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The Career Technical Education (CTE) Model Curriculum Standards publication is organized for use
as a complete document or for access to individual industry sectors and pathways. The document
includes Standards for Career Ready Practice—which describe the knowledge and skills that students
need prior to entering a career technical education program—as part of the career technical educa-
tion sequence or as integrated elements of other course work in preparation for careers and college.

Each of the 15 industry sector sections includes a description, anchor standards, pathway standards,
and an academic alignment matrix. The standards can be adjusted to be part of the curriculum
(grades seven through twelve), provided through adult education, or included in community col-
lege programs. The document also lists the representatives who participated in each sector's content
development and the references that were consulted to revise the CTE standards.

Standards for Career Ready Practice

California's Standards for Career Ready Practice, which follow this overview, are based on the Career
Ready Practices of the Common Career Technical Core (CCTC), a state-led initiative sponsored by the
National Association of State Directors of Career Technical Education Consortium (NASDCTEc):

Career Ready Practices describe the career-ready skills that educators should seek
to develop in their students. These practices are not exclusive to a Career Pathway,
program of study, discipline or level of education. Career Ready Practices should
be taught and reinforced in all career exploration and preparation programs with
increasingly higher levels of complexity and expectation as a student advances
through a program of study. (NASDCTEc 2012, 2)

California's 12 Standards for Career Ready Practice align with the state's CTE anchor standards and
reflect the expectations from business and industry, labor and community organizations, and second-
ary and postsecondary education representatives from 42 participating states.

Anchor Standards

The 11 anchor standards build on the Standards for Career Ready Practice and are common across
the 15 industry sectors. Content for these standards was drawn from several documents: “Preparing
Students for the 21st Century Economy” (American Association of Colleges for Teacher Education
and the Partnership for 21st Century Skills 2010); How Should Colleges Prepare Students to Succeed
in Today's Global Economy? (Association of American Colleges and Universities and Peter D. Hart
Research Associates, Inc. 2006); "Importance of Skills and Knowledge for College and Career
Readiness,” from The MetLife Survey of the American Teacher: Preparing Students for College and
Careers (MetLife, Inc. 2011); and Are They Really Ready to Work? Employers’ Perspectives on the Basic
Knowledge and Applied Skills of New Entrants to the 21st Century U.S. Workforce (The Conference
Board et al. 2006).

Each anchor standard is followed by performance indicators using action verbs from the Beyond
Knowledge Construct, presented in a hierarchical progression of simple tasks to more complex tasks.
Performance indicators provide guidance for curriculum design and standards measurement.
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The industry-sector anchor standards have been customized with selected additions to better reflect
the needs and special conditions of each industry sector.

Anchor Standard 1 (Academics) guides users to sector-specific core academic standards related to
each industry sector, which are listed in the alignment matrix at the end of each sector section.
Anchor standards 2-10 are deliberately aligned with one of the Common Core English language arts
standards, using similar language demonstrating the natural connections between the two subjects.
Anchor Standard 11 (Demonstration and Application) highlights classroom, laboratory, and workplace
learning specific to the individual sector and pathways.

Pathway Standards

All 15 industry sectors contain multiple pathways. In order to be identified and listed for an industry
sector, each pathway had to meet the following criteria:

® unique to an industry sector

® has an occupational focus

® consistent in size and scope

® composed of similar functions

® inclusive of all aspects of the industry

® includes 8-12 pathway-specific standards

® demonstrates sequence potential

® reasonable and appropriate for high school

® |eads to high-skill, high-wage, or high-demand jobs

® sustainable and viable over the next 10 years

Academic Alignment Matrix

Each sector includes an academic alignment matrix that displays where a natural, obvious alignment
occurs. Compiled by five teams of academic content experts in collaboration with industry-sector
consultants, teachers, and other advisers, the alignment was selected if it was determined that the
pathway standard would enhance, reinforce, or provide an application for a specific academic subject
standard.

The alignment matrices include the subjects of Common Core English language arts and mathemat-
ics standards, history/social studies standards, and Next Generation Science Core ldeas. To assist
with further review and implementation, each academic alignment is notated with specific pathway
standards codes.
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Implementation

The Standards for Career Ready Practice can be integrated with a course or incorporated into several
courses over multiple school years (grades seven through twelve). The practices are expectations

for all students, whether they are enrolled in a CTE program or following a more generalized course
sequence. It is expected that all students who exit high school will be proficient in these practices.

The anchor standards are the basis for each of the pathways within each sector. These standards

are designed to assist with the development of course curricula and instructional lesson plans; they
describe what is to be taught and measured. In most cases, the teacher determines the sequence and
strategies to be used to meet the needs of the student population he or she is serving.

The performance indicators that follow each standard offer guidance for both course design and
student assessment. They are intended to guide course work as it is developed. The pathways organize
the standards with a career focus, but they are not designed to be offered as single courses. Rather,
the standards from each pathway are collected and organized into a sequence of learning. To meet
local demands of business and industry and particular student populations, standards can be collected
from more than one sector to create a course.

