Energy Efficiency in Modern Packaging Systems
-- A Data-Driven Approach

Introduction

Energy represents one of the largest operational expenses in packaging facilities, typically
accounting for 15-20% of total operating costs. For large packaging operations running
multiple shifts continuously, energy expenses can reach hundreds of thousands or even
millions of dollars annually. Despite this significant cost burden, many packaging facilities
operate with remarkably inefficient energy use, wasting 20-30% of consumed energy through
outdated equipment, poor maintenance, and lack of monitoring.[1][2][3]

For purchasing professionals, understanding energy efficiency in packaging systems directly
impacts financial performance and competitive positioning. Investments in energy-efficient
equipment often achieve payback periods of 12-24 months while delivering perpetual
savings throughout equipment lifespans. Additionally, energy efficiency increasingly drives
purchasing decisions from customers prioritizing sustainability and from regulators enforcing
efficiency standards.[4/PIEI718]2-1]13-1]

This guide provides purchasing professionals with comprehensive understanding of energy
efficiency technologies, measurement approaches, financial analysis methods, and
procurement strategies enabling selection of equipment minimizing energy consumption

while maximizing operational and financial performance.[g]“01[2'2][3'2][1'”

Understanding Energy Consumption in Packaging
Operations

Systematic understanding of where energy is consumed forms the foundation for effective

efficiency improvements.[11112]010-1](2-3][1-2]

Energy Consumption Distribution in typical packaging facilities shows:[2-413-3]
Equipment Motors (35-40%): Primary equipment motors driving packaging machinery
represent largest energy consumption category

Compressed Air Systems (25-30%): Air compressors and pneumatic systems consume
substantial energy, often with poor efficiency

Lighting (15-20%): Facility lighting and task lighting for work areas

HVAC Systems (10-15%): Climate control systems maintaining facility temperature and
humidity

Other Systems (5-10%): Control systems, conveyors, and ancillary equipment[3'4][2‘5]



Total Energy Waste across industrial facilities averages 20-30%, with packaging operations
typically at high end of this range. Much waste occurs through inefficient motors,

compressed air leaks, poor scheduling, and inadequate monitoring.“2'1][1'3][2'6][3'5]

Cost Impact of energy consumption varies by facility size and energy rates, but typical

calculations show:[271[3-6]

Small facility (operating 1 shift): $50,000-$150,000 annually in energy costs
Medium facility (operating 2 shifts): $150,000-$400,000 annually

Large facility (operating 3 shifts continuously): $400,000-$1,000,000+ annually!®-/112-¢]

A 20% reduction in energy consumption represents $10,000-$40,000 in annual savings for

small facilities, up to $200,000+ for large facilities.!? 1138

Advanced Motor Technologies and Variable Frequency
Drives

Motor efficiency represents the highest-leverage opportunity for energy savings, as motors

consume 35-40% of facility energy.[13][14][5'1][15][16][17][4'1]

Servo Motor Technology offers dramatic efficiency improvements over traditional motors.

Servo motors combined with servo drives enable precise speed and torque control,

consuming only the energy necessary for specific applications.!'#-11[5-21[6-1]14-2][13-1]

Key servo motor advantages include:[°-316-21[4-3][14-2]

Energy Efficiency: Servo systems consume 20-40% less energy than traditional motors
running at constant speed[4'4][14'3][5'4]

Precision Control: Exact speed and positioning enable consistent product quality
Reduced Heat Generation: Lower energy consumption creates less waste heat,
reducing cooling loads®-2!14-5]

Rapid Response: Precise acceleration and deceleration improves production quality[6‘3]
[4-6]

The servo motor and drives market is experiencing rapid growth—valued at $21.53 billion in

2024, projected to reach $41.96 billion by 2034 at 7.7% annual growth rate—reflecting

strong demand for energy-efficient motion control.[1&Il14-414-71[5-6]

Variable Frequency Drives (VFDs) adjust motor speed dynamically to match production

requirements, providing substantial energy savings.[15'1][16‘1][17'1][191[20][21]

VFD operation principles include:16-21117-2](15-2]

Speed Adjustment: VFDs change motor speed by varying the frequency of electrical



power supplied to motors
Energy Proportional to Load: Motors consume energy proportional to speed and load,
not fixed amounts

Speed Reduction Example: Operating at 80% of motor speed typically reduces energy

consumption by 50% due to cubic relationship between speed and energy demand! >3

[16-3][2-10]

Dynamic Response: VFDs enable rapid speed changes accommodating process
requirements!’6-41115-4]

For packaging equipment, VFDs enable;!17-3119-112-11]

Speed reduction during startup and slow-speed operations

Automatic adjustment to actual production requirements

Energy savings of 30-50% depending on duty cycle[15'5][16'5][2'12]

Lighting and Facility Systems Optimization

Beyond motors, facility lighting and other systems offer accessible efficiency opportunities.
[22][23][24][13-2][5-7][2-13]

LED Lighting Retrofit represents one of the fastest payback energy efficiency investments:
[24-1][22-1][2-14]

Energy Reduction: LEDs consume up to 75% less energy than traditional lighting

(metal halide, fluorescent, high-pressure sodium)[22'2][2'15]

