santamouris, University of Athens, Greece

1. Introduction
2. Techniques to Reduce the Use of Air-Conditioning
2.1. Passive Cooling Techniques
3. Penetration of Air-Conditioning
4. Urbanization and Cooling Demands of Buildings
4.1. District Cooling and Demand Side Management Techniques
5. Technology Improvements of Room Air-Conditioners (RAC)
6. Rehabilitating the HVAC System
7. Ventilation of Buildings
8. Natural Ventilation in Buildings as an Alternative to Conventional Cooling
9. Ventilation for Indoor Air Quality
10. Conclusion
Systems and Equipment for Space Heating 24

Pericles Koronakis, T.E.l. of Piraeus, Greece

1.
2.

Introduction
Heating devices and systems, a short historical follow up
2.1. Fireplaces
2.2. Local Space Heaters
Energy sources for space heating
3.1. Fossil Fuels
3.2. Electricity
3.3. Geothermal Energy
3.4. Hybrid Energy Sources
3.5. Solar Energy
Thermal insulation, a must in energy savings
4.1. Insulation Materials
4.2. Energy Savings
Conventional space heating systems and design considerations
5.1. Central Space Heating Equipment
5.2. Design Considerations
Instruments and control devices usually found in space heating systems
6.1. Adjustments made on Heat Production Components
6.2. Heat Distribution Components
Passive and active solar space heating systems, solar energy collection and storage
7.1. Active Solar Space Heating Systems
7.2. Passive Solar Space Heating Systems
7.2.1. Direct Gain Systems
7.2.2. Indirect Gain Systems
7.2.3. Sunspaces, Solar Greenhouses
Geothermal energy utilization space heating systems
Some simple heat-recovery energy-saving systems

Temperature and Humidity Conditions for Premises and Buildings 60
Irene P. Koronaki, Center for Renewable Energy Sources, Greece

1.

Composition of atmospheric air
1.1. Pollution and Air Pollutants
1.2. Effect of Humidity on the Temperature of Indoor Air

©Encyclopedia of Life Support Systems (EOLSS)



AIR-CONDITIONING: ENERGY CONSUMPTION AND ENVIRONMENTAL QUALITY

1.3. Downgrading of the Quality of Air due to the Presence of People
1.4. Motion of Air
1.5. Temperature of the Objects in the Room
Temperature & humidity measurement instruments
2.1. Temperature Measurement Instruments

2.1.1. Thermocouples

2.1.2. Resistance Thermometers

2.1.3. Bimetallic Thermometers
2.2. Humidity Detectors

2.2.1. Relative Humidity Sensors

2.2.2. Dew-point Sensors
Thermal sensation and comfort in heated areas
3.1. Parameters affecting Thermal Comfort
3.2. Thermal Equilibrium of the Human Body
3.3. Comfort Indicators
3.4. Calculation of Thermal Comfort

Co-Generation 79
Irene P. Koronaki, Center for Renewable Energy Sources, Greece

1.
2.

o s

General aspects
The present and the future of co-generation
2.1. Contribution of Co-generation to the Power Generation and District Heating
2.2. Co-generation Perspectives
Modern co-generation techniques
3.1. Steam Turbine Systems
3.1.1. Co-generation Systems with Back Pressure Steam Turbine
3.1.2. Co-generation Systems with Extraction Steam Turbine
3.2. Gas Turbine Systems
3.2.1. Open-cycle Gas Turbine Systems
3.2.2. Closed-cycle Gas Turbine Systems
3.3. Systems with Reciprocating Internal Combustion Engine
3.4. Combined-cycle Systems
3.5. Rankine Bottoming Cycles with Organic Fluids
3.6. Standardized Co-generation Units ("Packages")
3.7. Fuel Cells
3.8. Stirling Engines
Operation modes of co-generation systems
Applications of co-generation
5.1. Public Power System
5.2. Industrial Sector
5.3. Commercial- Building Sector
5.4. Agricultural Sector
Advantages and disadvantages of co-generation
6.1. Fuel Consumption Effects
6.2. Public Electricity System Effects
6.3. Environmental Effects

District Heating 97
Irene P. Koronaki, Center for Renewable Energy Sources, Greece

1.
2.
3.

Why district heating?

Heating plant central unit

Design of district heating systems
3.1. Thermal Energy Demand
3.2. Thermal Energy Generation

©Encyclopedia of Life Support Systems (EOLSS) i



AIR-CONDITIONING: ENERGY CONSUMPTION AND ENVIRONMENTAL QUALITY

3.3. Water-steam Heat Distribution Piping System

3.4. Design of the Heat Distribution Network
3.4.1. Central Energy Distribution System
3.4.2. District Distribution System

4, Cost issues
5. Environmental issues
Low Capacity Space Heating Systems 113

Irene P. Koronaki, Center for Renewable Energy Sources, Greece

1. Heaters
1.1. Power Heaters
1.2. Heaters operating on Solid, Liquid or Gas Fuel
2. Fireplaces
2.1. The Fireplace in the Modern Residence
2.2. Combustion Chamber
2.3. Thermodynamic Fireplaces
3. Air heaters
3.1. Water or Vapor Air Heaters
3.2. Furnaces
4. Autonomous heating units
4.1. Autonomous Units operating on Solid Fuels
4.2. Furnaces operating on Firewood
4.3. Autonomous heating Units operating on Fuel Oil
4.4. Autonomous Heating Units operating on Fuel Gas
5. Heat accumulators
6. Heating by power conductors incorporated in the floor, walls or ceiling
6.1. Power Heating incorporated in the Floor
6.2. Power Heating incorporated in the Ceiling