Using the academic alignment matrices as a resource, academic and CTE teachers can see where
enhancements and support for both sets of standards can be initiated. CTE teachers can quickly iden-
tify academic standards that have a substantial relationship to their instruction. Likewise, academic
teachers can specify individual academic standards and quickly identify related CTE standards, which
will assist them in incorporating application and technology in their curricula and lessons.

The CTE Model Curriculum Standards are intended to serve the entire education community—from
middle schools and high schools to postsecondary colleges and career training programs. A major aim
of these standards is to prepare students for postsecondary education and training and to help them
make a smooth transition into the workforce. In order for both the people and the economy of Cali-
fornia to prosper, it is essential for all students to emerge from schools ready to pursue their career
and college goals. Equipping all high school students with the knowledge and skills necessary to plan
and manage their education and careers throughout their lives will help to guarantee these important
outcomes. Strong CTE programs will continue to provide important educational opportunities to assist
students as they pursue their dreams and strive for economic prosperity. The CTE Model Curriculum
Standards are a resource for educators and the business world for ensuring high-quality CTE learning
experiences and improved student outcomes in the twenty-first-century economy.
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California Standards for Career
Ready Practice

Standards for Career Ready Practice describe the fundamental knowledge and skills that a career-
ready student needs in order to prepare for transition to postsecondary education, career training, or
the workforce. These standards are not exclusive to a career pathway, a CTE program of study, a par-
ticular discipline, or level of education. Standards for Career Ready Practice are taught and reinforced
in all career exploration and preparation programs with increasingly higher levels of complexity and
expectation as a student advances through a program of study. Standards for Career Ready Practice
are a valuable resource to CTE and academic teachers designing curricula and lessons in order to
teach and reinforce the career-ready aims of the CTE Model Curriculum Standards and the Common
Core State Standards.

1. Apply appropriate technical skills and academic knowledge.

Career-ready individuals readily access and use the knowledge and skills acquired through experience
and education. They make connections between abstract concepts with real-world applications and
recognize the value of academic preparation for solving problems, communicating with others, calcu-
lating measures, and other work-related practices.

2. Communicate clearly, effectively, and with reason.

Career-ready individuals communicate thoughts, ideas, and action plans with clarity, using written,
verbal, electronic, and/or visual methods. They are skilled at interacting with others, are active listen-
ers who speak clearly and with purpose, and are comfortable with the terminology common to the
workplace environment. Career-ready individuals consider the audience for their communication and
prepare accordingly to ensure the desired outcome.

3. Develop an education and career plan aligned with personal goals.

Career-ready individuals take personal ownership of their own educational and career goals and man-
age their individual plan to attain these goals. They recognize the value of each step in the educa-
tional and experiential process and understand that nearly all career paths require ongoing education
and experience to adapt to practices, procedures, and expectations of an ever-changing work envi-
ronment. They seek counselors, mentors, and other experts to assist in the planning and execution of
education and career plans.

4. Apply technology to enhance productivity.

Career-ready individuals find and maximize the productive value of existing and new technology to
accomplish workplace tasks and solve workplace problems. They are flexible and adaptive in acquir-
ing and using new technology. They understand the inherent risks—personal and organizational—of
technology applications, and they take actions to prevent or mitigate these risks.
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5. Utilize critical thinking to make sense of problems and persevere in solving
them.

Career-ready individuals recognize problems in the workplace, understand the nature of the problems,
and devise effective plans to solve the problems. They thoughtfully investigate the root cause of a
problem prior to introducing solutions. They carefully consider options to solve the problem and, once
agreed upon, follow through to ensure the problem is resolved.

6. Practice personal health and understand financial literacy.

Career-ready individuals understand the relationship between personal health and workplace perfor-
mance. They contribute to their personal well-being through a healthy diet, reqular exercise, and men-
tal health activities. Career-ready individuals also understand that financial literacy leads to a secure
future that enables career success.

7. Act as a responsible citizen in the workplace and the community.

Career-ready individuals understand the obligations and responsibilities of being a member of a com-
munity and demonstrate this understanding every day through their interactions with others. They are
aware of the impacts of their decisions on others and the environment around them and think about
the short-term and long-term consequences of their actions. They are reliable and consistent in going
beyond minimum expectations and in participating in activities that serve the greater good.

8. Model integrity, ethical leadership, and effective management.

Career-ready individuals consistently act in ways that align with personal and community-held ideals
and principles. They employ ethical behaviors and actions that positively influence others. They have

a clear understanding of integrity and act on this understanding in every decision. They use a variety
of means to positively impact the direction and actions of a team or organization, and they recognize
the short-term and long-term effects that management's actions and attitudes can have on produc-
tivity, morale, and organizational culture.

9. Work productively in teams while integrating cultural and global competence.
Career-ready individuals positively contribute to every team as both team leaders and team members.
They apply an awareness of cultural differences to avoid barriers to productive and positive interac-
tion. They interact effectively and sensitively with all members of the team and find ways to increase
the engagement and contribution of other members.

