RI-ITAC Student Intern Training Modules
Module 1: Introduction to Energy and Power, Electricity, and Industrial Assessments
Energy and Power
Understanding energy and power is fundamental to grasping how industrial facilities operate and consume resources.
· Fundamental Concepts of Energy and Energy Use:
· Energy is the capacity to perform work, such as moving an object or generating heat.
· Energy Use in industrial settings involves consuming resources like electricity, natural gas, or oil to power machinery, lighting, heating, and other processes.
· Forms of Energy in Industrial Facilities:
· Electrical Energy: Powers machines, lighting, and electronic equipment.
· Thermal Energy: Used for heating processes, boilers, and furnaces.
· Mechanical Energy: Drives motors, pumps, and fans.
· Chemical Energy: Stored in fuels and released during combustion for various processes.
· Relationship Between Energy and Power:
· Power is the rate at which energy is used or transferred.
· The relationship is defined as:
· Energy (E) = Power (P) × Time (t)
· For example, using a 100-watt (W) light bulb for 10 hours consumes:
· E = 100 W × 10 hours = 1,000 watt-hours (Wh) or 1 kilowatt-hour (kWh)
· Units of Energy and Power and Their Conversions:
· Energy Units:
· Joule (J): Standard unit of energy.
· Watt-hour (Wh): Commonly used for electrical energy. Typically, kWh are used, where 1 kWh = 1,000 Wh.
· British Thermal Unit (BTU): Often used in heating and cooling industries.
· Therm: A unit of energy typically used for natural gas. 
· Power Units:
· Watt (W): Standard unit of power.
· Horsepower (hp): Used for mechanical power; 1 hp = 746 W.
· Conversions:
· 1 Wh = 3,600 J
· 1 BTU = 1,055 J
· 1 kWh = 3,412 BTU
· 1 Therm = 100,000 BTU
· Typically, when we want to quantify the entire energy consumption of a facility, we convert electrical energy (kWh) and natural gas potential energy (Therms) into BTU, sum them, and report in MMBTU, where 1 MMBTU = 1,000,000 BTU
· Energy and Power Example:
· A manufacturing plant uses a 50 kW motor to power a conveyor system for 8 hours daily. The energy consumed in one day is:
· Energy = Power × Time = 50 kW × 8 hours = 400 kWh.
· Over 30 days, the monthly energy consumption would be:
· 400 kWh/day × 30 days = 12,000 kWh.


Flow of Energy Through a System
Energy systems in industrial settings follow a typical flow that includes input energy, system efficiency, wasted energy, and usable output energy. Understanding this flow is critical for identifying inefficiencies and optimizing operations.
1. Input Energy:
· The energy supplied to a system, often in the form of electricity, natural gas, or other fuels.
· Example: A natural gas boiler receives chemical energy stored in the fuel.
2. System Efficiency:
· The ratio of usable output energy to the input energy, expressed as a percentage.
· High-efficiency systems convert a greater portion of input energy into useful work.
· Formula:
 
· Example: A motor with 90% efficiency converts 90% of electrical input energy into mechanical work, with the remaining 10% lost as heat.
3. Wasted Energy:
· Energy lost during the process, often as heat, vibration, or unproductive work.
· Wasted energy arises due to system inefficiencies, such as friction, electrical resistance, or poorly maintained equipment.
· Example: In a steam turbine, some energy is lost as heat escaping through the system's components.
4. Usable Output Energy:
· The energy that successfully performs the desired task or work.
· Example: A conveyor belt system converts electrical input energy into mechanical energy that moves materials efficiently.

Example of Energy Flow
Consider a system where 1,000 joules of input energy is provided to an industrial pump:
· Input Energy: 1,000 joules (chemical energy from fuel or electrical energy from the grid).
· System Efficiency: 80% (a high-efficiency pump with minimal losses).
· Usable Output Energy: 
Usable Output Energy=Input Energy×Efficiency=1,000 J×0.80=800 J.
· Wasted Energy: 
Wasted Energy=Input Energy−Usable Output Energy=1,000 J−800 J=200 J.
· Wasted energy is typically lost as heat, vibration, or noise in the system.

Strategies to Minimize Wasted Energy:
· Improving Maintenance: Ensure equipment is well-maintained to reduce friction and wear.
· Upgrading Equipment: Replace outdated or inefficient components with modern, energy-efficient models.
· Insulation: Prevent heat loss in boilers, pipes, and other thermal systems.
· Energy Recovery Systems: Install systems to capture and reuse wasted energy, such as heat recovery units.
Understanding and optimizing the flow of energy helps industrial facilities reduce energy costs, improve sustainability, and enhance productivity.




