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Improving Energy Efficiency at Petrochemical Facilities

Module 1: Introduction

Learning Objectives
By the end of this section, you will be able to:

e Evaluate the economic and environmental impact of energy efficiency within the U.S.
petrochemical sector.

¢ Identify the core components of the "triple bottom line" as applied to industrial energy
management.

e Select appropriate voluntary resources to facilitate strategic corporate energy management.

Executive Summary: Energy efficiency serves as a critical business strategy for the petrochemical
industry by reducing production costs and earnings volatility while simultaneously improving
environmental performance through reduced greenhouse gas emissions. In an industry where energy
and raw materials account for approximately two-thirds of total shipment value, cost-effective
investments in proven technologies provide a pathway to maintaining high-quality outputin a
competitive global market.

Economic and Environmental Drivers

As U.S. manufacturers navigate a competitive global landscape, reducing production costs without
compromising product yield or quality is paramount. The petrochemical industry, in particular, faces
significant challenges from uncertain energy prices that negatively affect predictable earnings—a major
concern for publicly traded entities.

Key Business Impacts

e Bottom Line Improvement: Enhancing energy efficiency directly reduces the operational costs
of any petrochemical facility.

e Value Added: Rising energy prices drive up costs and decrease the value added for both public
and private companies.

e Strategic Environmental Alignment: Energy efficiency is an inexpensive alternative to costly
"end-of-pipe" solutions for reducing pollutant emissions.

Design Tip: Successful investment in energy-efficient technologies often yields "additional" benefits,
such as increased company productivity and enhanced corporate reputation through greenhouse gas

reduction.
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The Triple Bottom Line

Energy efficiency is a central strategy for achieving the Triple Bottom Line, a concept introduced by the
World Business Council on Sustainable Development (WBCSD). This framework recognizes that the
health of the global ecosystem represents the ultimate bottom line upon which the economy and
society depend. It focuses on three interconnected aspects:

1. Social Responsibility
2. Economic Prosperity

3. Environmental Stewardship

Industry Scope and Energy Intensity

The U.S. chemical industry is the largest in the world, employing nearly 800,000 people and generating
$416 billion in product shipments. The petrochemical sector, comprising basic petrochemicals, organic
chemicals, and resins, represents approximately 30% of total chemical industry shipments.

Energy Consumption Profile

e The petrochemical sub-sector is significantly more energy-intensive than other chemical
industry sub-sectors.

e Itaccounts for 70% of the chemical industry’s total fuel expenditures.
e Itaccounts for 40% of total electricity expenditures.

e Energy and raw material costs (largely fossil-fuel derived) constitute roughly two-thirds of the
total value of industry shipments.

1. Safety Constraint: Because the petrochemical industry is extremely complex, energy managers must
recognize that not all opportunities apply to all plants; assessments must be based on proven,
commercially available practices.

Strategic Management Resources

Voluntary government programs like ENERGY STAR, managed by the U.S. Environmental Protection
Agency (EPA), provide the tools and strategies necessary for successful energy management. These
resources facilitate stronger energy management practices across U.S. industry and are accessible
through specialized research and online tools.
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Checkpoint Quiz

1. Which of the following best represents the portion of the chemical industry's fuel expenditures
attributed to the petrochemical sector?
a) 30%
b) 40%
c) 60%
d) 70%

Answer: (d). The petrochemical industry is uniquely energy-intensive, responsible for 70% of fuel
expenditures and 40% of electricity expenditures within the broader chemical industry.

2. Inthe context of the "Triple Bottom Line," what is considered the "ultimate bottom line"
according to the WBCSD?
a) Total value added
b) Global ecosystem health
c) Product shipment value
d) Predictable earnings

Answer: (b). The framework posits that society depends on the economy, and the economy depends on
the ecosystem, making its health the foundational bottom line.

3. Energy and raw material costs typically account for what fraction of the total shipment value in
the petrochemical industry?
a) 1/4th
b) 1/2nd
c) 2/3rd
d) 4/5ths

Answer: (c). The text indicates that these costs, largely derived from fossil fuels, are roughly 2/3rd of the
total value of shipments, emphasizing why energy efficiency is vital for cost reduction.
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Module 2: The U.S. Petrochemical Industry

Learning Objectives
By the end of this section, you will be able to:

e Categorize chemical manufacturing facilities using NAICS classifications based on their primary
products and vertical integration.

e Analyze the production trends and geographic distribution of major olefins and aromatics in the
United States.

e Evaluate the economic drivers and trade positions of the petrochemical, basic organic chemical,
and resin manufacturing sectors.

Executive Summary: The U.S. chemical industry is a massive, diversified sector where the petrochemical
sub-sector accounts for a disproportionately high share of energy use. While the industry is
geographically concentrated in the Gulf Coast due to feedstock availability, its products—including
ethylene, propylene, and various polymers—form the backbone of global manufacturing. Success in this
commodity-driven market depends heavily on managing the volatile costs of energy and raw materials,
which comprise roughly two-thirds of total shipment value.

Industry Classification and Scope

The chemical industry produces over 70,000 compounds, ranging from specialty chemicals to billion-
pound commodity outputs. For engineering and energy management purposes, the industry is broadly
divided into Inorganic (non-carbon based) and Organic (hydrocarbon-based) sectors.

Approximately 95% of organic products are derived from oil and natural gas. This guide specifically
focuses on high-volume, energy-intensive organic chemicals and resins classified under the following
North American Industry Classification (NAICS) codes:

e 325110 Petrochemical Manufacturing: Production of acyclic hydrocarbons (ethylene,
propylene) and cyclic aromatics (benzene, toluene, styrene).

o 325199 All Other Basic Organic Chemical Manufacturing: Includes intermediates like ethylene
dichloride, vinyl chloride, and methanol.

e 325211 Plastic Material and Resin Manufacturing: Manufacturing of resins, plastics materials,
and non-customizable synthetic resins.

Design Tip: Classification is often complicated by vertical integration. A facility operating a steam
cracker and selling ethylene is "Petrochemical,” while a site that further converts that ethylene into
polyethylene may be classified under "Resin Manufacturing."

Economic Landscape and Employee Trends
The total U.S. chemical industry has seen a steady increase in shipment value alongside a declining
workforce, indicating significant gains in industrial productivity.
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Number of employees (1,000)

Figure 2-1: Value of shipments, value added and number of employees in the U.S. chemical industry.

Industry Vital Signs (2004 Data)

e Total Shipments: $528 billion.

e Value Added: $295 billion.

e Establishments: ~13,247 facilities.

e  Workforce: Decreased from 883,000 (1997) to 769,000 (2004).
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Figure 2-2: Value added by sub-sector of the U.S. chemical industry.

Sub-Sector Characteristics

The three primary sectors covered in this guide represent a significant portion of the total industry’s

economic footprint.
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