Lifespan: LED lifespans approach 200,000 hours compared to 8,000-20,000 hours for

traditional bulbs, dramatically reducing replacement costs/?%3l

ROI Example: A facility with $30,000 annual lighting costs reducing energy by 70%

saves $21,000 annually. An LED retrofit costing $50,000 achieves payback in

approximately 2.4 years[?2-412-16]

Additional Benefits: Better light quality, reduced heat output (decreasing cooling costs),

and automatic sensor compatibility enabling further optimization[24‘2][2‘1 7]122-5]

Compressed Air System Optimization addresses the second-largest energy waste
category:[25][3'9][2'18]
Leak Detection: Average industrial compressed air systems leak 20-30% of produced

air. Each air leak costs approximately $1,320 annually in compressed air costs[®-101[2-19]

Regular Maintenance: Clean filters, proper lubrication, and component replacement

prevent efficiency degradation?-20113-11]

Low-Energy Alternatives: Where possible, replace pneumatic systems with electric

motors or VFD-driven systems consuming 60-70% less energyl'2-6112-21]



Time-of-Use (TOU) Rate Optimization leverages variable electricity pricing:[23'”[2'22]

Peak hours (4 PM-9 PM) charge highest rates
Off-peak hours (midnight-6 AM) charge lowest rates—typically 40-60% of peak prices

Energy-intensive operations scheduled during off-peak hours reduce electricity costs by
20-40%/23-212-23]

Real-Time Energy Monitoring and Data Analytics
Comprehensive energy data collection enables informed optimization decisions.[261271(28][10-
2][9-1][12-2]

Energy Monitoring Systems provide continuous visibility into facility energy consumption:
[27-1][9-2][26-1][12-3]

Real-Time Data Collection: Sensors continuously measure electrical consumption,

pressure, temperature, and flow rates!2%-2112-4]

Equipment-Level Tracking: Identify energy consumption by specific machines,

production lines, or departments!?-3/27-21[26-3]

Trend Analysis: Monitor consumption patterns identifying opportunities and

problems!’2-21[9-4]

Automated Reporting: Systems generate reports enabling data-driven decisions[?/ 319

5][26-4]

Manufacturing Execution System (MES) Integration connects energy data with

production data:10-31[9-6][26-5][27-4]

Track energy per unit produced

Identify inefficient production runs

Correlate energy consumption with production speed, product types, and staffing[9'7][26'

6][27-5]

Advanced Analytics and Al identify optimization opportunities:[zg‘”“0‘4][9‘8]

Machine learning algorithms detect anomalies indicating equipment problems
Predictive models forecast energy consumption enabling proactive management

Optimization algorithms suggest efficient scheduling and operating parameters[28'2]“0'5]

[9-9]

Example: Data-Driven Identification of optimization opportunity:[26'7][27‘6][9‘1O]

Analysis reveals that packaging line 3 consumes 15% more energy per unit than line 1,
despite producing identical products. Investigation identifies:

Line 3 motor running at full speed continuously rather than variable speed



Compressed air leaks costing $8,000+ annually

Inefficient shift scheduling with energy-intensive operations during peak-rate hours[?/-7]
[9-11][26-8]

Corrective actions implementing VFD on line 3 motor, fixing air leaks, and rescheduling

operations reduce energy consumption 25%, saving $45,000 annually.[9'12][26'9][27'8]

Carbon Footprint and Sustainability Metrics

Energy efficiency directly impacts environmental performance and increasingly influences

business decisions.[2°1B0I7-11[37][8-1]

Carbon Footprint Measurement quantifies greenhouse gas emissions from operations:[7'2]
[31-1][29-1]

Direct emissions from on-site fuel consumption (diesel generators, gas heaters)
Indirect emissions from purchased electricity (Scope 2 in greenhouse gas accounting)

Equipment manufacturing emissions (Scope 3)[31'2][8'2][7'3]

Packaging operations carbon footprint typically shows:[29-2117-4][31-3]

Manufacturing (including packaging equipment operation): 40-50% of total carbon
emissions

Raw materials and component production: 30-35%
Transportation and logistics: 15-20%

Energy consumption optimization reduces carbon footprint proportionally.[8'3][7'5][29'3]

Sustainability Certifications and Reporting increasingly required by customers and

regulations:!-61129-4]

ISO 14001 Environmental Management System certification
Science-Based Targets initiative (SBTi) alignment with climate goals

Corporate sustainability reporting demonstrating emissions reduction progress[31'4][7'7]
Financial Impact of sustainability Ieadership:[8‘4][29'5][7‘8]

Brand value enhancement among sustainability-focused customers
Premium pricing ability for environmentally conscious markets
Regulatory compliance reducing risk of environmental penalties

Access to green financing at favorable interest rates!??-°17-°

Financial Analysis: Energy Efficiency ROI



Comprehensive financial analysis demonstrates energy efficiency investments typically

deliver excellent returns.[32][33][34][35][23'3][3'12][2'24]

Payback Period Calculation for energy efficiency investments;123-4113-13](2-25]

Payback Period = Investment Cost / Annual Energy Savings

Example Calculation:?2°!

