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1. Project Charter
2.1 Project Purpose
The intention of this natural gas conservation project is to track all points of natural gas used at the Denver, Colorado Pepsi Beverages Company facility in order to quantify and measure: natural gas consumed in MMBtu’s, the overall cost of gas, and the ratio of gas consumed to cases of soda produced (MMBtu/case produced).  The student team will also create a set of Key Performance Indicators (KPI’s) targeted at reducing overall natural gas.  All recommended changes to be implemented in the Denver bottling facility will be subject to an analysis of the current process versus recommended process, which will result in significant gas savings within an acceptable payback period (3 years for most projects, longer-term acceptable for capital investment projects). A process map will be developed to aid in the creation of a scalable systematic approach that is to be expanded to Pepsi facilities with like equipment nation-wide. 

2.2 Prioritized Measurable Objectives

· Cut natural gas consumption by 5%
· Develop a systematic scalable measurement system to conserve gas at other Pepsi facilities with like equipment (KPI’s) based on a: 
· Per case basis 
· Provide economic justification
· Propose process changes for more efficient gas usage 
· Provide economic justification
· Explore areas where PBC can conserve gas, and present the top three options (determined by IRR, Payback Period, Total Cost of Ownership, etc.) to PBC management. 
2.3 Project Manager Authority 
The project manager will need the following authority for project completion:

· Determine project resource requirements (funding, equipment, etc.) 
· Determine how to allocate/reallocate project resources throughout the project

· Fire team members 
· Communicate directly with project stakeholders for information 
· Make business decisions on available knowledge if replies to inquiries are not received within three business days 
· Determine which recommendations to implement if project sponsors do not provide feedback within three business days of communication
· Sign off on supplier rebate programs 

2.4 Out of Project Manager Scope
· Cancel the project 
· Increase project funding 
· Bring on extra project members 
· Extend project timeframe 
2.5 Project In-Scope

· Take appropriate actions and make the necessary contacts/communications with stakeholders to further the gas conservation project 
· Describe each gas consumption point by consumption amount, cost, percent of savings from waste, and opportunities for conservation
· Develop a scalable guide for gas conservation categorized by: 
· Cost 

· Quick wins 
· Minor cost quick wins 
· Reduction possibilities 
· Capital cost and economic justification 
· Potential rebates 
· Present/implement conservation projects
· Suggest three ideal conservation projects in the presentation and deliverable
2.6 Project Out-Of-Scope

· Create monitoring devices
· Describe/document overarching Pepsi production processes 
· Implement conservation projects
· New gas-blown production process 
· Inbound/outbound shipments/transportation 
2.7 Project Assumptions 
Owing to the fact that the student team‘s project is client related, the team assumes there are important roles each side must be responsible for in order to create a strong deliverable. The team assumes these roles will help fulfill expectations and coordination among all key stakeholders. 
The following table outlines the assumed roles of both the student team and the Pepsi project manager.

Table 1. Assumed Roles
	Assumed Roles

	PBC
	Student Team

	1.    Define and describe objectives 

2.    Define deliverables 

3.    Meet on a bi-weekly basis with project advisors for brainstorming sessions 

4.    Be available for questions and concerns from the project manager 

5.    Make resources, data, and research readily available 

6.    Respond to emails and contacts within three days 

7.    Be present during presentation of project proposal 
	1.    Define in-scope/out-of-scope tasks 

2.    Establish roles and responsibilities 

3.    Meet on a weekly basis with internal and external experts for brainstorming sessions 
4.    Be available for questions and concerns from PBC stakeholders 

5.    Respond to emails and contacts within three days 

6.    Provide valuable deliverables for PBC 

7.    Present deliverables to PBC management 


2.8 Other Assumptions 

· The student team shall have reasonable access to project-related facility locations as requested, provided sufficient notification (at least three business days) of the student visit is given
· Some measurement devices needed for project success are currently in place; others may need to be installed to accurately measure usage.  It is assumed that such installation will be quick (one business week) and provide the required measurements
·  Any relevant, accurate documentation regarding gas or gas flows has been shared with the student team
· New bottle blowing process is not applicable and out-of-scope
· All communications will be addressed, on both sides, within three business days of initial contact
· Cut natural gas consumption by 5% at current production levels
· Recommendations for process items can be nationalized and are not dependent upon environmental factors to a large extent (i.e. local temperatures)
· Quotations given to team by contract workers will be legitimate
· Savings on gasoline will be based primarily upon reduced gas consumption from previous years, this assumes previous gas prices and consumption will be a reasonable basis for comparison
· Recommendations will have a measurable result (the team must find suggestions that can be measured rather than simply propose educational initiatives)
· Old Kewanee boilers can be retrofit with modern controls 
2.9 Deliverables 

· A systematic scalable guide to conserve gas at other Pepsi facilities with like equipment 
· A series of KPI’s to develop gas usage ratios on a per case and per process basis
· A set of plans to reduce annual gas consumption by 5%, which includes: 
· Strategic rationale for top three gas conservation projects 
· Economic justification for top three gas conservation projects 
· Action plan justification and economic reasoning for top three gas conservation projects requiring capital investment. Each action plan will include: 
· Project or task 
· Accountable individuals or team of individuals 
· Time line for completion 
· Completion date 
· Savings estimates 
· Other Deliverables: 
· Validate current gas flow diagram
· Gas conservation defined by consumption points and cost 
· Design and execute brainstorming session(s) with internal and external process experts
· Work with gas and service supplier to establish rebate potentials 
· Develop an awareness campaign plan and awareness tools to communicate progress to plant managers in regard to gas conservation 

· Communicate opportunities and goals to all critical stakeholders, obtain the interaction required to make meaningful changes
2.10 Team Roles and Responsibilities 
Roles and responsibilities of each team member are constantly evolving and are being determined at every meeting and recorded in the Meeting Minutes. Overarching team expectations include: 

Team Rules 










1. Come to all meetings, be on time 
· Call if you are not able to make it as soon as you know there will be a conflict
· Have all meeting deliverables emailed and loaded to Google Docs before the other members meet 








2. Have work/deliverables prepared and uploaded to Google Docs by the meeting time
· Minutes, conclusion, next meeting time/date, and assignments for everyone will be posted on Google Docs at the end of every meeting
· Check this and have all assignments completed by the next meeting 

3. Be in class every week 







4. Weekly meeting will be Sunday nights at 6:00pm at the Leeds School of Business
5. When turning in deliverables at a deadline, make sure it is top quality and edited 
· Of course, asking for help is always okay! 
· Ask questions before the meeting so you can finish your work on time
· Upload deliverables before the meeting  




6. Document meeting notes (minutes), and alternate every meeting between who is responsible for taking said notes 
7. Team members who fail to practice the above rules must bring pizza for everyone to the next meeting. 
Table 2 displays the Roles and Responsibilities of team members.
Table 2. Team Roles and Responsibilities
	Roles
	Responsibilities

	Project Sponsor/Project Manager: 
Dan Frauenfelder 

  
	-Provide all relevant process information for natural gas usage                                                                                                -Set project goals and scope                                                        -Reply to all communications within 3 business days             -Agree on capital investment necessary for implementation                                                                             -Work with students to achieve savings goals 

	Project Mentor:
Bob Harland and Jim Marlatt 
	-Set milestones and goals to keep project on track                 -Review student team’s work as project progresses               -Offer advice on creating an effective project                          -Give guidance where needed 

	Student Point of Contact: 
Joey Feitz 
	-Act as main intermediary between Dan Frauenfelder, Bob Harland, and student team                                                           -Organize meetings between students, PBC, and Bob 

	Research Team: 
Ashley, Joey, John, Jitka, Alexi, Sean 
	-Research implementation projects where similar factories saved natural gas                                                                           -Identify the three most applicable solutions for gas savings -Create a cost-benefit analysis for these projects to provide economic justification for recommendations                           -Contact all companies and vendors necessary to obtain quotes for recommended projects 

	First Deliverable Team: 
Jitka and Joey 
	-Combine all of the documents necessary for the first deliverable                                                                                      -Unify the formatting                                                                          -Print, hole punch, and turn in final document 

	Nationwide Implementation Team: 
John and Sean 
	-Identify projects which can be applied in other plants                                                                                               -Create deliverable plan for distribution to plant managers -Use Pepsi templates to create official Pepsi documentation                                                                               -Work with Dan to format proposal in Pepsi’s preferred format                                                                                               

	Final Deliverable Team: 
Alexi and Ashley 
	-Identify and assign work that needs to be completed for final deliverable                                                                              -Unify formatting across documents for final presentation       -Design slideshow and presentation for final project presentation                                                                                   -Print, hole punch, and turn in final document 


2. Natural Gas Savings Program
3.1 Executive Summary

At the beginning of the Spring 2010 semester, a student consultative team of six members was formed for the Pepsi Natural Gas Conservation Project.  The students were given a series of tasks to be delivered by the end of the semester, which included: recommending three separate projects to cut the Denver bottling facility’s natural gas consumption by 5% (equating to $11,437), develop a series of Key Performance Indicators (KPI’s) to help track gas consumption, and to develop a nationwide expansion plan to be passed on to other bottling facilities. 

Throughout the project, the student team identified a number of quick wins/repair items in addition to selecting three key capital investment projects:  the replacement of legacy building heat boilers with Direct Flo Heating Units, the installation of thermal equalizers, and the automation of all makeup air units throughout the facility.  In addition to these capital investment projects, the student team also recommends at a later date automation of boiler process pumps.  Based upon historic data, implementation of all quick win projects along with the three capital investment projects will result in a total natural gas savings of 38.88%, or $88,946 annually.  With full implementation (including process pump automation), savings will amount to 40.22%, or $92,003 annually. The total savings of 40.22% is estimated very conservatively, keeping cannibalization of each project’s savings in mind. 
This document is intended to be an executive overview of the student team’s findings, calculations, and recommendations, whereas a more detailed analysis of individual projects can be found in the appendix as noted.  Due to the complexity of the project, several potentially beneficial projects were eliminated early on as the students were forced to narrow their analysis; these projects have been isolated and presented in a section for future project recommendations outside of the capital projects proposed by the team.
3.2 Project Environment
The Natural Gas Conservation Project was developed to provide PBC facilities with a roadmap for success in their efforts to reduce natural gas consumption in an equipment-dependent environment where natural gas is a critical facility resource, yet a significant annual expenditure. 

3.2.1 Recommendations Must Drive Local Market Success

The recommendations are designed to provide the necessary tools for planning, developing, and implementing an energy conservation project that can be custom tailored to each facility’s unique goals and objectives. 

Methodology behind the project has been developed by PBC Denver which is in the process of implementing PBC’s Pilot Natural Gas Conservation Project.  Step-by-step economic justification was performed to allow each facility to pick and choose the appropriate subprojects to adopt based on local conditions.  The Natural Gas Conservation Project features three phases, each designed to satisfy different aspects of the PBC culture: 

· The first involves seeking out inefficiencies that can be fixed with minimal time, effort, and capital (less than $2,000) – quick wins
· The second phase will be capital intensive and will yield the facility’s largest energy savings

· The final phase involves designing a facility awareness plan with the general goal of saving energy by encouraging and inspiring PBC employees to help in the savings efforts
3.2.2 Act Now.  Do It Today.  Get Results.
Accompanying the steps in the plan of each of the three phases listed above will be an example of potential savings illustrated via the PBC Denver Pilot Natural Gas Conservation Project. This example indicates possible solutions to various problems at other facilities through the recommendations of the three projects, but is not necessarily intended for other PBC facilities; however, it may be applicable and appropriate in some cases. 

3.2.3 Set Targets.  Keep Score.  Win.

The Natural Gas Conservation Project will only be as good as its sponsors, which is why a PBC standard Execution Planner has also been developed for the project, indicating executable steps that can be tracked and marked as finished when each step’s respective owner has deemed them so.  This also enables milestones to be set to move the project along as quickly and efficiently as possible. This project is intended to be a roadmap to help each PBC facility set and achieve energy conservation goals unique to its own procedures and processes. 