10. Demonstrate creativity and innovation.

Career-ready individuals recommend ideas that solve problems in new and different ways and con-
tribute to the improvement of the organization. They consider unconventional ideas and suggestions
by others as solutions to issues, tasks, or problems. They discern which ideas and suggestions may
have the greatest value. They seek new methods, practices, and ideas from a variety of sources and
apply those ideas to their own workplace practices.
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11. Employ valid and reliable research strategies.

Career-ready individuals employ research practices to plan and carry out investigations, create solu-
tions, and keep abreast of the most current findings related to workplace environments and practices.
They use a reliable research process to search for new information and confirm the validity of sources
when considering the use and adoption of external information or practices.

12. Understand the environmental, social, and economic impacts of decisions.
Career-ready individuals understand the interrelated nature of their actions and regularly make deci-
sions that positively impact other people, organizations, the workplace, and the environment. They
are aware of and utilize new technologies, understandings, procedures, and materials and adhere to
requlations affecting the nature of their work. They are cognizant of impacts on the social condition,
environment, workplace, and profitability of the organization.

Note: As stated previously, California's Standards for Career Ready Practice are based on the CCTC Career Ready
Practices posted at https://careertech.org/ (accessed June 8, 2016).
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Energy, Environment, and Utilities

Sector Description

This sector is designed to provide a foundation of knowledge and skills in careers
related to energy, environment, and utilities. The pathways emphasize real-world,
occupationally relevant knowledge, skills, and experiences of significant scope and
depth in Environmental Resources, Energy and Power Technology, and Telecommu-
nications. The standards integrate academic and technical preparation and focus
on career awareness, career exploration, preparation for entry to technical-level
employment, and alignment with postsecondary programs focused on energy,

utilities, and related fields.

— Y7
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Energy, Environment, and Utilities

Knowledge and Performance Anchor Standards

1.0 Academics

Analyze and apply appropriate academic standards required for successful industry sector pathway
completion leading to postsecondary education and employment. Refer to the Energy, Environment,
and Utilities academic alignment matrix for identification of standards.

2.0 Communications

Acquire, and accurately use Energy, Environment, and Utilities sector terminology and protocols at
the career and college readiness level for communicating effectively in oral, written, and multimedia
formats. (Direct alignment with LS 9-10, 11-12.6)

2.1 Recognize the elements of communication using a sender-receiver model.
2.2 ldentify barriers to accurate and appropriate communication.
2.3 Interpret verbal and nonverbal communications and respond appropriately.

2.4  Demonstrate elements of written and electronic communication such as accurate spelling,
grammar, and format.

2.5 Communicate information and ideas effectively to multiple audiences using a variety of media
and formats.

2.6 Advocate and practice safe, legal, and responsible use of digital media information and
communications technologies.

3.0 Career Planning and Management

Integrate multiple sources of career information from diverse formats to make informed career
decisions, solve problems, and manage personal career plans. (Direct alignment with SLS 11-12.2)

3.1 |dentify personal interests, aptitudes, information, and skills necessary for informed career
decision making.

3.2 Evaluate personal character traits such as trust, respect, and responsibility and understand
the impact they can have on career success.

3.3 Explore how information and communication technologies are used in career planning and
decision making.

3.4 Research the scope of career opportunities available and the requirements for education,
training, certification, and licensure.

3.5 Integrate changing employment trends, societal needs, and economic conditions into career
planning.

3.6 Recognize the role and function of professional organizations, industry associations, and
organized labor in a productive society.

3.7 Recognize the importance of small business in the California and global economies.

3.8 Understand how digital media are used by potential employers and postsecondary agencies to
evaluate candidates.

3.9 Develop a career plan that reflects career interests, pathways, and postsecondary options.
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4.0 Technology

Use existing and emerging technology to investigate, research, and produce products and services,
including new information, as required in the Energy, Environment, and Utilities sector workplace
environment. (Direct alignment with WS 11-12.6)

4.1  Use electronic reference materials to gather information and produce products and services.

4.2  Employ Web-based communications responsibly and effectively to explore complex systems
and issues.

4.3  Use information and communication technologies to synthesize, summarize, compare, and
contrast information from multiple sources.

4.4  Discern the quality and value of information collected using digital technologies, and
recognize bias and intent of the associated sources.

4.5 Research past, present, and projected technological advances as they impact a particular
pathway.

4.6 Assess the value of various information and communication technologies to interact with
constituent populations as part of a search of the current literature or in relation to the
information task.

5.0 Problem Solving and Critical Thinking

Conduct short, as well as more sustained, research to create alternative solutions to answer a
question or solve a problem unique to the Energy, Environment, and Utilities sector using critical
and creative thinking; logical reasoning, analysis, inquiry, and problem-solving techniques. (Direct
alignment with WS 11-12.7)

5.1  Identify and ask significant questions that clarify various points of view to solve problems.

5.2  Solve predictable and unpredictable work-related problems using various types of reasoning
(inductive, deductive) as appropriate.