Electricity
Electricity is a vital energy source in industrial facilities, powering a wide range of equipment and processes.
· Key Definitions and Concepts:
· Voltage (V): The electrical potential difference between two points.
· Current (I): The flow of electric charge, measured in amperes (A).
· Resistance (R): Opposition to the flow of current, measured in ohms (Ω).
· Power (P): The rate of electrical energy consumption, calculated as:
· P = V × I (for single phase power)
· P = V × I x  (for three phase power)
· Consumption (kWh) vs. Demand (kW):
· Consumption:
· Measured in kilowatt-hours (kWh), representing the total energy used over time.
· For example, running a 10 kW machine for 2 hours results in:
· Energy Consumption = 10 kW × 2 hours = 20 kWh
· Demand:
· Measured in kilowatts (kW), indicating the rate of energy use at a specific moment.
· Utilities often charge based on peak demand, as it affects grid stability.
· Power Factor and Its Components:
· Power Factor (PF):
· A measure of how effectively electrical power is being used.
· Defined as the ratio of real power to apparent power:
· PF = Real Power (kW) / Apparent Power (kVA)
· Real Power (kW):
· Actual power performing useful work.
· Reactive Power (kVAR):
· Power that oscillates between the source and load, not performing useful work but necessary to maintain voltage levels.
· Apparent Power (kVA):
· Combination of real and reactive power, representing the total power supplied.
· Real Power (kW), Apparent Power (KVA), and Reactive Power (kVAR)  are related via:

· Reactive Power in Industrial Settings:
· Concern:
· High reactive power leads to a low power factor, causing inefficiencies and higher utility charges.
· Inductive Reactive Power:
· Caused by equipment like motors and transformers, which create magnetic fields.
· Capacitive Reactive Power:
· Caused by devices like capacitor banks, which create electric fields.
· Management:
· Installing capacitors to counteract inductive reactive power can improve power factor.
· Load Factor:
· Definition:
· Ratio of average load to peak load over a specific period.
· Indicates the consistency of power usage.
· Importance:
· A higher load factor signifies efficient and stable energy use, leading to lower costs.
Electricity Example:
· A facility has a peak demand of 200 kW but only operates at an average load of 100 kW. The load factor can be calculated as:
· Load Factor = (Average Load / Peak Load) × 100
· Load Factor = (100 kW / 200 kW) × 100 = 50%.
· This low load factor suggests inconsistent energy usage, leading to potential inefficiencies.



Industrial Assessments
Industrial assessments are evaluations aimed at identifying opportunities for improving energy efficiency and productivity in manufacturing facilities.
· History of the Industrial Assessment Center (IAC) Program:
· Establishment:
· Initiated by the U.S. Department of Energy (DOE) in 1976 to assist small and medium-sized manufacturers.
· Evolution:
· Originally known as Energy Analysis and Diagnostic Centers, later renamed Industrial Assessment Centers.
· In 2023, the program expanded to include community colleges and trade schools, becoming the Industrial Training and Assessment Centers (ITAC) program. 

· Industrial Energy Consumption in the United States:
· Overview:
· The industrial sector is a significant energy consumer, accounting for approximately 32% of total U.S. energy consumption.
· Energy Sources:
· Utilizes a mix of electricity, natural gas, petroleum, and renewable sources.
· Efficiency Potential:
· Significant opportunities exist to improve energy efficiency, reduce costs, and lower environmental impact.
· Industrial Assessment Process:
· Steps Involved:
1. Pre-Assessment:
· Collect preliminary data, such as energy bills, facility layout, and equipment details.
· Understand the goals and key challenges faced by the facility.
2. On-Site Assessment:
· A team of engineers and students visits the site to observe processes, identify energy inefficiencies, and take measurements.
· Common areas of focus include lighting systems, HVAC systems, compressed air systems, and motor efficiency.
3. Analysis and Reporting:
· Data collected during the on-site visit is analyzed to determine potential improvements.
· A detailed report is created that outlines recommended actions, expected savings, and implementation costs.
4. Implementation Assistance:
· The facility may receive guidance to implement the recommended changes effectively.
5. Follow-Up:
· Evaluate the effectiveness of implemented recommendations and identify further opportunities for optimization.