3.2.4 Respect Each Other

Just like selling soda, every individual is important.

3.3 Project/Quick Wins
3.3.1 Purpose

The first project proposition of the student team is to identify local repairs and quick wins, the cheapest and quickest way to recapture inefficiently utilized natural gas. Low cost alternatives to a global energy conservation plan not only work toward targeted savings but also help improve a project’s economic feasibility. 
The following steps should be taken to effectively identify quick wins and repair opportunities:
· Develop a list of key action items where potential repairs or quick wins could be found 

· Identify steps for implementation of the local repair(s) and/or quick win(s):
1. Mark on walkthrough map where inefficiency was detected

2. Clarify the intended repair(s) and/or quick win(s) that are intended for the proposed fix
3. Determine the part(s) and man-hours needed for correction
4. Identify procedure for insuring the quick win is maintained and inefficiencies do not return
5. Schedule and execute repair(s) and/or quick win(s)

3.3.2 PBC Denver – Repairs/Quick Wins

Action items discovered:

· Water heater schedule

· Valve insulation
Implementations:  After consultation with Pepsi’s heating, ventilation, and air conditioning (HVAC) contractor, it was determined that the water heater scheduling and valve insulation projects qualified as quick wins.
3.3.2.1 Water Heater Schedule
3.3.2.1.1 Current Process

PBC’s water heater currently heats water in the Pepsi facility for 24 hours a day, 7 days a week at temperature of 134°F. Hot water is used at all sink faucets and janitorial facilities for hygiene and cleaning purposes. Average daily water heater gas consumption for the last 12 months was 18,000 million British Thermal Units (MMBtu throughout the rest of the project). 

3.3.2.1.2 Recommended Process

It is not necessary to maintain a water temperature of 134°F during off-peak hours when no demand exists for said water. Since PBC is using an automated digital control system to control various temperatures around the facility, the student team recommends WestCo Systems reprogram the digital control schedule for the domestic hot water heater to stem the flow of natural gas consumption. The new system should be programmed to reach a peak temperature of 134°F. As soon as this peak temperature is reached, the digital control should turn the water heater off until the temperature falls to 100°F, upon reaching said temperature the heater will once again fire to reach 134°F. The number of firing cycles the hot water heater will experience daily depends on the demand for hot water. The most significant gas savings from this recommendation will occur during off-peak demand hours between 9:00 PM and 5:00 AM, when the demand for hot water drops significantly.  
3.3.2.1.3 Cost

WestCo Systems estimated programming labor to be a total of $368.29.
3.3.2.1.4 Benefits

The new water heater schedule will save:

· 25% of the water heater gas consumption

· 1.1% of total gas consumption

· $6 per day

· $2,190 per year

3.3.2.1.5 Next Steps

Should PBC choose to implement this quick win, the facility maintenance team should schedule an appointment with a WestCo Systems programmer in order to perform the required labor.
Total Natural Gas Savings 1.1%
3.3.2.2 Valve Insulation  

During an initial brainstorming session with Pepsi employees and contractors, it was revealed that pipe valves placed on the roof of the Pepsi bottling facility are not insulated, meaning significant heat loss can occur.  To further explore this revelation, Thomas Mansfield Inc. (T&M Services) later performed an inspection of the roof valves; in doing so, the engineers discovered said roof valves are in fact only partially insulated while the neck of the valves are left exposed to severe weather conditions. 
3.3.2.2.1 Current Process

Pepsi’s subcontractor, Thomas Mansfield Inc., identified nine valves directly connected with Boiler 6 (a process heating steam boiler) requiring neck insulation. These valves are currently loosing an estimated 4% of radiant heat cycling through the steam pipes.
3.3.2.2.2 Recommended Process

Insulation of the valve necks will recapture the 4% radiant heat loss. International Organization for Standardization (ISO) covers are recommended for this project, as ISO covers will also prevent valves from corrosion and prolong the valves’ life. Reduction of corrosion on the valves will facilitate faster maintenance of piping material as well as the valve itself in the future.
3.3.2.2.3 Cost

Based on the current condition of the roof-top valves, Fortpit Group, Inc. (a supplier of ISO covers), estimated the material cost of covers to be no greater than $1,360. Thomas Mansfield, Inc. estimated labor costs of installation to be $500.  Total costs, after a 7.6% sales tax ($141), will come to $2,001. 

(While the cost of valve insulation reaches over the quick win expense bracket of $2,000, project manager Dan F. suggested this project be placed within the quick win category to eliminate capital budgeting and prevent any delays of project execution.) 
3.3.2.2.4 Benefits
Based on measurements performed by T&M Services, the Fortpit Group developed an interactive calculator of gas savings as related to ISO covers. The calculation resulted in savings of 141 MMBtu per year, which is 0.3% of total gas consumption in the Denver Pepsi bottling facility.  Yearly monetary savings come to $703.26 under the assumption of the average gas price per one MMBtu being $5 (obtained through an estimate by Dan F.; notably, the average MMBtu price for last year was lower than said estimation, but with annual fluctuations paired with the 6.4% increase in gas prices, this is viewed as a fair estimate), and 8,760 hours of operation in a year. The benefits result in a payback period of 2.8 years.
Total Natural Gas Savings 0.3%

3.4 Capital Action Plan

3.4.1 Purpose

As previously indicated, capital expenditures are defined by Pepsi as any project with total costs exceeding $2,000.  Having discussed the recommended quick wins, the most significant savings of the student team’s recommendations are realized through long-term capital expenditures.  Such expenditures seek to replace aging equipment (much of which was put into place in the late 1970’s) with cutting edge, sustainable equipment.  Given the capital requirements of each project, the student team fully recognizes that implementation of such recommendations will come in stages, thus the capital projects are presented below in the order the student team recommends adoption. As indicated by the project charter three main recommendations are to be made, thus the recommended projects are so labeled.  The automation of process pumps is listed after the recommended projects rather than within the Future Projects section due to its considerable savings and concrete, quoted figures making it different in nature than the suggested items in the Future Projects area.  
3.4.2 PBC Denver – Capital Investments

Project Recommendations:
· Boiler replacements
· Adoption of thermal equalizers
· Automation of makeup air units
· Automation of process pumps
3.4.2.1 Project 1:  Boiler Replacement

Due to PBC processes and procedures, it has been determined that the best area of focus for energy conservation rests in the replacement of outdated boilers; while independent contractors have estimated boiler units operate at near-industry efficiency levels (80%), the oxygen level reading within each given boiler approaches a level of 50%, which contrarily suggests substantial gas losses unaccounted for in early efficiency estimations.  While any changes regarding the boiler system implies heavy capital expenditures, it is important to keep in mind that the expected lifespan of said equipment is only 4-5 years into the future; thus this project is about tackling an unavoidable expenditure in a progressive, rather than reactive, manner.

3.4.2.1.1 Current Process

The boiler units at Pepsi can be subdivided into two separate categories: units used for process heating (steam boilers), and units used for building heat (hot water boilers).  The process heating system runs on Cleaver Brooks Steam Boiler units, whereas the building heat runs on Kewanee units, both of which are serviced by sourced engineer John Mansfield at T&M Services.   The entire heating process will be discussed in detail within the appendix along with a brief breakdown of alternative processes examined and reasons for not selecting said projects.  For a visual depiction of the system, please reference the report’s process map (Appendix A-1).  Importantly, all measurements discussed below are given a 3% error rate regarding MMBtu’s consumed.  Within the project, it was determined that adjustments to process heating systems carried several complications, the most important of which included: bringing down production lines, altering production capacity levels, and excessive costs required in re-piping the facility due to steam pressurization levels.  Consequently, the team decided to focus recommendations upon the building heat system; importantly, process heat represents a future area of potentially considerable savings should a future team have the time to pursue said area.
3.4.2.1.2 Recommended Process
When recommending change, it is critical to compare a change in processes to maintaining the status quo.  In this situation, however, the status quo means excessive expenditures for Pepsi. As the Kewanee (building heat) boilers continue to age, their efficiency levels will decrease, meaning using more gas to heat less water, thus increasing cost. To compound the problem, if nothing is done the boilers will breakdown and need replacement in 4-5 years; this will represent a capital expenditure of well over $1 million. Furthermore, gas prices have been trending up at a rate of 6.4% annually, thus a lower efficiency level of the current system will be coupled with higher gas prices. Finally, with emissions cap legislation being pushed through the Colorado legislature, failing to make any changes to the emission levels of the plant will result in the necessity of purchasing highly priced emissions credits. Clearly, maintaining the status quo will mean heavy operational cost increases within the next six years.  

After ample research into several alternatives in process changes, the student research team ultimately recommends a large adjustment to the building heating system: replacing Kewanee hot water boilers 1-5 with four 5 million MMBtu Direct Flo Heating Units; two units should be placed in the upstairs boiler room, and two in the downstairs boiler room. The entire system could be run from one large unit, but redundancy is needed in the process to allow for emergency capabilities. Additionally, two smaller units were chosen for each boiler room rather than one larger unit in each boiler room for two critical reasons: 1) to allow for further system safety and redundancy, wherein one unit in each room will be primary and the second unit will remain off unless needed, and 2) installing several 5 million MMBtu heating units allows for the avoidance of registration fees imposed upon any heater units running at over 10 million MMBtu. The installation of such units carries multiple benefits: 

· The units are technically heating units, thus while they will be able to fully meet the hot water needs of Pepsi they simultaneously avoid boiler filing and registration fees ($1,000/year) along with required annual boiler maintenance ($30,000/year)

· The units run at a higher efficiency level than condensing boiler (99.7% compared to 90%), yet the product of combustion taking place within the Direct Flo unit is pure water rather than an acidic precipitate, which can then be used in the production line (saving Pepsi in future costs of sterilizing tap water or purchasing purified water); this also avoids pipe damage and future maintenance fees that would be implicit in implementing a condensing boiler system 

· The units can send water out at over 185 degrees Fahrenheit, but can sustain return temperatures of less than 40 degrees Fahrenheit. This means that Pepsi Beverages will be able to send water out on its circulating loop from the heating unit and the water will be able to lose its heat in the building rather than having to be circulated very quickly throughout the facility to return at a warm temperature (for a detailed explanation of this, please see the boiler section of the appendix). Implied in this is a lower flow velocity for hot water pumps, thus less water and electricity will be consumed in the process. As a benefit of a much higher tolerance for a wide change in temperature (Delta T), the water exiting the Direct Flo unit will be able to be heated to a lower temperature then the current system, saving substantial gas 

· The Direct Flo units are cool to the touch, meaning no radiant heat loss is occurring 

· No scale buildup occurs in a Direct Flo unit, resulting in lower maintenance requirements (a 10% savings in system efficiency compared to a boiler based system)

· The Direct Flo unit is thermal and valve-controlled.  If the temperature is beyond a threshold level, the unit will automatically shut off.  Likewise, if all valves to equipment are closed, the unit will shut off.  In the current system, valves are non-functional and even if pumps routing hot water to said locations are shut off, the boiler remains idle rather than off, therein consuming gas

· No condensate is lost in the Direct Flo units, as opposed to boiler units (which represents a heat loss of 5% in standard boilers)

· There is no loss in the heat exchange process of a Direct Flo unit (saving 5% in system efficiency)

After creating a relationship with the VP of National Accounts for a supplier of Direct Flo units, John Rivers at Armstrong International, it was negotiated that Armstrong would provide Pepsi with all four units free of charge for two years. Should Pepsi, more specifically Dan F., be unsatisfied with the savings the heater units carry after this two year threshold, Armstrong will remove the units free of charge.  Contrarily, should Pepsi be satisfied with the level of savings provided by the Direct Flo units, they would begin payment after the two year period. This negotiation was made possible due to the historic gas tracking that Pepsi has kept, therein providing Armstrong with an opportunity to quantifiably prove the efficiency of its systems, which would later be published and sent to prospective customers in a white paper.  