5.3  Use systems thinking to analyze how various components interact with each other to produce
outcomes in a complex work environment.

5.4  Interpret information and draw conclusions, based on the best analysis, to make informed
decisions.

6.0 Health and Safety

Demonstrate health and safety procedures, regulations, and personal health practices and determine
the meaning of symbols, key terms, and domain-specific words and phrases as related to the Energy,
Environment, and Utilities sector workplace environment. (Direct alignment with RSTS 9-10, 11-12.4)

6.1 Locate, and adhere to, Material Safety Data Sheet (MSDS) instructions.

6.2 Interpret policies, procedures, and requlations for the workplace environment, including
employer and employee responsibilities.

6.3  Use health and safety practices for storing, cleaning, and maintaining tools, equipment, and
supplies.
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6.4  Practice personal safety when lifting, bending, or moving equipment and supplies.

6.5 Demonstrate how to prevent and respond to work-related accidents or injuries; this includes
demonstrating an understanding of ergonomics.

6.6  Maintain a safe and healthful working environment.

6.7 Review the responsibility of the Occupational Safety and Health Administration (OSHA) to
ensure workplace safety.

6.8 Identify both potential hazards and accident scenarios in the work environment.

6.9 Follow established safety procedures (OSHA regulations and utility company procedures).

6.10 Evaluate changes in the environment with respect to their impact on safety of self and others.
6.11  Comply with energy industry safety procedures and proper ways to perform work.

6.12 Use safety equipment as specified by user manuals and safety training.

6.13  Use personal protective equipment (PPE), including safety glasses, hearing protection, gloves,
work boots, and hard hats.

6.14 Keep personal safety equipment in good working order.
6.15 Use tools and equipment in compliance with user manuals and training.

6.16 Recognize potential and actual hazardous conditions as they arise.

7.0 Responsibility and Flexibility

Initiate, and participate in, a range of collaborations demonstrating behaviors that reflect personal
and professional responsibility, flexibility, and respect in the Energy, Environment, and Utilities sector
workplace environment and community settings. (Direct alignment with SLS 9-10, 11-12.1)

7.1 Recognize how financial management impacts the economy, workforce, and community.

7.2 Explain the importance of accountability and responsibility in fulfilling personal, community,
and workplace roles.

7.3 Understand the need to adapt to changing and varied roles and responsibilities.
7.4  Practice time management and efficiency to fulfill responsibilities.

7.5  Apply high-quality techniques to product or presentation design and development.
7.6 Demonstrate knowledge and practice of responsible financial management.

7.7 Demonstrate the qualities and behaviors that constitute a positive and professional work
demeanor, including appropriate attire for the profession.

7.8 Explore issues of global significance and document the impact on the Energy, Environment,
and Utilities sector.

8.0 Ethics and Legal Responsibilities

Practice professional, ethical, and legal behavior, responding thoughtfully to diverse perspectives
and resolving contradictions when possible, consistent with applicable laws, requlations, and
organizational norms. (Direct alignment with SLS 11-12.1d)

8.1  Access, analyze, and implement quality assurance standards of practice.

‘ EEU | california Career Technical Education Model Curriculum Standards




8.2 Identify local, district, state, and federal regulatory agencies, entities, laws, and regulations
related to the Energy, Environment, and Utilities industry sector.

8.3  Demonstrate ethical and legal practices consistent with Energy, Environment, and Utilities
sector workplace standards.

8.4  Explain the importance of personal integrity, confidentiality, and ethical behavior in the
workplace.

8.5  Analyze organizational culture and practices within the workplace environment.

8.6  Adhere to copyright and intellectual property laws and requlations, and use and appropriately
cite proprietary information.

8.7  Conform to rules and regulations regarding sharing of confidential information, as determined
by Energy, Environment, and Utilities sector laws and practices.

9.0 Leadership and Teamwork

Work with peers to promote divergent and creative perspectives, effective leadership, group dynamics,
team and individual decision making, benefits of workforce diversity, and conflict resolution as prac-
ticed in the SkillsUSA career technical student organization. (Direct alignment with SLS 11-12.1b)

9.1  Define leadership and identify the responsibilities, competencies, and behaviors of successful
leaders.

9.2 Identify the characteristics of successful teams, including leadership, cooperation, collabora-
tion, and effective decision-making skills as applied in groups, teams, and career technical
student organization activities.

9.3 Understand the characteristics and benefits of teamwork, leadership, and citizenship in the
school, community, and workplace setting.

9.4  Explain how professional associations and organizations and associated leadership develop-
ment and competitive career development activities enhance academic preparation, promote
career choices, and contribute to employment opportunities.

9.5 Understand that the modern world is an international community and requires an expanded
global view.

9.6  Respect individual and cultural differences and recognize the importance of diversity in the
workplace.

9.7 Participate in interactive teamwork to solve real Energy, Environment, and Utilities sector
issues and problems.

10.0 Technical Knowledge and Skills

Apply essential technical knowledge and skills common to all pathways in the Energy, Environment,
and Utilities sector.