LED lighting retrofit cost: $60,000
Annual energy savings: $22,500 (from 75% reduction in $30,000 annual lighting costs)
Payback period: $60,000 / $22,500 = 2.7 years

Return on Investment (ROI) Calculation;32-11123-5][2-27]

ROI = (Annual Savings - Annual Operating Costs) / Investment Cost x 100

Comprehensive Energy Efficiency Package Example:[3'14][2'28]

Mid-sized facility implementing multiple efficiency measures:
Investment:

VFD installation on main motors: $80,000
LED lighting retrofit: $60,000
Compressed air system upgrade: $40,000
Energy monitoring system: $30,000

Total investment: $210,000[3-151[2-29]
Annual Benefits:

Motor efficiency improvements: $120,000 (30% reduction of $400,000 motor annual
energy costs)

LED lighting savings: $21,000 (70% reduction of $30,000 annual lighting costs)

Compressed air optimization: $35,000 (40% reduction of $87,500 annual compressed air
costs)

Total annual benefits: $176,000[2-3013-16]
ROI = ($176,000 / $210,000) x 100 = 83.8%
Payback Period = $210,000 / $176,000 = 1.2 years

After 1.2 years, annual savings of $176,000 continue indefinitely, representing exceptional

financial return.5-17112-31]

Implementation Roadmap for Energy Efficiency



Successful energy efficiency optimization requires systematic approaches.[24'3][23'6][2'32][3'

18]

Step 1: Energy Audit (Weeks 1-2) quantifies current consumption and identifies
opportunities:#4-412-33]3-19]

Baseline energy consumption measurement
Equipment-by-equipment analysis

Leak detection and waste identification
Identification of quick wins and major investments(24-212-34]

Step 2: Opportunity Assessment (Weeks 2-4) prioritizes improvements by financial
impact:[23‘7][2‘35][3'20]

Calculate investment cost and annual savings for each opportunity
Rank by payback period

Prioritize short-payback projects enabling cash-positive reinvestment!23-8112-36]

Step 3: Quick Wins Implementation (Weeks 4-8) addresses easy, low-cost improvements:
[2-37][3-21]

Fix compressed air leaks

Implement time-of-use rate optimization
Begin sensor installation for monitoring!®-221(2-38]

Step 4: Major Equipment Upgrades (Months 2-6) implements capital-intensive

improvements:[2'39][3'23]

VFD installation on major motors

LED lighting retrofit
Energy management system implementation[3'24][2'40]

Step 5: Continuous Monitoring and Optimization (Ongoing) maintains and improves

efficiency:|10-61128-3126-10][9-13]

Monitor energy consumption trends
Identify emerging problems early

Implement continuous improvement projects[28'4][10'7][9'14]

Vendor Selection and Procurement Considerations

When purchasing equipment, energy efficiency must be priority criterion.[6-411-4114-8][5-8]

Request Detailed Energy Specifications from vendors including:[1'5][6‘5]



Annual energy consumption at rated capacity
Efficiency ratings (energy efficiency class, EU 10/2011 compliance)
Standby and idle power consumption

VFD or variable speed capability!®-¢/l1-6]

Compare Total Cost of Ownership including energy costs over equipment lifetime:1"-713-25]

Equipment cost
Installation cost

Annual maintenance

Estimated energy costs over 10-year lifespan (often largest total cost component)!’-!

[3-26]
Prioritize Advanced Technologies that reduce energy consumption:[4'9][5'9][6'7]
Servo motors instead of standard motors
Built-in VFD capabilities
5-10][4-10][6-8]

Energy management features enabling idle power reduction!

Conclusion

Energy efficiency in packaging systems represents one of the most compelling financial and
environmental investments companies can make. Comprehensive energy optimization

typically delivers ROI exceeding 80% with payback periods under 18 months.[23-91124-61(2-41]

[3-27]

For purchasing professionals, key recommendations include: (1) Conduct comprehensive
energy audits identifying consumption patterns and waste sources; (2) Prioritize motor
efficiency through servo motors and VFD technology; (3) Implement LED lighting retrofits for
accessible quick wins; (4) Install energy monitoring systems enabling data-driven
optimization; (5) Select equipment prioritizing energy efficiency alongside productivity and
quality; (6) Implement time-of-use rate optimization and scheduled operations management;
(7) Establish continuous improvement processes identifying and implementing ongoing

efficiency enhancements.16-61[12-61[10-8][4-11][5-11][6-9][26-11][28-5][22-6][15-7][9-15][24-7][23-10][2-

42]

The financial case is clear: energy efficiency investments deliver returns matching or
exceeding most corporate investments. The environmental case is equally compelling:
energy reduction directly decreases carbon footprint and demonstrates genuine

sustainability commitment to stakeholders.[/-10118-5]129-7]

For purchasing professionals, energy efficiency represents both financial opportunity and
environmental responsibility. Make energy efficiency a core procurement criterion, demand
transparency from vendors regarding energy consumption, and invest confidently in



technologies delivering measurable savings and sustainability benefits. The data-driven
approach to energy efficiency transforms potential waste into competitive advantage and
profit.
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