The Direct Flo units will run at both high unit and high system efficiency. After having Armstrong engineers examine the cubic footage of the building and the piping infrastructure, it was determined that the Direct Flo units could use the current infrastructure with no additions needed; it was, however, recommended that working thermal controlled valves be placed strategically throughout the piping to shut down hot water usage when it is not needed.  As stated above, when all valves are closed, the systems shut down rather than remain idle. Due to the savings and payback period of implementing such a system (discussed below), by the time payment is required the systems will have paid for two of the four units in savings, therein representing little financial risk to Pepsi. Additionally, the units are considerably smaller than a boiler, meaning space savings will occur as well. Aside from saving significantly in gas usage (discussed in a section below), the Direct Flo units also have a considerable savings in CO2 emissions. As the Colorado legislature has begun implementing emissions regulations, savings will be significant in regard to lower fees that would otherwise be required for purchasing emissions credits.

3.4.2.1.3 Cost of Implementing Direct Flo Heating Units
Cost estimates are based upon obtaining four Direct Flo Heating Units from Armstrong International.  Each unit has a cost of $77,230.00 with installation costs estimated at $87,000 ($70,000 of which will be capital budgeting, $15,000 of which will be budgetary removal and demolition, $2,000 of which is reserved for freight charges). lf old system piping can be utilized, no extra piping, engineering, or equipment fees will be incurred.  

Total Cost of Direct Flo Units = $77,230 x 4 units + $85,000




            = $308,920.00 + $85,000



            = $393,920 
3.4.2.1.4 Benefits of Direct Flow Heating Systems 

In order to obtain an accurate savings reading, the average of gas prices paid per month ($4.66/MMBtu) for the year 2009 was utilized for calculations. Also note gas prices trend up at 6.4%, thus increasing savings incrementally on an annual basis (the percentage of gas savings will remain the same, but the dollar savings will increase from year to year). A noted assumption is the estimated boiler system efficiency level is 60% (as opposed to boiler unit efficiency levels of 80%), whereas the Armstrong units run at a system efficiency of 99.7%.  In obtaining a total long-term savings, one must consider the equal probability of three different states occurring: a warm year (wherein building heat boilers are operational for 146 days per year), an average year (wherein building heat boilers are operational for 180 days per year), and a cold year (with 240 days of operation). Considering equal probability of all three states, an average savings per year can be determined. Following this, a best-case, base-case, and worst-case scenario analysis was conducted. The base-case utilizes the scaled average savings per year, the best- and worst- case scenarios add or subtract 10% to this figure respectively.  

The calculated gallons of water heated per day was based on a non-controlled pump rate of 1,000 gallons/minute running for approximately 16 hours per day for 30 days a month, resulting in 960,000 gallons of water heated per day. Delta T, used below, is the change in temperature between water exiting the boiler and water re-entering the boiler (measured at 9.3 degrees Fahrenheit), and represents the amount of heat per MMBtu the system is able to obtain; large Delta T’s of over 100 degrees indicate efficient systems, small Delta T’s indicate the water is returning to the boilers too quickly. In order to obtain the emissions level savings, it is assumed based upon measurements from Armstrong International that similar gas-based systems emit at a rate of 116.97 pounds of carbon dioxide per MMBtu consumed.  

3.4.2.1.5 Cost of System Operation 

= [ { (Gallons of Water Heated per Day x Delta T x 8.33) / 1,000,000} x Price of Gas] / System Efficiency 

3.4.2.1.6 Emissions of System

= [ { (Gallons of Water Heated per Day x Delta T x 8.33 x (1 / System Efficiency)) / 1,000,000} x Price of Gas] x Days of Boiler Operation x Carbon Dioxide Emission for Gas-Based Systems

Table 3 reflects the cost calculation for all three possible yearly outcomes.
Table 3. Climate Condition Results
	
	Cost of Operation
	Pounds of CO2 Emitted

	Warm Year (146 Days of Operation)

	Current System
	$84,361.66
	2,116,777

	Direct Flo System
	$50,769.30
	1,273,888

	

	Base Year (180 Days of Operation)

	Current System
	$104,007.52
	2,609,726

	Direct Flo System
	$62,592.29
	1,570,547

	

	Cold Year (240 Days of Operation)

	Current System
	$138,676.70
	3,479,634

	Direct Flo System
	$83,456.39
	2,094,063


Table 4 demonstrates annual cost savings through implementing Direct Flo units.
Table 4. Climate Condition Direct Flo Calculated Savings
	
	Warm Year
	Base Year
	Cold Year

	Annual Operational Cost Savings
	$33,592.36
	$41,415.23
	$55,220.31

	CO2 Emission Savings (lbs)
	842,889.47
	1,039,178.79
	1,385,571.73


Given an equal probability of all three states, the average annual cost savings will be $43,409.30. This savings will increase by 6.4% annually. An additional savings of $1,000 per year will be avoided in regulation fees, and $30,000 decreased by 8% annually will be realized with the reduction in maintenance costs. 
3.4.2.1.7 Percent of Total Gas Savings
In saving $43,409.30 annually in reduced gas consumption, and based upon last year’s total gas consumption ($228,750), this project will save 19% of natural gas used on a yearly basis (15% on a warm year, 18% on an average year, and 24% on a cold year). Importantly, this is a very conservative estimate considering the new units will be able to shut down based upon external thermal controls and shut-off valve controls, meaning the new system will be consuming gas on a lower basis, indicating an estimated savings of up to 25% annually purely on gas savings (abstracting from regulation and maintenance savings).  

To further compound savings, the current system produces on average of 2,735,379 pounds of carbon dioxide annually. The State of Colorado is in the process of passing an emissions cap regulation on manufacturing facilities, indicating high polluting facilities will need to purchase expensive emissions credits should their emissions rate exceed the cap. The new system will produce approximately 1,646,166 pounds of carbon emissions annually, indicating a reduction of 1,089,213 pounds of pollution annually; this will likely decrease any future expenditures of purchasing emissions credits.   

Other significant financial measures are recorded below based on figures accounting for corporate tax levels, avoided reporting fees, capital expenditures, annual savings, and capital depreciation of manufacturing equipment. As indicated above, due to a decrease in idle time, less use of water, and the production of purified water for use in production lines, the team estimates higher savings, a shorter payback, and a higher NPV than what is shown below; yet for the sake of conservative estimates the student team maintains the calculated figures. The figures below are based upon average expected savings ($43,409.30 in annual savings scaling up at 6.4% annually with gas prices along with $1,000 annually in avoided reporting fees and an initial $30,000 decreased at 8% annually in required maintenance savings) along with a best and worst case of +/- 10% of average yearly savings. The full capital budget forms can be viewed in the appendix of this report.
Table 5 displays the capital budget scenarios.
Table 5. Capital Budget Scenarios
	  
	Worst Case
	Base Case
	Best Case

	NPV
	$159,013
	$189,624
	$209,209

	Regular Payback (yrs)
	3.6
	3.4
	3.2

	Shareholder Value Payback (yrs)
	4.6
	4.0
	3.9


3.4.2.1.8 Recommended Next Steps

The facility has been toured by the Armstrong International engineering team.  Final estimates need to be drawn up and a contract signed following delivery of the Direct Flo units.
Total Natural Gas Savings 19%
3.4.2.2 Project 2: Thermal Equalization System by Airius
3.4.2.2.1 Current Process 
PBC estimates that approximately two thirds of the natural gas used in the bottling facility is used in some sort of building heat function.  When considering this, one must remember a natural law: heat rises.  In the context of a large manufacturing facility, this means considerable gas is being used to pass warm air through the bottom of the facility, only to be collected along the facility’s high ceilings.  This temperature differential represents considerable gas inefficiencies. 
3.4.2.2.2 The Airius System
A low wattage, energy-efficient motor drives a near-silent fan that aerodynamically and quietly forces a column of hotter air from the ceiling of a facility directly to the cooler floor below. As this column of warm air nears the floor, it draws in the surrounding colder air and begins to rise again, creating a torus. While doing so, it warms the cooler air it mixes with near the floor, increasing the temperature of the air at floor level, thus reducing the temperature differential of the building.

3.4.2.2.3 Recommended Process
The Thermal Equalization System is designed to lower heating and cooling costs by equalizing the temperature of the air from the ceiling to the floor by moving large quantities of air in a continuous torus. In the Pepsi bottling facility, the ceiling height is 20-25 feet above ground level with an estimated temperature differential of 10.8 degrees Fahrenheit. With the equalizer system, utilities costs are lowered by balancing the difference in air temperature to within a 2 degree difference. This balance occurs within 48 hours of installation.
Table 6 displays cost per square foot by area.
Table 6. Costs
	151,705 Square Foot Production Area
	355,436 Square Foot Warehouse

	31 units x $695 = $21,545
	71 units x $695 = $49,345


Table 7 displays the benefits by area.
Table 7. Benefits
	Production Area
	Warehouse

	5% reduction in natural gas usage
	11% reduction of natural gas consumption

	7% reduction in heating cost
	17% reduction in heating costs

	Payback period is 2.6 years
	Payback period is 2.6 years

	$30 savings per day
	$70 savings per day

	$10,847 in yearly cost savings
	$25,408 in yearly cost savings


Total Cost of Airius Thermal Equalizer

· 102 units x $695 = $70,890

Total Benefit Derived From Installing Airius Thermal Equalizer

· 16% reduction in natural gas usage

· 24% reduction in heating cost

· Payback period of 2.6 years

· $100 savings per day

· $36,255 in yearly cost savings
Table 8 represents a financial projection for investment in the Airius thermal equalizer.
Table 8. Capital Budget Scenarios
	
	Worst Case
	Base Case
	Best Case

	NPV
	$65,925
	$75,352
	$83,743

	IRR
	33.6%
	36.3%
	38.5%

	Regular Payback (yrs)
	2.8
	2.6
	2.5

	Shareholder Value Payback (yrs)
	3.9
	3.6
	3.4


The worst-case scenario is based upon a 9 degree temperature differential between the facility ceiling and floor, which would produce lower savings, whereas the best-case scenario is based upon a 12.6 degree differential. 

3.4.2.2.4 Recommended Next Steps
Scott Canby from Airius toured the facility with Dan F. at the end of March. Through this tour, he was able to provide basic savings and installation recommendations.  To receive more complete information on this project, Scott will need to formally survey the facility. 
Total Natural Gas Savings 16%
3.4.2.3 Project 3:  Automation of Makeup Air Tempering
3.4.2.3.1 Current Process
Currently there are eight makeup air handlers that use natural gas to temper incoming air from outside the facility. The temperature at which the tempering system turns on has not been regularly monitored, and as a result, the system was tempering air when the outside temperature was already warm. Some of the handlers on the makeup air units can be manually adjusted to kick-on at a specified temperature, but the student team recommends all of the units be programmed to begin tempering air at a specified temperature.
3.4.2.3.2 Recommended Process
Program the makeup air handlers to temper incoming air only when the outside temperature drops below 45 degrees Fahrenheit. When the temperature rises above 45 degrees Fahrenheit, the makeup air exchanges should continue to maintain air quality (via ventilation of CO2), but the tempering process should shut off as a result of the programming, therein reducing natural gas consumption.
3.4.2.3.3 Cost of Automating Process Pump Controls
WestCo Systems can install energy management controls on the makeup air handlers that can be programmed to automatically shut off gas usage when the outside temperature exceeds 45 degrees Fahrenheit. This control program will cost $1,709.88 per handler, with a total of $13,679.04 if installed on all eight handlers.  The quote for the project provided by Sharon Hansen is included in the appendices. 
3.4.2.3.4 Benefits of Automating Process Pump Controls

 The implementation of this system will save an average of 8.9% of total natural gas usage (based on last year’s spending of $228,750). The automation of the temperature controls will cut down on manpower devoted to monitoring the controls. The amount of gas saved will vary slightly based upon the temperature trends for each year. For example, based on historical weather data for 2009, this system would have saved $19,422.90, or 8% of natural gas for the year. Years with more days peaking above 45 degrees Fahrenheit will result in a higher level of savings.
Table 9 represents a projection of the probable gas savings based on seasonal temperatures.