10.1 Interpret and explain terminology and practices specific to the Energy, Environment, and
Utilities sector.

10.2 Comply with the rules, regulations, and expectations of all aspects of the Energy, Environment,
and Utilities sector.
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10.3 Construct projects and products specific to the Energy, Environment, and Utilities sector
requirements and expectations.

10.4 Coordinate with industry experts for specific technical knowledge and skills.
10.5 Maintain and troubleshoot equipment used in the energy, environment, and utilities industry.

10.6 Identify and evaluate questions that require skilled investigation to solve current problems
cited in literature or media, or observed through personal observations.

11.0 Demonstration and Application

Demonstrate and apply the knowledge and skills contained in the Energy, Environment, and Utilities
anchor standards, pathway standards, and performance indicators in classroom, laboratory, and
workplace settings, and through the SkillsUSA career technical student organization.

11.1  Utilize work-based/workplace learning experiences to demonstrate and expand upon
knowledge and skills gained during classroom instruction and laboratory practices specific to
the Energy, Environment, and Utilities sector program of study.

11.2  Demonstrate proficiency in a career technical pathway that leads to certification, licensure,
and/or continued learning at the postsecondary level.

1.3 Demonstrate entrepreneurship skills and knowledge of self-employment options and innovative
ventures.

1.4 Employ entrepreneurial practices and behaviors appropriate to Energy, Environment, and
Utilities sector opportunities.

11.5  Create a portfolio, or similar collection of work, that offers evidence through assessment and
evaluation of skills and knowledge competency as contained in the anchor standards, pathway
standards, and performance indicators.

‘ EEU | california Career Technical Education Model Curriculum Standards




Energy, Environment, and Utilities

Pathway Standards

A. Environmental Resources Pathway
The Environmental Resources pathway prepares students for employment, postsecondary education,

and/or training in a variety of environmental industries.
Sample occupations associated with this pathway:

Air Quality Technician

Climatologist

Environmental Biologist/Technician/Scientist

Environmental Health and Safety Officer

Hazardous Waste Operations and Emergency Response Technician

A1.0 Identify energy resources and the effects of these resources on the environment.

A11  Classify energy resources by type: depletable, nondepletable, renewable, and
nonrenewable.

A1.2 Discover new and emerging energy resources.

A1.3 Compare the advantages and disadvantages of energy resources in terms of the
effects on the environment.

A1.4 List jobs in the community that result from, or are influenced by, processing and using
energy resources.
A2.0 Identify and describe the global interactive systems and elements that create and sustain
climate.
A2.1 Describe the natural elements that interact to create climate.
A2.2 Identify world climate patterns and summarize factors that affect climate.
A2.3 Analyze the impact of climate upon human activities and needs.
A2.4 Identify the greenhouse effect and climate change.
A2.5 Explain how greenhouse gases are generated.
A2.6 Assess impacts of greenhouse gases on the environment.
A3.0 Evaluate regional interactive systems and elements that create harmful environmental
effects.
A3.1  Describe the sources of, and impacts attributable to, pollution and contamination.
A3.2 Recognize the actions that cause resource depletion.
A3.3 Define the causes of erosion and soil depletion.
A3.4 Describe the attributes and proliferation of hardscape.

A3.5 Identify the sources of, and impacts attributable to, habitat alteration.
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A4.0 Research the environmental implications of energy conversion processes and energy transmis-
sion systems.

A4.1 Define the basic terms, characteristics, and concepts of physical and chemical processes
related to energy conversion.

A4.2 Identify the basic principles of energy systems, including chemical, hydraulic, pneumatic,
electrical, nuclear, solar, wind, and geothermal.

A4.3 Analyze the impacts of energy conversion processes as they relate to activities across
the environment.
A5.0 Identify the role and impact of waste management systems and their operations on the

environment.

A5.1 Understand the role of waste and storm water management systems, their operation,
and their impact on the environment.

A5.2 Explore the causes and effects of pollution linked to wastewater treatment facilities.

A5.3 Identify wastewater treatment processes that lessen environmental impacts and
improve water reuse.

A5.4 Explain the types and sources of hazardous waste and associated safety practices and
legal requirements for handling and disposing of such waste.

A5.5 Design solid waste disposal processes that lessen environmental impacts and improve
recycling.
A6.0 Understand the field of land use management and its potential for environmental impact.
A6.1 Describe the need for, and role of, habitat preservation.
A6.2 Describe the composition, role, and function of ecosystems, including trends affecting
viability.
A6.3 Demonstrate the need for, and methods of, land use planning.
A6.4 Identify the aspects of land use planning and describe current trends.
A6.5 Summarize the relationship between land use planning and energy use and distribution.
A6.6 Explain the laws and regulations pertaining to land use planning.
A6.7 Develop strategies to maximize the effectiveness of land use planning.
A7.0 Research the role of air quality management and systems, their operations, and their impact
on the environment.
A7.1  Understand the elements that create outdoor air quality.
A7.2 Summarize the causes of air pollutants and their chemical composition.
A7.3 Research air pollutants and their threat to human health.