Heat Pumps for Space Heating 130
Irene P. Koronaki, Center for Renewable Energy Sources, Greece

1. General Principles
1.1. Background
1.2. Principle of Operation of a Heat Pump
1.3. Thermodynamic Study of a Heat Pump
Heat Pump Technology
3. Heat pump components
3.1. Heat Exchangers
3.2. The Compressor
3.3. The Motor
3.4. The Working Fluid
3.5. Automation Systems
4. Types of Heat Pumps
Applications of heat pumps
6. Advantages and disadvantages of heat pumps

N

o

Ventilation Systems 149
Constantinos A. Balaras, National Observatory of Athens, Greece

Introduction

Ventilation Systems

Indoor Environmental Quality
Thermal Comfort

ropNPE

©Encyclopedia of Life Support Systems (EOLSS) iii



AIR-CONDITIONING: ENERGY CONSUMPTION AND ENVIRONMENTAL QUALITY

4.1. Influencing Parameters
4.2. The Comfort-PMV Theory
4.3. Comfort and Behavior
4.4. Recent Research Activities
5. Acoustical Comfort
5.1. Outdoor Sources
5.2. Internal Sources
5.3. Ventilation and Acoustical Comfort
5.3.1. Acceptable Noise Levels
5.3.2. Noise from HVAC Systems
5.3.3. Noise Attenuating Measures
6. Indoor Air Quality
6.1. Ventilation and IAQ
6.1.1. The VRP Procedure
6.1.2. The IAQ Procedure
6.2. Ventilation Control Strategies
6.3. Humidity and IAQ
7. Energy Conservation

Indoor Air Quality
Constantinos A. Balaras, National Observatory of Athens, Greece

1. Introduction
2. Sick Buildings
3. Air Pollution Sources
3.1. Indoor Pollutants
3.1.1. Asbestos
3.1.2. Formaldehyde
3.1.3. Radon
3.1.4. Volatile Organic Compounds (VOCs)
3.1.5. Tobacco Smoke
3.2. Outdoor Pollutants
4. The Role of Ventilation

Natural Ventilation
Constantinos A. Balaras, National Observatory of Athens, Greece

1. Introduction
2. Wind Data and Climatic Conditions

2.1. Pressure Difference

2.2. Temperature Difference

2.3. Combined Wind and Temperature Effects
3. Simulation Tools

3.1. Empirical Models

3.2. Network Models

3.3. Computational Fluid Dynamic (CFD) Models
4. Experimental Work

4.1. Single-Side Ventilation

4.2. Cross Ventilation

4.3. Openings with Obstructions
5. Research Activities

Mechanical Ventilation and Equipment
Constantinos A. Balaras, National Observatory of Athens, Greece
1. Introduction

©Encyclopedia of Life Support Systems (EOLSS)



AIR-CONDITIONING: ENERGY CONSUMPTION AND ENVIRONMENTAL QUALITY

2. Systems

3. Equipment
3.1. Controls

4. Air Distribution
4.1. Ductwork

4.2. Air Diffusion—Circulation

Space Loads & Energy Conservation
Constantinos A. Balaras, National Observatory of Athens, Greece

1. Introduction
2. Calculation of Ventilation Loads
3. Energy Conservation
3.1. Heat Recovery Systems
3.2. Energy Recovery Systems

Filters & Maintenance
Constantinos A. Balaras, National Observatory of Athens, Greece

Introduction

Filter Characteristics
Types of Filters
Maintenance

el NS

Temperature and Humidity Balance of Premises
Athanassios A. Argiriou, National Observatory of Athens, Greece

Principles of Heat Transfer in Buildings

Heat Sources and Heat Sinks in Premises

Humidity Sources and Humidity Sinks in Premises

Principles of Psychrometry — Definitions

The Psychrometric Chart

Enthalpy Changes - Relations between Temperature and Humidity
Systems for Humidification — Dehumidification

Nogak~owdhPRE

Refrigeration and Cryogenic Systems
Agis M. Papadopoulos, Aristotele University Thessaloniki, Greece
Christopher J. Koroneos, Aristotele University Thessaloniki, Greece

1. General Characteristics of Refrigeration and Cryogenic Installations
1.1. The Ideal Vapor-Compression Refrigeration Cycle
2. Actual Vapor-Compression Refrigeration Cycles
2.1. Selecting the Right Refrigerant
2.2. Heat Pump Systems
2.3. Multistage Compression Refrigeration Systems
2.3.1. Example
2.3.2. Solution
2.4. Multipurpose Refrigeration System with a Single Compressor
3. The Absorption Cycle
3.1. The Lithium Bromide - Water Absorption Cycle
3.2. Single Effect Systems
3.3. Double Effect Systems
3.4. The Aqueous Ammonia Absorption Cycle
4. Gas Refrigeration Cycles

©Encyclopedia of Life Support Systems (EOLSS)

264

283

296

310



AIR-CONDITIONING: ENERGY CONSUMPTION AND ENVIRONMENTAL QUALITY

5. Cryogenic Installations and Gas Liquefaction
5.1. The Linde Liquefier
5.2. The Claude Liquefier
6. Heat Exchangers for Producing Low Temperatures
6.1. Types of Heat Exchangers used for Cryogenic Purposes
6.2. Coil-Tube Heat Exchangers
6.3. Switching Regenerators
6.4. Reversing Heat Exchangers
6.5. Compact Heat Exchangers

Index

About EOLSS

©Encyclopedia of Life Support Systems (EOLSS)

341

349

Vi