 Table 9. Seasonal Gas Savings Projection

	 
	Warm Year
	Base Year
	Cold Year

	Days between October and April above 45ºF (adjusted to account for lows below 45ºF)
	72
	60
	57

	Annual Operational Cost Savings
	$23,194.83 
	$19,422.90 
	$18,426.12 


Table 10 represents the annual gas savings projection considering a 8.9% annual savings and equal probability of each thermal condition.
Table 10. Averaged Gas Savings Projection
	
	Worst Case
	Base Case
	Best Case

	Payback Period (years)
	1.6 
	0.9 
	0.7 


Projected payback periods for implementing the controls – including worst case scenarios – are all under two years.
3.4.2.3.5 Recommended Next Step
The impact of this solution should be monitored over time.  For example, the process compliance manager should solicit feedback from employees working on the warehouse floor to determine if the temperatures are warm enough, and if so, possibly set the temperatures slightly lower to boost savings further.
Total Natural Gas Savings 8.9%
3.4.2.4 Automation of Process Pump Operations
3.4.2.4.1 Current Process
The bottling facility heating system depends upon hot water boilers. These boilers have a total of seven manually operated process pumps attached to them designed to direct heated water from the boiler to various areas of the plant. On days where the outside temperature is above 45 degrees Fahrenheit, only two of the seven pumps need to be on to maintain the proper building temperature. This means that when pumps are left on during warm days, more demand is placed on the building heat boilers than is necessary. Pepsi currently estimates that during the winter, five process pumps are shut off on about one third of the days that are warmer than 45 degrees Fahrenheit.
3.4.2.4.2 Recommended Process
Install new process pumps, along with accompanying control software, allowing five of the seven process pumps to automatically turn off when the outside air temperature rises above 45 degrees Fahrenheit.
3.4.2.4.3 Cost of Automating Process Pump Controls

In order to automate the process pumps, seven pump controllers need to be installed along with new software controls.  The total cost of this install is estimated at $6,759.
3.4.2.4.4 Benefits of Automating Process Pump Controls
The plant will be able to reduce its natural gas consumption by 2.1% through this automation. The turn-off of these process pumps will be infinitely more reliable than the current manual process. Facilities management will have the knowledge that pumps are automatically shut off on warmer winter days rather than having to hope an employee has taken the time to manually switch the pumps off. Savings will be greater in warmer years; the more warm days there are, the more often the process pumps will be able to be shut off.
Table 11 represents the seasonal benefits of automated pump controls.
Table 11. Seasonal Benefits
	 
	Warm Year
	Base Year
	Cold Year

	Days between October and April above 45ºF
	72
	60
	57

	Annual Operational Cost Savings
	$6,040 
	$5,309
	$3,983 


In order to make a conservative estimate, three scenarios were modeled. The savings are the greatest in warm years and are lowest in cold years. To estimate what type of savings will be seen in a typical year, an average was taken given an equal probability of all three states, reaching an average annual cost savings of $5,110.
Table 12 demonstrates the projected natural gas savings over one-12 month period.

Table 12. Annual Average Savings Projection
	
	Best Case
	Base Case
	Worst Case

	NPV
	$9,050 
	$7,338 
	$4,233 

	IRR
	128.9%
	97.9%
	  55.9%

	Regular Payback (yrs)
	0.8 
	1.0 
	1.5 

	Shareholder Value Payback (yrs)
	0.9 
	1.1 
	1.8 


3.4.2.4.5 Recommended Next Steps
Funding allowable, this project should occur in conjunction with the heater install so the software will only need to be set once.
Total Natural Gas Savings 2.3%
3.4.3 Total Gas Savings
Based on final estimates of each sub-project, it is thus easy to speculate that total gas savings based upon full implementation will reach 47.7%.  The student team approaches this number with caution, for these estimates are based upon isolated installation.  In fact, numerous co-dependencies exist among the recommended projects wherein the savings of one project may cannibalize the original estimates of a later-implemented project.  The boiler replacement and makeup air unit projects remain fairly independent of one another, but the makeup air unit project will greatly intermingle with the air equalization system.  Considering all such implied relationships, the team estimates a full realized savings of 40.22%, or $92,003 annually.

Table 13 demonstrates the combined potential savings if all suggested projects are implemented.
Table 13. Potential Gas Savings
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Total Natural Gas Savings 40.22%
4. Awareness
Project awareness is a key priority. As with all strategic plans and awareness programs, communications with the membership and external audiences is a fundamental element. This awareness plan is a guide for moving information throughout PBC. The plan should be reviewed annually to insure its strategies for awareness are being accomplished within the context of a constantly changing environment. Elements of each year’s awareness plan need to be rolled into the succeeding year to maintain momentum achieved in various public awareness activities, while implementing new tactics, or broadening the focus. This awareness plan is the framework for future plans and a benchmark for measuring performance in years to come. (See an example newsletter on the following page)
 Roadmap to Success
With an understanding that integrating sustainability requires more than changes to business processes alone, the natural gas awareness plan strives to develop the necessary capabilities and culture of creating change through spreading awareness. The awareness plan will work toward building sustainability into the personal accountability and objectives of PBC associates while simultaneously acting as a lever to communicate the progress of sustainability goals. 
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 PBC Denver - Awareness Plan
Inefficiencies Cost Money



           Advancing Pepsi’s energy efficiency helps to reduce costs while minimizing environmental impact. When producing and distributing products, Pepsi aims to use the best possible mix of energy sources while improving overall energy use and efficiency.
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Sustainability considerations are important to business and financial processes due to social and environmental risks. These values guide the suggested business processes: 

· Annual planning

· Three-year business planning

· Internal audit planning
 Energy Conservation Toolkit            Collect data and benchmark energy use to identify reductions and efficiencies. Significantly improving energy efficiency at PBC facilities will result in the reduction of their natural gas consumption, their carbon footprint, and associated risks.  In addition, it will deliver considerable cost savings and reputation benefits, which creates a source of competitive advantage. 

Table 14. This article illustrates a potential energy awareness newsletter.
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5. National Expansion Plan

5.1 Summary

The student team has laid out a systematic, scalable guide for conserving gas at Pepsi facilities nation-wide with similar equipment.  The national expansion plan will be dispersed to other facilities and, following the steps listed below, said facilities will be able to realize significant gas savings.  Total gas savings will vary from facility to facility based upon current equipment conditions and local weather trends.  
5.1.1 Set Goals

Before starting any natural gas project, it is essential to explicitly define what the goal of the project is.  Is the objective simply to reduce dependency on natural gas, is it to go green, or is it to increase the bottom line via cutting costs?  While the answer to this question will vary based upon the motivations of each facility manager, it is important to keep the end goal in mind from project initiation to completion to ensure focus and avoid scope creep.
5.1.2 Track Gas Usage

You cannot change what you are not measuring.  Thus, it is essential that gas usage is tracked on a daily basis in all facilities proposing to implement any gas conservation projects.  In order to be fully aware of facility gas usage, the following steps must be taken prior to any project implementations:

1. Identify all gas meters in the plant

· Which processes are associated with which meter?

· Are there enough meters to determine how much gas is used by each process?

· Should more meters be installed?

2. Start taking daily readings of these meters and record readings in an Excel spreadsheet.  Readings should ideally be taken at a consistent time every day.
3. Graph daily usage in Excel in order to begin the development of facility-specific KPI’s
· Update this graph daily to include the most recent data entered
4.  Analyze trends of gas usage

· Does gas usage fluctuate with the seasons (indicating large gas consumption in building heat), or is it fairly stable (indicating large gas consumption in process heating)?

· Which processes use the most gas?

5.1.3 Search for Inefficiencies

In a Pepsi bottling facility, there are so many processes running at once that it can be difficult to monitor everything on a daily basis.  In an attempt to alleviate the work necessitated in implementing gas savings, the student team has identified a number of checks for facility managers to get their savings programs off the ground.
5.1.3.1 Boilers
Boilers consume more gas than any other piece of equipment.  It is absolutely essential to keep boilers well maintained.  Aging boilers run far below the efficiency of new boilers.  If any of these 3 conditions are met, replacing the equipment should be considered:

· Boiler is running at less than 80% efficiency

· Oxygen level in the boiler is above 50%

· The boiler was installed more than 25 years ago

5.1.4 Digital Controls
If the bottling plant uses digital controls and software to control equipment operation, this is a great area to start making adjustments to maximize efficiency of gas usage.  For example, water heaters can be reset to shut off when a set temperature is reached, and similarly set to turn on when a minimum temperature is reached.  Additionally, equipment such as process pumps and makeup air units can be programmed to run on lean schedules, therein resulting in considerable gas savings.  
5.1.5 Weather Analysis

Use a weather database like http://www.crh.noaa.gov/crh/ to determine the number of days it will be necessary to run heating equipment based upon a plant’s climate and location.  Many plants have equipment set to automatically run between October and April, yet lack controls to shut off said equipment when the temperature rises significantly within the aforementioned timeframe.  There is no need to heat the makeup air on a 70ºF March day; an inexpensive install to automate the shutoff of such equipment will save thousands of dollars annually.  

5.1.6 Insulation

This is the cheapest and fastest way to start reducing gas usage.  The entire steam distribution system, including piping and valves, should be thoroughly insulated.  By reducing heat loss in the distribution system, the steam and return condensate will remain at higher temperatures and thus reduce the demand for steam production, and consequently require less natural gas.
5.2 Establish Key Performance Indicators

Key Performance Indicators (KPI’s) are measures that monitor facility’s performance.  In terms of gas, the two most important KPI’s are easily calculated:
5.5.1 MMBtu/Case Produced
This number is based on the daily gas reading collected and the number of cases produced at a given facility.  Simply take the total gas usage for a day, measured in millions of British Thermal Units, and divide that number by how many cases were produced in that same day.
5.5.2 MMBtu/day

This is the total amount of gas used in a day.  Again, this is derived from the daily gas meter reading.
5.3 Ensure Accountability

The plant manager is the decision maker and the driver of change.  It will be up to the manager to decide which projects are most suitable to pursue.  Once that choice has been made, the responsibilities involved should be delegated in order to make the project a success.  Throughout this process, it is essential that a leader takes ownership of each task necessary to start saving gas at the bottling facility.  The action planner below is a good initial guideline.  Assign each task, making sure that each person responsible knows when they are expected to have the work done.  Additionally, make it very clear what the definition of ‘done’ is to all employees involved in any change project.
Table 14 is a chart to track actionable items, and in Pepsi terminology is an Executional Planner.

 Table 14. Executional Planner
	Natural Gas Conservation Execution Planner
	
	

	Task
	Person(s) Responsible
	Goal
	Actual

	Identify all gas meters in plant
	Maintenance Mgr.
	
	

	Start taking daily readings, track data with Excel
	Process Compliance Mgr.
	
	

	Graph data with Excel and analyze trends
	Process Compliance Mgr. 
	
	

	Check boiler efficiency
	Maintenance Mgr.
	
	

	Check oxygen levels of boilers
	Maintenance Mgr.
	
	

	Check date of boiler installation
	Maintenance Mgr.
	
	

	If DDC controls are in place, check for automation opportunities
	Process Compliance Mgr.
	
	

	If applicable, determine how many days/year the makeup air and process pumps can be shut off
	Process Compliance Mgr.
	
	

	Insulate pipes
	Maintenance Mgr.
	
	

	Calculate MMBtu/case produced
	Process Compliance Mgr.
	
	

	Calculate MMBtu/day
	Process Compliance Mgr.
	