A7.4 Understand U.S. and California laws and regulations related to air pollution control
programs and health effects of air pollution.

A7.5 Describe the basic U.S. Environmental Protection Agency (EPA) and California Air
Resources Board (ARB) roles and regulations.
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A8.0 Implement processes to support energy efficiency.
A8.1 Understand the relationship between power and energy efficiency.

A8.2 Qutline how domestic and industrial appliances and systems affect the environment,
such as water units and heating and cooling systems.

A8.3 Compare costs of alternate/renewable energy sources, systems, and appliances and
traditional energy sources, systems, and appliances.

A8.4 Conduct an energy audit.

A9.0 Research drinking-water sources, systems, treatment, and conservation.
A9.1 Understand water reuse: issues, strategies, technologies, and applications.
A9.2 Analyze strategies for improving energy efficiencies in water collection and distribution.
A9.3 Describe the role of environmental engineering and green energy in water systems.
A9.4 Understand the functions and operations of water storage, reservoirs, aqueducts, and
dams.
A10.0 Evaluate the impact and flow management of storm water, rivers, and groundwater.
A10.1 Understand the designs and tools used in water flow management.
A10.2 Describe watershed modeling.
A10.3 Understand the principles and applications of drainage engineering.
A10.4 Use the Hydrologic Engineering Centers River Analysis System (HEC-RAS).
A10.5 Analyze and interpret contaminated harbor and river sediment.
A10.6 Describe the concerns and strategies for catastrophic storm water events and
management.
A11.0 Prepare an efficient solar heated water design and installation plan.
A11.1 Identify the characteristics of solar heated water design and installation.
A11.2 Describe the requirements of solar water heaters that meet requlations.
A11.3 Describe solar hot water financial support programs and regulations.

A11.4 Analyze efficient solar water heating systems.

A12.0 Identify and analyze issues, legislation, and regulations related to energy and the environment.

A12.1 Identify and discuss major environmental laws and policies, including the requlatory
and legislative processes used to create such laws.

A12.2 Understand current regulations concerning recycling, solid waste, land use management,
water quality, and renewable and nonrenewable energy.

A12.3 Compare and contrast environmental laws and regulations that may have a positive or
negative impact on the environment and the economy.

A12.4 Create an environmental law or regulation and explain how it will impact the
environment.
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Energy, Environment, and Utilities

Pathway Standards

B. Energy and Power Technology Pathway

The Energy and Power Technology pathway provides learning opportunities for students interested in
preparing for careers in the energy and power industries.
Sample occupations associated with this pathway:

’Wé Energy Efficiency Evaluation Specialist

7@ Energy Engineer

=/ Energy Generation/Power Distribution, Maintenance, Inspection, and Repair Technicians

Energy/Building Retrofit Specialist
=\ Plant/Field Weatherization Installer

B1.0 Explore the basic conventional and emerging principles and concepts of the energy industry,
including energy production, energy transmission, and alternative energy technologies.
B1.1 Describe the past, present, and anticipated demand for, and use of, energy.

B1.2 Identify the differences and challenges in energy needs, sources, and uses in developing
regions.

B1.3 Explain the flow of energy from generation through distribution to the customer.
B1.4 Demonstrate an understanding of basic direct current (DC) electrical-circuit skills.
B1.5 Identify the role and function of generation, transmission, and distribution organizations.

B1.6 Explain the different structures of energy companies, including investor-owned utilities,
municipalities (and associated utility practices, such as water/wastewater), electric
cooperatives, and independent power producers and the different lines of energy
business, including electric and gas.

B1.7 Explain the role of regulatory bodies in the energy industry (Federal Energy Regulatory
Commission, Public Utilities Commission [PUC]).

B1.8 Describe the process of electric metering and billing for energy consumption.
B2.0 Identify various conventional electric power generation fuel sources and the cost and efficiency
issues associated with each.

B2.1 Explain the conventional electric power generation system and process (coal, oil,
natural gas, solar, wind, geothermal, and hydroelectric).

B2.2 Explain how each source was created and is used to produce electricity.
B2.3 Evaluate and list the advantages and disadvantages for each energy source.

B2.4 Describe how cost and efficiency rates are determined for each source.

B3.0 Investigate emerging and alternative electric power generation technologies and fuel sources.

B3.1 Explain biomass conversion, including thermal and chemical processes used to produce
electric energy.
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B3.2 Describe the major sources, scale, and impacts of biomass energy.

B3.3 Define biofuels use and production.

B3.4 Explain how nuclear power is used to produce electric energy.

B3.5 Explain the process of nuclear fission.

B3.6 Explain how ocean wave energy is used to produce electric energy.

B3.7 Describe how wave power is harnessed in near shore, offshore, and far shore locations.