	


6. Economic Plan

6.1 Purpose

As with all projects at PBC, proper cost-benefit analysis must be followed. While the economic justification of each project is provided within their individual write-ups, it is important to evaluate the recommendations as a whole.  The cost-benefit analysis contains base-case scenario information for each project. For best and worst-case scenario, please see the calculations of each project within the above write-ups.
Table 15 conveys an overview of the cost and benefits for quick wins and the top three capital projects.

Table 15. Cost/Benefit Analysis
	Cost / Benefit Analysis

	 
	 
	Benefit
	 
	 
	 
	Cost
	 
	 
	 
	Pay-back

	 
	Year 
1
	Year 

2
	Year 

3
	Year 

4
	 
	Year
 1
	Year 

2
	Year

 3
	Year 

4
	
	((years)


	Totals

	Tangible

Reduced Gas Usage
	$215,757
	$136,313
	$137,350
	$138,565
	
	$166,938
	$315,940
	$ 0
	$ 0
	
	3.0

	Intangible

Building Emissions (in pounds of CO2)
	2.1 mil
	2.1 mil
	2.1 mil
	2.1 mil
	
	$ 0
	$ 0
	$ 0
	$ 0
	
	N/A

	By Project

	Quick Wins
	
	
	
	
	

	Insulate Valves

	$ 703
	$703
	$703
	$703
	
	$2,001
	$ 0
	$ 0
	$ 0
	
	2.8

	Water Heater Schedule
	$2,190
	$2,190
	$2,190
	$2,190
	
	$368
	$ 0
	$ 0
	$ 0
	
	0.17

	Capital 
Investments

	Replace Kewanee Boilers with 4 Direct Flo Heaters 
	$157,187
	$77,743
	$78,680
	$79,995
	
	$87,000
	$308,940
	$ 0
	$ 0
	
	3.4

	Install Thermal Equalizer Fans
	$36,255
	$36,255
	$36,255
	$36,255
	
	$70,890
	$ 0
	$ 0
	$ 0
	
	2.6

	Automation of Makeup Air Tempering 

(8 handlers)
	$19,422
	$19,422
	$19,422
	$19,422
	
	$13,679
	$ 0
	$ 0
	$ 0
	
	0.9

	Operational / Maintenance Cost

	Thermal Equalizer Fans Maintenance 
	$ 0
	$ 0
	$ 0
	$ 0
	
	$ 0
	$ 0
	$2,000
	$3,000
	
	N/A

	Total Benefits/ Costs
	$215,757
	$136,313
	$137,350
	$138,565
	
	$166,938
	$315,940
	$2,000
	$3,000
	
	3.0

	Benefits less Costs
	$48,819
	$179,627
	$135,350
	$135,565
	
	
	
	3.0


6.2 Keys Facts

The benefits in Year 1 are realized after a 12-month period of installation.  The cost-benefit analysis of the three capital projects is based on PBC’s capital forms. The benefits of the Direct Flo units are an aggregate of savings from decreased gas usage (trended up at 6.4%) and avoided maintenance and regulation fees (trended down at 8% annually).  

The intangible benefits of this project are significant in terms of lower building emissions, which are represented in the cost-benefit analysis as pounds of CO2 saved annually. The student team estimated future savings in pounds of CO2 as follows:

The intangible benefits produced by the Direct Flo Heaters are estimated to accounts for 50% of total emissions saved, the emissions savings from the Direct Flo project were then doubled to account for savings realized through the other recommended projects.

At this point, to the team members’ knowledge no significant operational or maintenance costs will be incurred through implementing the new projects outside of those mentioned in prior calculations. However, the new equipment is subject to depreciation and eventual maintenance costs (as is represented by decreasing the savings in boiler maintenance by 8% on an annual basis, which is representative of expected increasing maintenance costs of the heating units as time progresses).  
6.3 Summary and Economic Justification

The total projected benefits for next four years ranging from $133,979 to $134,757 annually. However, these benefits are based on individual projects’ data. As previously mentioned, the savings of one project is expected to cannibalize the benefits of a later implemented project.  The final estimated benefits of all quick win and the top three capital investment projects are estimated to amount to $88,946 annually. Total payback period for all projects is 3.0 years, which abstracts from potential future savings on emissions taxes.

7. Future Suggestions

As the project team progressed with its initial research, due to scale, scope, capital requirements, or extended payback periods certain projects were eliminated early on by the student team, several of said projects could represent significant future savings as technological developments occur or as another team steps in to continue the work on the natural gas conservation project.  The most significant eliminated projects are discussed below for future consideration.
7.1 Solar Hot Water Heating
7.1.2 The Basics 
Solar hot water heating uses basic principles and components to capture incoming solar radiation and transfers the heat produced to hot water needed for domestic, commercial, industrial, and other uses. Although the initial cost of solar water heaters is higher than that of conventional water heaters, the fuel (sunshine) is free and environmentally friendly.  Furthermore, after the initial payback is received the adopting facility will be operating on the smart grid, meaning Pepsi could either be obtaining free energy or could be paid by the utilities companies for giving back energy it has produced but not used.   
7.1.3 Solar Hot Water System Types
Glycol closed loop solar hot water systems use a heat-transfer fluid mixture to capture heat, and a heat exchanger to transfer the heat thermally to water.  Active closed loop systems use electric pumps, valves, and controllers to circulate the heat-transfer fluid through the collectors.  The water-glycol mixture makes these systems particularly appealing for Colorado’s freeze-prone climate.
7.1.4 Components

There are a several important components to any solar heating system.  These components include:  collectors, storage tanks, piping, controls, and pumps.  This active system would use pumps to circulate the water, or heat-transfer liquid, through the collector loop. 
7.1.4.1 Collectors
Evacuated tubes use vacuum-sealed tubes to heat a copper pipe, which is used to heat the transfer fluid as it travels through a manifold at the top of the solar collector. This is most effective in colder climates. 
7.1.4.2 Controls and Circulator
Solar heating systems are generally controlled and monitored by a differential temperature controller.  The temperature is generally measured at the solar collector outlet, and at the storage tank.  When the collectors are warmer than the tank, the controller will turn on the circulator which cycles the heat-transfer fluid through the collectors and the heat exchanger in, or next to, the storage tank.
7.1.5 Heat Exchangers
The heat exchanger is used to transfer the heat from the heat-transfer fluid to the potable water that is used within a facility’s water supply.  The heat exchanger is simply a coil of copper pipes submerged in the storage tank, or in an adjacent external compartment. 

7.1.5.1. System Suggestions

  Average daily insulation level = 1,443 Btu/ft2/day
· 124 Solar Tubes per 100 gallons of water kept at 120 degrees Fahrenheit 
7.1.6 Total Collector Area

 2.75m2 for 25 tube collector = Approximately 5 collectors and 13.75m2
Table 16 displays the payback period for investment in a solar alternative.

Table 16. Theoretical System Payback Period

	SunMaxx Solar Hot Water Heater:
	80 – 120 Gallon Pre-Packaged
	$3,999.95

	 
	Installation/Balance
	$1,320.00

	 
	Total Installed Cost
	$5,319.95

	Federal/State Incentives:
	Solar Hot Water
	$1,500.00

	 
	Federal Res. (30%)
	$1,146.00

	Cost of System after Incentives:
	 
	$2,673.95

	 
	Estimated Annual Savings:  
	$600.00

	 
	Electrical Cost Increase Rate:
	Not Figured


	Payback Period Calculation Chart:

	Year
	Annual Savings
	Remaining System Cost

	Year 1
	$600.00
	$2,073.95

	Year 2
	$600.00
	$1,473.95

	Year3
	$600.00
	$873.95

	Year 4
	$600.00
	$273.95

	Year 5
	$600.00
	-$326.05


7.2 Energy Awareness

Aside from solar heated water, energy awareness was also considered as a key project in the initial project phase.  While this was eliminated due to stretching beyond the scope of the natural gas conservation project (focusing as much on electricity and other utilities as it did on gas), it still hosts the potential for significant gains.
7.2.1 Energy Management Fundamentals
Through the ENERGY STAR Program, the U.S. Environmental Protection Agency has identified the fundamental elements of successful energy management:

· Executive commitment to continually improve energy efficiency across the entire corporation, including clear processes and tracking systems to identify opportunities
· An empowered corporate energy director and energy team supported by sufficient human and financial resources
· A corporate energy policy that is accounted for at the top levels of the corporation
· Aggressive, numeric energy goals that stretch performance targets to draw out creative innovations
7.2.2 Energy and Climate Risk Assessment Questions
· How vulnerable are operations, including those of suppliers, to energy supply disruptions?
· How vulnerable is the business to energy price volatility and/or increases?
· How will any climate change regulations affect energy use in terms of cost, compliance, or incentives?
· How will suppliers and customers be affected by climate change regulations?
· How vulnerable is the business to concerted pressure by stakeholders around climate change?
7.2.3 Current Energy and Climate Management Questions

· How much energy does the organization require to function effectively today?

· How does current energy needs compare with those of the company’s best global competitor?

· Who is accountable within the organization for procuring and managing energy use?

· What energy use or cost savings are possible? 

· Are energy productivity and efficiency goals in place, with achievements measured and recognized?

· What are the company’s greenhouse gas emissions, and where do they occur?
7.2.4 Total Energy Management
Energy prices have increased at an alarming rate, and interest in environmental responsibility is at an all time high. Many organizations are looking for ways to conserve energy, reduce carbon emissions, and save on overall utility costs.  While total energy management is very complex, there are some relatively simple strategies that can reduce your company’s energy consumption, lower costs, and advance conservation goals.
Appendix

A-1. Key Performance Indicators
The purpose of the Key Performance Indicators (KPI’s) is to show how the student group tracked natural gas usage at the Denver Pepsi bottling facility. In addition, the KPI’s include targeted natural gas consumption based upon full implementation of the student team’s recommendations.  Aside from measurement tools, two diagrams are included as process maps for gas utilization.  
1. Natural Gas Usage

The below chart measures natural gas usage throughout the Pepsi facility from January 2007 through December 2009; a target ceiling has been set for gas consumption.  The green region represents low targeted gas consumption, the yellow region represents a danger zone, and the red region represents significant inefficiencies.       
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2. Natural Gas Per Case Usage
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The KPI below measures natural gas usage per case produced from January 2007 through December 2009. 
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The following KPI indicates process-specific gas usage, drilled down to the depth possible with the current meter system, followed by expected expenditures after project implementation.  

3. Natural Gas Usage Per Process
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The following diagrams illustrate recommended locations for future meters in order to allow for gas measurements to occur on a per process basis rather than at an aggregate level.
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Recommendations for future gas meters

4. Building Heat Process Map
The below diagram represents the current building heat process, which has been the student team’s main focus for change; with implementation of the new Direct Flo units, Kewanee units 1-5 will be replaced with four Direct Flo heating units, and all process pumps will operate under a controlled flow rate.
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5. Process Heating Process Map
The below diagram depicts process-oriented heating (steam systems); this region was noted as an area for potential savings, but due to engineering complications and the risk of endangering the production lines process heating was avoided by the student team, as indicated in the write-up.  
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A-2. Water Heater Schedule Information

Evidence for the water heater schedule project includes: calculations of savings, water heater gas usage data provided by PBC, and a quote of labor required for programming from WestCo Systems.

The peak temperature of 134(F is not necessary at all times, 100(F was estimated by the project manager to be an adequate temperature, especially during off-peak hours when demand for hot water is low. The automation of the water heater will therefore save 25% of water heater related expenses. Based on historic data, average daily consumption of water heater gas costs PBC $24, and total gas expenditures in year 2009 came to $228,750.

The supporting calculations are as follows:

0.25 * 24 = $6 daily savings

365 * 6 = $2,190 yearly savings

2,190 / 228,750 = 1.1% of total gas saved.

Following is the quote from WestCo System.

A-3. Valve Insulation Information

All facts used in the valve insulation project are grouped in a spreadsheet titled “Payback Program Pepsi Bottling.”  The worksheet entitled “Calculation Page” contains a MMBtu loss calculator and all of the data contributing to calculations of material, installation, and tax costs.  The total number of MMBtu saved with insulating valves was compared to the Pepsi bottling facility’s 2009 expenditures.    

The savings were calculated by the supplier of ISO Covers to be 140.65 MMBtu. PBC’s gas consumption reached 42,941 MMBtu in year 2009. 

140.65 / 42,941 = 0.33%       

The following page contains Excel spreadsheet calculations.  

A-4. Boiler Information

4.1 Current Process
The process heating system runs on four Cleaver Brooks steam boiler units.  These units can be further subdivided into Cleaver Brooks Boiler 6 (discussed shortly below) and Cleaver Brooks Boilers 1-3, which process hot water into steam, push it through a steam head pipe, and then direct the steam to be used in: shell washing and a steam-to-hot-water heat exchanger in building one and two, six rail car heat exchangers, and a steam-to-hot-water heat exchanger in the fructose building.  Boilers 1-3 are all 70 horsepower units, and each unit, throughout the heating steam, consumes 2,292 MMBtu/hr.  As a note, the rail car heat exchangers are essential to Pepsi’s operations, for it keeps tankers of high fructose corn sugar in a liquefied state; should the sugar crystallize it must be returned for reprocessing, a very expensive process.  Cleaver Brooks Boiler 6 is a legacy system initially brought into place for the Lipton Ice Tea line, when Lipton Ice Tea and Pepsi parted ways the boiler was left behind for PBC’s utilization.  The boiler is a 600 horsepower unit, which when running at capacity can consume 25,106 MMBtu/hr.  Boiler 6 feeds steam into a steam head pipe, which then redirects steam towards several steam-to-hot-water heat exchangers for bottle line one and two, for the can line’s clean-in-place system, for the mix tank’s clean-in-place process, and for the storage tank’s clean-in-place system.  

Both the process heating subunits (Boilers 1-3 and Boiler 6) provide 15 lb psi of steam to production heating.  It has been noted that the Cleaver Brooks units are running at an efficiency level on par with industrial averages (80%); Boiler 6 would be running at efficiency if its full capacity was being used, but the unit is drastically oversized for the current processes it supports (with utilization estimates ranging from 5-15%).  Based upon historical data from the past year, Boilers 1-3 jointly consume 7,198 MMBtu/year costing Pepsi Beverages $35,681 annually, whereas Boiler 6 consumes 22,464 MMBtu/year while consuming $79,351 annually of Pepsi Beverage’s capital plan.  

Building heat, as opposed to process heating, is run through a system of interlinked Kewanee units.  Similar to the process heating system, building heat can be broken down into two subunits.  The east side of the building is supported by three Kewanee double pass hot water boiler units (Kewanee 1-3).  Kewanee 1 and 2 run at 208 horsepower and consume 6,982 MMBtu/hr, whereas Kewanee 3 is a 200 horsepower unit and consumes 6,695 MMBtu/hr.  At present, Kewanee 1-2 have adequately supported the building’s east side heating needs, consequently Kewanee 3 has been turned off and remains in place for emergency needs.  All hot water enters these units and is directed into a main header, from the main header water is directed into one of seven hot water pumps.  The hot water pumps run at 30 psi, and when running at full capacity direct 3,150 gallons of heated water per minute.  No controls exist on these pumps at present, and all valves remain open.  Within the east side subunit, pumps 1 and 2 direct hot water to twenty-one unit heaters (with intakes ranging from 5 gallons per minute to 13 gallons per minute and 125 MMBtu/hr to 390 MMBtu/hr) and four makeup air handler units (all consuming 25 gallons per minute at maximum capacity, with a range in gas consumption from 250 MMBtu/hr to 625 MMBtu/hr).  Hot water pumps 3-4 similarly direct water towards two makeup air handling units (25-50 gallons per minute and 250-500 MMBtu/hr), fifteen unit heaters (9 gallons per minute and 225 MMBtu/hr), along with five HVAC units.  Said HVAC units consume between eight and fifty gallons of water per minute, yet individual gas readings are not available thus gas consumption for these units is a factor of the gas consumption on the individual boilers.  Finally, hot water pumps 5-7 provide heated water for thirteen makeup air units (25 gallons per minute and 625 MMBtu/hr), forty-seven unit heaters (5-9 gallons per hour at 125-225 MMBtu/hr), along with one HVAC unit (consuming 25 gallons per minute, again with gas consumption as a factor of boiler usage).  Once all units have been heated, the water completes a return loop to re-enter the boiler units.  The entire east side building heat supplies approximately 85% of building heat to Pepsi Beverages, and consumes 8,975 MMBtu/year based on 2009’s figures, costing a total of $31,703 annually.  

The second subunit of building heat provides the remaining 15% of building heat (primarily to the upper and lower Arkins Court Warehouse).  Said subunit consists of two Kewanee double pass hot water boilers (Kewanee 4 and 5).  Both units run at 500 horsepower and consume 16,738 MMBtu/hr.  Importantly, Kewanee 4 has recently been decommissioned, yet has not been removed from the system.  Hot water enters Kewanee 5 and is directed to a main header, which then passes water through one of three 125 psi hot water pumps.  The three water pumps direct water towards three makeup air units (25 gallons per minute at 625 MMBtu/hr) and ten unit heaters (5-9 gallons per minute at 125-225 MMBtu/hr) in the west lower Arkins Court region, and supports four makeup air units (25 gallons per minute at 625 MMBtu/hr) and forty-one unit heaters (3-17 gallons per minute at 75-225 MMBtu/hr) in the west upper Arkins Court region of the facility.  Once all units have been heated, the water cycles back to return to Kewanee 5.  The entire west side heating process consumes 9,264 MMBtu/yr costing Pepsi Beverages $52,312 annually.  

The east and west building heat processes are joined at their main headers by a pipe and valve system which remains closed during normal conditions.  Should one of the units fail, the valve can be opened and boilers from the different subunits can provide hot water to the other subprocess.  This, notably, is a last resort, for the amount of gas used per boiler nearly doubles when such a system is utilized due to the extended period of time and distance the water remains away from the boiler units.   

While the Kewanee boiler units are aged (installed in the 1970’s), they have been maintained extremely well.  Their boiler efficiency ratings, as tested by T&M Services, remains at industry averages (80-86%), while system efficiency is predicted to be 60%.  As a characteristic of older hot water heaters, water must be warm when it enters the boiler unit or it will shock the system and destroy the unit.  To compensate for this design problem, many facilities have engineered a system of mix water, wherein heated water leaving the boiler is forked; one pipe leads the water through the building at a slow rate to allow the water to lose its heat within the building and units it is supporting, when the water returns cold, the secondary pipe loop directs hot water coming out of the boiler to mix with the cold returning water, thus heating it before it re-enters the unit to avoid shocks and equipment damage.  Rather than taking this approach, Pepsi’s system has elected to propel water quickly through the system.  In giving the water a high velocity, minimal heat loss occurs in the building and the water returns hot to the boiler, therein avoiding shocks.  Currently, water leaves the boilers at 185 degrees Fahrenheit, and returns at 175 degrees Fahrenheit; meaning a heat loss (Delta T) of only 10 degrees within the building.  Additionally, while thermal controlled valves were originally installed throughout the building, most said valves are non-functional.  Such valves should act to automatically shut off water intake to units when a nearby thermostat is at a predefined level.  Without functioning valves, hot water is supplying units with heat that is not needed.  A problem arising here is in the fact that any thermostat controls placed in the warehouse have been damaged by forklift operations; to combat this problem Pepsi placed control units high on the walls where they could not be damaged, which has unexpectedly created the problem of them being too high for use.  As a result, heat is being supplied without shut-off controls to many units, resulting in waste.  

Discussed above is the current building and process heating systems in place.  Due to the size of the boilers and city regulations, Pepsi Beverages spends approximately $1,000 annually on filing measurements for said units, along with $30,000 on required checks and audits.  Important notes are that both the Kewanee and Cleaver Brooks lines of equipment have been discontinued.  As a result, any control methods or technologies the student team researched would come with an additional cost to pay engineers to retrofit modern equipment to older units.  To compound the problem, said units are expected to breakdown and need replacement within the next 4-5 years (per Dan F.), meaning that any boiler improvements would need to have a payback period within this time frame.  Risks exist in that this timeframe is an overestimation, and any controls added to the system would not actually lead to a payback.  Additionally, in touring the facility all boiler rooms were noticeably warm, resulting in an unmeasured amount of heat loss on a daily basis due to radiant heat loss.
4.2 Processes Analyzed 

Prior to arriving at a recommended systems change, the student team underwent several research initiatives regarding the boiler units in place.  Originally, a system of high-tech controls were examined with plans to retrofit said controls to the older Kewanee units in order to reduce inefficient cycling.  Unfortunately, such controls (compounded by the engineering fees and special equipment needed to retrofit said controls) would only produce gas savings if the boilers cycle at more than 10 times per hour, which is not the case.  Additionally, such controls would have a payback period of 5-6 years, which is past the projected life remaining in the units.  

Once the controls were discarded as a plausible result, the team began investigating possibilities for removing the oversized Cleaver Brooks Boiler 6 unit and replacing it with a more suitably sized unit.  Due to the age of the unit, however, boiler vendors would not be interested in purchasing the unit from Pepsi.  Without this selling potential, the cost of such a project (including engineering fees, piping, the boiler unit, sourced labor fees, registration fees, and crane costs to remove the current unit) exceeded $850,000 with an unsure and lengthy payback period.  

After moving past the option of replacing Cleaver Brooks Boiler 6 with a more suitable unit, the team began examining steam boiler options and steam reunification systems.  Due to different pipe sizes throughout the plant, however, reunification systems would cause pressure problems within the pipes, and steam changes could fundamentally alter the production processes, which is notably out of scope for the student team due to the dangers and risks such an alteration poses to the profitability of Pepsi.  

Ultimately, these constraints resulted in the team following initiatives regarding building heat process changes rather than process heating alterations.  Initial investigation into such initiatives resulted in the team researching condensing boilers to replace the current hot water boilers.  Condensing boilers are notably more efficient than the current boilers (approximately 85-97% boiler efficiency), yet carry a large capital outlay (approximations near $500,000 plus installation and engineering costs, totaling to over $800,000).  Additionally, a bi-product of a condensing system’s operations is an acidic precipitate that drains into piping systems and corrodes the existing piping infrastructure, resulting in extensive repair fees in later years of operation.  

The following documents are communications and sales information provided by Armstrong International for economic calculations throughout the project, as well as a capital budget form completed per Pepsi’s requested format:  

A-5. Thermal Equalizer Information
The Department of Defense, though it's Navy Technology Validation Program, has reviewed the Thermal Equalizer and has concluded that the annual savings from using the thermal equalizer ranges from 15 to 50 percent of natural gas consumption.  Independent users of this product have confirmed these savings. 

Scott Canby of Avedon Engineering toured the Pepsi facility with Dan F. and estimated the ceiling height to vary between 20-25 feet. Based on the height and the size of the facility, Scott recommended that the Airius Thermal Equalizer Model 45 be installed. The cost of this project, if the fans were to be installed in the processing area as well as the warehouse, is estimated to be $70,890; not including installation costs. Avedon does not provide installation. 
Table 19. Thermal Equalizer Specs
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A-6. Makeup Air Units Information
WestCo Systems performed a walk-through evaluation of the current DDC controls and determined that new controls and automated programming can be implemented.  These implementations will achieve the goal of reducing natural gas usage through a controlled, reasonable temperature reduction for the start-up of the makeup air tempering system.  The cost of this project will be $1,709.88 per makeup air handler, and there are eight applicable handlers.  If all eight handlers have the improvements implemented, the total cost will come to $13,679.04. The following is a quote provided by WestCo Systems.
A-7. Process Pump Information
The evidence used to calculate the final assessment of the process pump project includes Denver weather data, an estimate of gas reduction based on historical data, and a quote from WestCo Systems.  