B3.8 Explain wave energy technologies (terminator devices, oscillating water column, point
absorbers, attenuators, and overtopping devices).

B3.9 Compare and contrast the advantages and disadvantages of using ocean wave energy
technologies for energy.
B4.0 Understand nonnuclear power generation plant operations (coal, oil, natural gas, solar, wind,
geothermal power, hydroelectric, or biofuel).
B4.1 Explain and use the fundamental laws and principles of electricity and magnetism.

B4.2 Classify the components of electrical generating systems, including boilers, generators,
alternators, turbines, motors, engines, pumps, and switchgear.

B4.3 Discriminate the differences and similarities of power generation, including use of
different fuel types and different power plant uses.

B4.4 Summarize the basic operating principles of fossil, hydroelectric, and internal combus-
tion systems.

B4.5 Describe the location of equipment in the plant, how the equipment operates, and
normal operating parameters.

B4.6 Describe the theory, construction, and application of the mechanical components of
various types of power generation systems.
B5.0 Understand and apply basic knowledge and skills necessary for nuclear power generation and
nuclear power plant personnel.

B5.1 Use the fundamental concepts associated with electricity (e.g., electric charge, electric
current).

B5.2 Understand the components of electrical systems, including switchyard construction,
transformers, relays, circuit breakers, and motors.

B5.3 Explain the basic atomic and nuclear physics terms, unit, definitions, and basic concepts,
including atomic structure, nuclear interactions and reactions, sources of residual
heat/decay heat, and reactor operation.

B5.4 Understand reactor theory and operations.
B5.5 Explain the general design overview of the basic reactor types.
B5.6 Demonstrate understanding of reactor startup and shutdown procedures.

B5.7 Explain the fission process, including the construction of fission product barriers.
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B5.8 Operate, repair, and test machines, devices, and equipment based on electrical or
mechanical principles in order to diagnose machine malfunctions, using basic hand and
small electric tools and equipment.

B5.9 Conduct tests and inspections of products, services, or processes to evaluate quality or
performance.
B6.0 Research methods of energy procurement, transmission, distribution, and storage.
B6.1 Describe the electric power transmission principles and processes.
B6.2 Explain the need for electric distribution systems and how they are designed to operate.
B6.3 Understand the emerging technologies in electric power transmission.

B6.4 Identify electric power transmission equipment and systems.

B7.0 Understand the interrelationships among components of systems.

B7.1 Understand the components and workings of the electric transmission and distribution
network.

B7.2 Understand the components and workings of the gas transmission and distribution
network.

B7.3 Define and explain voltage, current, resistance, power, and energy.

B7.4 Measure voltage, amperage, and resistance using a volt-ohm meter (VOM) and a digital
volt-ohm meter (DVM).

B7.5 Explain and apply Ohm's Law.

B7.6 Design and construct an electrical circuit with a power generation source.
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Pathway Standards

C. Telecommunications Pathway

The Telecommunications pathway prepares students for employment and postsecondary education
and training in the wireless and fixed-line communications industries. The sharing of information is
essential for personal, commercial, educational, government, and military functions. Information is
stored, sent, and accessed primarily via the telecommunications industries.

Sample occupations associated with this pathway:

_/ L , , -
=#. Cable/Telecommunications Installation and Maintenance Technicians
=
N

Line Workers
=/ Network Operators, Technicians, Designers, and Managers

N
I/

w Network Security Administrator
’WQ Satellite Systems Installation/Engineers

C1.0 Understand the basic principles and concepts that impact the telecommunications industry,
including systems, concepts, and regulations.
C1.1  Understand the relationship between telecommunications and society.

C1.2 Evaluate the effects of telecommunications media and networks (telephone, television,
cellular, social networking, etc.).

C1.3 Understand the fundamentals of voice telephony and voice characteristics.

C1.4 Compare analog transmission concepts (bandwidth, voiceband, modulation), analog
circuits and sounds, and plain ordinary telephone service (POTS).

C1.5 Understand digital transmission concepts (capacity, bits-per-second), converting sound
to digital signals (PCM, CODECS), and compensating for transmission impairments
(attenuation, noise, delay, jitter).

C1.6 Define voice over IP (VolP).
C1.7 Describe public switched telephone network (PSTN) and signaling system 7 (SS7).
C1.8 Understand signaling: pulse dialing and dual tone multiple frequency (DTMF).

C2.0 Demonstrate understanding and use of the basic and emerging technologies that impact the
telecommunications industry.

C2.1 Describe the differences between analog and digital transmission and the migration to
a converged digital/optical network for voice, data, and video.

C2.2 Compare and contrast the components of voice networks, such as carrier switches,
routing, PBXs, T1 trunks, switched versus dedicated circuits, and packet and wireless
networks.

C2.3 Define the components of data networks, such as modems, virtual circuits, hubs,
switches, and routers.