The process pumps circulate hot water from the building heat boilers throughout the entire plant to maintain plant heat between October and April.  These pumps are generally left on everyday during this time span.  There are many warm days in this period, and only 2 of the 7 process pumps need to be used on days that are warmer than 45 degrees.  In order to automate the shutdown of 5 of the pumps, new pump controllers and software need to be installed.
A $6,759 install will achieve savings of 945 MMBtu/year.  The calculations and project cost estimate are detailed in the following pages.
A-8. Supporting Documentation
The aim of the Pepsi student team was to create a final deliverable that met Pepsi's objectives as well as to provide an informative, accurate, and concise document summarizing said results. In order to achieve those goals, steps were taken to document the work that was performed by the team members.  The following section is a compilation of all such project-support documents. 
A-8.1 Project Schedule
A-8.2 Workflow Diagram
A-8.3 Meeting Minutes

A-8.4 Status Updates

A-8.5 Stakeholder analysis
A-8.6 Risk Management 

A-8.7 Quality Assurance

A-8.8 Change Management
A-8.9 Contacts
A-9.0 Lessons Learned
A-8.1 Project Schedule
	Project Schedule

	Task 
	Responsible 

Person(s)  
	Start Date 
	Finish Date 
	Dependencies (within
 and outside the project) 
	%

Complete

	PROJECT PLANNING 

	Initial research 
	Alexi 

Ashley 
	1/20 
	1/27 
	None 
	100% 

	Identify assumptions, objectives, and scope
	All 
	1/20 
	2/8 
	None 
	100% 

	Create project charter 
	Alexi 

Jitka 
	1/27 
	2/8 
	Assumptions, objectives, and scope 
	100% 

	Team roles and responsibilities 
	All 
	1/27 
	2/8 
	Evolving 
	WIP 

	Work Breakdown Structure 
	All 
	1/27 
	2/8 
	Project objectives 
	100% 

	Project Schedule 
	All 
	1/27 
	2/8 
	Brainstorming session
	100% 

	Cost-Benefit Analysis 
	All 
	1/27 
	2/8 
	Initial research, WBS, team responsibilities, vendor quotes, studies of savings
	100% 

	Stakeholder Analysis 
	All 
	1/27 
	2/8 
	Facility tour, brainstorming session 
	100% 

	Risk Management Plan 
	All 
	1/27 
	2/8 
	Facility tour, brainstorming session 
	100% 

	Initial plant tour 
	All 
	1/29
	1/29 
	None 
	100% 

	Complete 1st deliverable 
	Jitka
	2/8 
	2/10
	All of the above 
	100% 

	Develop project story
	Alexi
	2/17
	3/3
	All of the above
	100%

	Assign final deliverable & update responsibilities
	All
	3/3
	3/7
	All of the above
	100%

	ANALYSIS 

	Obtain and release all essential data to student team 
	Dan 
	1/27 
	1/29 
	None 
	100% 

	Discuss initial thoughts on savings 
	All 
	1/27 
	1/31 
	Initial research, facility tour 
	100% 

	Alt. Energy 
	Ashley 
	1/27 
	3/15 
	PBC engineers, suppliers 
	100% 

	Valve Insulation 
	Jitka
	1/27 
	3/15 
	PBC engineers, T&M Services
	100% 

	Controls/Regulation of
drum heaters 
	John
	1/27
	3/15
	PBC engineers, WestCo Systems
	100%

	Boilers/Burners 
	Alexi
	1/27
	3/15
	PBC engineers, Armstrong
	100%

	Airius Thermal Equalizer
	Joey
	1/27
	3/15
	PBC engineers, Avedon Engineering 
	100%

	Temperature Controls 
	Sean
	1/27
	3/15
	PBC engineers, WestCo Systems
	100%

	Water Heater Schedule
	Jitka
	2/27
	3/15
	PBC engineers, WestCo Systems
	100%

	Identify KPI’s 
	Joey
	1/27
	3/15
	PBC staff, engineers, gas consumption data
	100%

	Develop draft strategies, economic, and action plans 
	All
	1/27
	3/15
	Saving strategies , quotes, saving studies
	100%

	Research methods for consumption measurement/cost 
	All
	1/27
	3/15
	Saving strategies, economic and action plans 
	100%

	Brainstorming Session with experts (PBC) 
	All
	2/6
	2/6
	Experts to attend (engineers, suppliers) 
	100%

	Meeting Notes 
	All
	Every
meeting
	4/15
	None 

  
	100%

	Status Reports 
	All
	Every
meeting
	4/15
	None 
	100%

	DRAFTING

	Change Management Plan
	John
	3/10
	3/17
	Project-specific research
	100%

	Update Risk Management Plan
	All
	3/10
	4/6
	Project-specific research
	100%

	Develop Quality Assurance Plan 
	All
	3/10
	3/31
	Project-specific research
	100%

	Update strategic, economic, and action plans 
	All
	3/10
	3/17
	Project-specific research
	100%

	Define and design Awareness Plan 

	Ashley, John, Sean

	3/10

	3/17

	Project-specific research
	100%

	Define and design energy research document to aide future project team


	Ashley

	3/17

	4/2

	Project-specific research 
	100%

	Develop visual supplements for KPI’s
	Joey
	3/17
	4/5
	Project-specific research, process map, data made available by Dan F.
	100%

	FINALIZATION

	Create presentation
	Ashley, Jitka
	4/1
	4/5
	Initial project write-ups, quotes, project-specific research
	100%

	Practice presentation to team members and feedback
	All
	4/5
	4/6
	Presentation
	100%

	Draft presentation to Hitachi
	All
	4/7
	4/7
	Presentation
	100%

	Modify presentation based on Hitachi feedback
	Jitka, John
	4/7
	4/14
	Hitachi presentation
	100%

	Lesson Learned, assign closing tasks 
	All
	4/7
	4/14
	Hitachi presentation, 1st deliverable, project write-ups
	100%

	Pepsi presentation 
	All
	4/16
	4/16
	Modified presentation
	100%

	Final presentation
	All
	4/21
	4/21
	Modified presentation
	100%

	Edit final deliverable
	All
	4/1
	4/27
	Project write-ups, research, quotes, presentation
	100%

	Print and assembly final deliverable
	Joey
	4/27
	4/28
	All documents
	100%


A-8.2 Workflow Diagram
Workflow Diagram
The Workflow Structure of the student team continuously evolved throughout the project, as is made evident by an examination of the Workflow Structure within the team’s initial deliverable as compared to the below items.  As projects were eliminated and cost figures examined, certain branches of the structure were reorganized or eliminated entirely.  Below is the first branch of the student team’s final Workflow Structure; each node denotes a key deliverable of the student team, along with an additional node representing all activities falling into the realm of project management:  

	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	


Deliverable Nodes
Each of the deliverable nodes from the primary structure (blue) can be further broken down into related activities.  All such breakdowns are illustrated in the following diagrams.  Please note that within the breakdown of the node ‘Cut 5% of Natural Gas Usage’ all gas savings projects are listed (purple), along with the activities related to said projects (pink).  The activities related to each individual gas savings project are identical, thus have only been illustrated once within the diagram:
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Key Performance Indicators
Below is a further breakdown of the node ‘Develop Key Performance Indicators (KPI).’  A Key Performance Indicator is Pepsi-specific terminology for a series of visual measurement devices indicating: adequate performance, ideal performance, and inadequate performance levels.  The actual KPI’s developed by the project team can be viewed within the appendix, and are illustrative of Pepsi’s current gas consumption levels, historic gas consumption, and projected consumption levels after full project implementation:
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Awareness Plan
The ‘Awareness Plan’ activities of the student group were further subdivided into Denver-specific activities and plans for nationwide expansion of the Natural Gas Conservation Project.  As is indicated within the awareness plan documentation, gas savings projects for other botteling facilities will be heavily dependent upon many local environmental and regulatory conditions.  
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Project Administration Activities
Finally, project administration activities must be examined.  Such activities are broad in nature and have spanned the entire term of the project.  The output of said activities can be seen mostly within the supporting document section of the final deliverable. 

[image: image10.png]Project Admin

. Stakeholder
ualty Assurance | R s Lear
Qualty. RiskManagement s Lessons Learned

ProjectSchedule | Status Updates





A-8.3 Meeting Minutes
	Case Study Meeting


	Minutes
	1/24/2010
	6:00 PM
	Leeds School of Business

	Meeting called by
	CU Student Team

	Type of meeting
	Status Updates & Brainstorming

	Facilitator
	CU Student Team

	Attendees
	Joey, Ashley, Jitka, Sean, John, Alexi

	Agenda Topics

	2 hours
	Case Studies
	CU Student Team

	Discussion
	The team discussed five research cases involving steam systems from boilers including: U.S. Steel, Terra Nitrogen, Goodyear, Chrysler, and Boise.  The student team brainstormed how these system changes could be put to similar use at the PBC facility and came up with a series of questions to ask Dan in the upcoming facility tour.

	Conclusions
	The team designed a tentative work breakdown structure and assigned work for the week.  Team roles will be discussed at the next meeting when project roles are assigned (research roles).  

	Action items
	Person responsible
	Deadline

	Read and be ready to discuss all case studies 
	All team members
	1/29

	Think of team role assignments for next meeting
	All team members
	1/29

	Identify assumptions of both student team members and PBC employees during the facility tour
	All team members
	1/29

	Be familiar with all info given during the facility tour by Sunday’s meeting
	All team members
	1/31

	Know the items due in class for next week
	All team members
	1/31

	PBC Facility Tour

	Minutes
	1/29/2010
	8:00 AM
	PBC-Denver

	Meeting called by
	CU Student Team

	Type of meeting
	Facility tour

	Facilitator
	Dan F.

	Attendees
	Dan F., Jitka, Joey, Ashley, Sean, John, Alexi

	Agenda Topics

	2 hours
	Tour
	Dan F.

	Discussion
	The tour introduced the student team to the 680,000 square foot facility which produces over 50 cases of Pepsi products per minute.  The student team will need to know the 38 points where gas is used in the facility, along with temperature controls and calibrations with condensation return systems.  Suspect steam traps were identified by the student team which are currently leaking hot water in the mixing room.  The CIP system might need a monitoring system.  The students were introduced to the heat exchangers, which could possibly be replaced with hot water heaters; the temperature needs to be monitored in these with a dew point monitor sensor and an exhaust recycling system should be explored which switches between boilers and hot water heaters.  Outside of the warehouse is a plastic shell washer zone which is very inefficient due to wasted hot water.  The paint booth operations were identified as a large source of gas usage, but could is not an ideal project area due to its separation from Dan’s area of influence.  There are questions regarding when the makeup air units should be switched on and off.  

	Conclusions
	The team was introduced to several processes that utilize natural gas, and will reconvene on Sunday for a brainstorming session to identify prospective projects to research based upon observations made during the tour.

	Initial Brainstorming Session

	Minutes
	1/31/2010
	6:00 PM
	Leeds School of Business

	Meeting called by
	CU Student Team

	Type of meeting
	Brainstorming/Research

	Facilitator
	CU Student Team

	Attendees
	Jitka, Ashley, Joey, Sean, John, Alexi

	Agenda Topics
	

	2 hours
	Research Possibilities
	CU Student Team

	Discussion
	At this meeting, the team identified all ideas for potential gas savings projects and assigned further research in an equal manner to team members.  The class schedule and deliverables were also examined, and work was split accordingly.  

	Conclusions
	Each team member has a minimum of two research topics to gather info on, assess the plausibility of, and calculate a cost-benefit analysis on.  Project deliverables will be worked on in class.  