C2.4 Evaluate the differences between the various access methods, including DSL, cable
modems, wireless (cellular, WiMax, Wi-Fi), T1, and carrier Ethernet.
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C2.5 Compare private voice network design alternatives using tie-lines, Centrex, virtual
private networks (VPN), and hosted services.

C2.6 Understand the basics of local, metropolitan, and wide area networks (LANs, MANs,
and WANSs), including the differences between network bridging/switching and routing.

C2.7 Recognize technologies such as frame relay, ATM, MLPS, Ethernet, and TCP/IP and
determine each technology's impact on network design, communication capabilities,
and quality of service (QOS).

C2.8 Compare the benefits, drawbacks, and technology behind voice over IP (VolP) using IP
PBXs, IP phones and Internet telephony service providers (ITSP), and IPTV.

C2.9 Obtain a working knowledge of communications protocols and standards with an
emphasis on their importance in network engineering and network operation.

C2.10 Understand the uses and effects of new technologies, such as social networking and
cloud computing, on the network.
C3.0 Examine the role and functions of satellites in telecommunications.
C3.1 Understand the evolution of satellite communications.

(3.2 Analyze the limitations of terrestrial communications and the advantages and
disadvantages of satellites.

(3.3 lllustrate and describe the basic elements of satellite communications.

C3.4 Describe common types of satellites and their respective functions.

C3.5 Learn the vocabulary and acronyms associated with satellite communications.

(3.6 Understand satellite orbits, including launch vehicles and the launching of satellites.

C3.7 Understand satellite systems, including geo-synchronous earth orbiting (GEO),
low-earth orbiting (LEQ), medium-earth orbiting (MEQ), high-earth orbiting (HEO),
and mobile satellite systems.

(3.8 Analyze satellite system architecture, including the network configuration, remotes,
satellite subsystems, ground stations, and network management.

C3.9 Understand frequency bands and those used in satellite communications.
C3.10 Understand the importance of modulation, multiplexing, and multiple access.

C3.11 Explain propagation and interference, including radio noise, ionosphere effects,
troposphere effects, interference between satellite networks, and interference with
terrestrial networks.

(3.12 Research applications and trends in satellite communications, including personal,
commercial, military and government, and global applications.
C4.0 Research the components, interaction, and operations of wireless telecommunications systems.
C4.1  Understand mobile wireless services and applications.

C4.2 Demonstrate device management.
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C4.3 Describe access technologies, including wireline and wireless end-to-end switching
and signaling.

C4.4 Identify switching, routing, and security systems and technologies for wireless and
Internet networking.

C4.5 Understand radio frequency (RF), air interface, and radio access network (RAN).

C4.6 Explain code division multiple access (CDMA), wireless technologies, services, and
applications.

C4.7 Research the different functions and uses of wireless and cable networks.

C4.8 Describe mobile network components and basic operation, including cellular principles
and AMPS (1G), 2G; digital radio voice communications and digital cellular; data
communications and spectrum-sharing technologies; frequency division multiple
access (FDMA), time division multiple access (TDMA), CDMA, orthogonal frequency
division multiplexing (OFDM) and 3G cellular; CDMA and 4G mobile cellular; LTE,
wireless local area networks (LANs) and WiFi.

C4.9 Understand the function and basic operations of communications satellites.
C5.0 Research the components, interaction, and operations of fixed-wire telecommunications
systems.

C5.1 Demonstrate and apply safety procedures and practices for traffic control, pole
climbing, roadside safety, electrical hazards, and data line safety checks.

C5.2 Demonstrate proficiency in making electrical connections, splices, and basic field
repair.

C5.3 Understand the differences between function and uses of wireless and cable networks.

C5.4 Understand access technologies, including wireline and wireless end-to-end switching
and signaling.

C5.5 Practice troubleshooting and repairing telecommunication system wiring.
C5.6 Demonstrate proficiency in basic AC and DC circuits.

C5.7 Inspect and demonstrate proficiency in the use of tools, equipment, and test equipment
used in the voice and data communications industry.

C5.8 Install, repair, terminate, and test network cabling.
C5.9 Demonstrate cable repair techniques.

C5.10 Prepare work site plans to demonstrate proficiency in site requirements and
considerations.

C5.11 Understand the theory of twisted pair design and shielding.

(6.0 Consider privacy and security issues of the telecommunications systems.

(6.1 Understand switching, routing, and security systems and technologies for wireless and
Internet networking.

(6.2 Explain the need and strategies for network security and integrity.
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(6.3 Demonstrate the appropriate applications of network and user data mining and
behavior profiling.

C6.4 Explain industry code of conduct.

C7.0 Demonstrate proficiency in customer relations.
C71 Demonstrate appropriate personal hygiene and professional attire.
C7.2  Apply techniques for instilling customer confidence and satisfaction.
C7.3 Apply techniques for keeping the customer informed.
C7.4 Describe and demonstrate effective follow-up techniques.
C7.5 Demonstrate discretion in interacting with customers in field and retail environments.

C7.6 |lllustrate basic conflict-resolution practices.
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