	Action items
	Person responsible
	Deadline

	Research alternative/green energy sources
	Ashley 
	Ongoing

	Research possibility to adjust mixer room schedule
	Alexi
	Ongoing

	Research insulating steam distribution system
	Ashley
	Ongoing

	Research steam traps
	Sean
	Ongoing

	Research heat recapture system
	John
	Ongoing

	Research temperature controls to makeup air units
	Sean
	Ongoing

	Research thermal equalization system
	Joey
	Ongoing

	Research pipe cleanliness
	Jitka
	Ongoing

	Research boilers/condensing boiler possibility
	Alexi
	Ongoing

	Research valves that feed into boilers
	Joey
	Ongoing

	Research drum heaters
	Sean
	Ongoing

	Research heat recapture system
	Jitka
	Ongoing

	Stakeholder Analysis for everyone affected by projects in research groups
	All team members
	2/3/2010

	Cost-Benefit Analysis for items of research
	All team members
	Ongoing

	Risk Management Plan basics 
	All team members
	2/3/2010

	Project specific schedules
	All team members
	2/3/2010

	Think of roles and responsibilities
	All team members
	2/3/2010

	Status Update—First Deliverable Work

	Minutes
	2/7/2010
	6:00 PM
	Leeds School of Business

	Meeting called by
	CU Student Team

	Type of meeting
	Updates on research and assign work for first deliverable

	Facilitator
	CU Student Team

	Attendees
	Joey, Ashley, Jitka, Sean, John

	Agenda Topics

	1 hour
	Update Documents for First Deliverable
	CU Student Team

	Discussion
	This meeting was the Sunday before the first deliverable was due.  All members had updated their documents to Google Docs prior to the meeting.  Finalized work for the first deliverable was decided upon and listed in the action items.

	Conclusions
	Work assignments for final adjustments to first deliverable were made.

	Action items
	Person responsible
	Deadline

	Work Breakdown Structure
	Sean
	2/8/2010

	Work Breakdown Structure introduction
	Alexi
	2/8/2010

	Executive Summary
	Jitka & Ashley
	2/8/2010

	Roles and responsibilities
	John
	2/8/2010

	Distribute contact information from Pepsi meeting
	John
	2/8/2010

	Cost-Benefit Analysis update 
	All team members
	2/8/2010

	Unify formatting 
	Joey
	2/8/2010

	Finalize first deliverable
	Jitka
	2/9/2010

	

	Boiler Conference Call

	Minutes
	2/23/2010
	9:00 AM
	Conference Call

	Meeting called by
	Alexi Douvas

	Type of meeting
	Conference Call

	Facilitator
	John Rivers

	Attendees
	Alexi, John Rivers, Dan F., Matt Delverme

	Agenda Topics

	1 hour
	New Boiler Heating System
	John Rivers

	Discussion
Discussion (Continued)
	Examined the possibility of replacing the current Kewanee hot water boiler for building head with a new flo heater.  The flo heater can run at 100% efficiency with a combustion resulting in pure water, which can then be used in production lines.  Distinctions were drawn between boiler efficiency and system efficiency, wherein boiler efficiency can be running at 80%, yet system efficiency runs only at approx. 60%.  Currently, the Kewanee boilers must circulate water throughout the building at very fast speeds because if the water exiting the boiler (normally 140 degrees) returns too cold, the boiler will break down.  As a result, the heat per MMBtu gained is relatively small because the water is returning to the boiler system without being allowed to lose its heat throughout the building.  With the new heater system, the water could leave at 100 degrees and return at as low as 40 degrees, meaning more heat per MMBtu of natural gas used.

	Conclusions
	A rough estimate of 30% of the heating bill could be saved from implementing this new system, Dan gave his full support to further investigating this option.  Unfortunately, due to added engineering fees and low cost returns, the idea of subsidizing the hot water heating system with solar heated water would add very limited amounts of savings and would have a very lengthy payback period, so it is likely this idea will be eliminated from the WBS.  Rough estimates were made that total costs per heating system would be $65,000 per unit installed.    

	Action items
	Person responsible
	Deadline

	Matt will email Alexi with necessary questions for obtaining a final estimate for gas savings
	Matt D.
	2/24/2010

	Alexi and Dan will return the necessary information to Matt 
	Dan F., Alexi D
	ASAP

	

	Status Update with Dan

	Minutes
	2/26/2010
	8:00 AM
	PBC-Denver

	Meeting called by
	Dan F.

	Type of meeting
	Status Update

	Facilitator
	Dan F.

	Attendees
	Dan, Robin (HVAC), Joey, Jitka, Ashley, John, Alexi

	Agenda Topics

	15 min
	Heat Reunification System
	John

	Discussion
	John updated Dan F. as to the status of his research on the benefits of unifying all steam piping. Dan remarked that he believes the unification system would likely not save gas, but could in fact add flexibility should one of the main steam boilers shut down via allowing the other boilers to take its place.  A case such as this occurred when Boiler #6 went down earlier in the summer, and the plant operations were supported entirely by the basement units.  Robin indicated that this is an unlikely solution because there would be pressure issues in the piping, as pipes from one boiler system are 8 inches wide, whereas pipes coming from the basement boilers (the fructose boilers) are only 2-3 inches wide.  It was estimated that engineering costs for planning this project alone would amount to approximately $40,000.  

	Conclusions
	The steam reunification idea has been discontinued due to its unreasonable costs and pressurization issues.  

	15 min
	Thermal Equalizer
	Joey

	Discussion
	Cleared with Dan the fact that Scott (Avedon Engineering) needs to do a walkthrough of the plant in order to provide an appropriate estimate of costs and benefits for the heat regulation system.  Scott will be presenting in trade shows this next week, but Dan will contact Scott to set up an appropriate date.

	Conclusions
	Joey and Dan will both reach out to Scott to find when a good time for a plant tour would be and organize the facility tour ASAP.

	Action items
	Person responsible
	Deadline

	Contact Scott with dates to conduct facility tour
	Dan F. and Joey
	3/1/2010

	15 min
	Solar/Alternative Energy Research
	Ashley

	Discussion
	Presented the information in gas savings a facility can receive from solar heating subsidizing hot water boilers along with research on federal and state government rebates for greening technologies.  Because the cost of greening technology, most of these methods would prove to have a payback of 9 years.  Dan agreed with the student team that this was too long of a payback to be one of the three primary recommendations pushed by the project team, but suggested that the information be presented in a ‘Future Ideas’ section of the final deliverable along with an explanation of why such projects were discontinued by the project team.  This way, if such projects become more feasible in the future, he will be able to refer to the research, analyze why it was discontinued by the students, and identify whether conditions have been changed enough to further pursue said projects.

	Conclusions
	Ashley will discontinue further research on solar projects, but will note their benefits and efficiencies in the ‘Future Ideas’ section of the final deliverable.  Ashley was given blueprints to work on the process map.

	Action items
	Person responsible
	Deadline

	Document green projects in ‘Future Projects’ section. 
	Ashley
	Ongoing

	15 min
	Heat Recapture System
	Jitka

	Discussion
	Jitka and Robin discussed the valves and the heat recapture system.  It was determined that further research into improving the heat recapture system will be discontinued due to time constraints of the project and the estimated costs involved in re-engineering such a system.  Jitka will continue working on the valves project.

	Conclusions
	Jitka will discontinue research on the heat recapture system, but will progress with the valve insulation research.

	15 min
	Condensing Boilers/Boiler Controls
	Alexi

	Discussion

	Alexi presented to Dan on the idea of boiler controls being unfeasible to retrofit to the existing Kewanee boiler systems.  These controls will only save gas if the boilers are cycling over 10 times per hour, and even if this is the case, the payback period will be longer than 5 years, which is when Dan estimates the boilers will need to be replaced due to the age of the equipment.  Alexi and Dan spoke as to what information still needs to be presented to Matt for continued discussion of the Direct Flo heating system, and will be meeting in a conference call this coming week.

	Conclusions
	The boiler controls project will be discontinued, the condensing boiler project will continue.  Alexi and Dan will meet with Matt in a conference call this coming week.  

	Action items
	Person responsible
	Deadline

	Schedule conference call with Matt
	Alexi and Dan
	3/1/2010

	Forward all of Matt’s emails to Dan
	Alexi
	3/1/2010

	15 min
	Tips & Recommendations
	Dan F.

	Discussion
	Dan informed the student group about the changes occurring on Monday, when PBG is due to become PBC.  Dan will still maintain charge of the department and the project, but will bring Sean Crow (sean.crow@pepsi.com) on as a second.  Dan recommended the students start using an executional planner as one of the KPI’s, which is a schedule with a signature box for the PM, as well as discussed quick win options such as: putting in smaller hot water heaters for building heat rather than the one large one which requires that the water be left on for an extensive period of time to reach the end of the building and turning off the process pumps for the building heat boilers so they are not sending water out in a loop when it does not need to be leaving the boiler.

	Conclusions
	Established that anything over $2,000 is a capital expenditure and not a quick win; Dan defined quick wins as something along the lines of a process change.  Dan will track whether a gas usage differences was made after installing the smaller electric hot water heaters, and will work with Robin to test the idea of turning the process pumps off in the coming week.  Dan introduced students to the head of HR, and indicated the members of Pepsi the team would be presenting to, including: Matt (Plant Manager), Mark Allen (Quality Control Manager), Bob Dunst (Production Manager), Katie O. (Warehouse Manager), Jim Sheradin (Production Maintenance Manager), Tyron S. (VP of Great West BU), and select members from HR.

	Action items
	Person responsible
	Deadline

	Develop an executional planner
	Awareness Team (John & Sean)
	Ongoing

	Trace gas usage when electric water heaters were installed
	Dan F.
	3/5/2010

	Action items
	Person responsible
	Deadline

	Turn off process pumps for three days and trace gas usage
	Dan F.
	3/5/2010

	15 min
	KPI’s
	All

	Discussion
	Dan made suggestions for KPI’s via making a graph for each meter and boiler regarding gas usage which included a trend line with red as a big concern (a burning platform), yellow as out of bounds, and green horizontal line indicative of a region within gas usage goal.  Process boilers are all Cleaver Brooks boilers (1, 2, 3, 6) which are referred to as the fructose boilers, and the Kewanee boilers (1-5) are for building heat.  Graphics should be developed for all of these.  

	Conclusions
	The students clarified what Dan was expecting out of the term KPI’s and got ideas on how to pursue said measurable objective.  Joey will begin developing these while she is waiting for the plant tour with Scott for the quote.  The team questions the possibility of expanding the KPI section to be boiler specific considering meter limitations.

	Action items
	Person responsible
	Deadline

	Begin developing KPI’s based on gas usage from boilers
	Joey
	Ongoing

	1 hour
	HVAC Solutions
	John, Jitka, Robin Westhafer, Sharon Hansen

	Discussion
	 Robin suggested three ideas for quick wins: shut off 6 process pumps, turn the hot water heater off in times of low demand, and install controls that limit when the makeup air units are tempering air.  The first two ideas will not cost any money to implement; Dan has already approved install of the makeup air unit controls for the third idea.

	Conclusions
	Though some of the project ideas were thrown out early in this morning’s meeting, Robin has given the students three new project ideas that will be easy and inexpensive.  The students will perform a cost-benefit analysis on these as soon as Robin’s employee, Sharon, emails a quote.

	Action items
	Person responsible
	Deadline

	Create cost estimates for the 3 aforementioned quick wins
	Sharon Hansen
	3/3/2010

	Boiler Conference Call #2

	Minutes
	3/01/2010
	12:00 PM
	Conference Call

	Meeting called by
	Alexi Douvas

	Type of meeting
	Conference Call

	Facilitator
	John Rivers

	Attendees
	Alexi, John Rivers, Dan F., Matt Delverme, Sean Powers

	Agenda Topics

	1 hour
	New Boiler Heating System
	John Rivers

	Discussion
Discussion (Continued)
	Clarifications were made by the Armstrong group regarding plant dimensions and the current boiler systems.  It was reiterated that the Kewanee boilers are the only boiler units used for building heat, whereas the Cleaver Brooks systems are used for process heat, thus are unaffected by the Direct Flo units.  Matt D. brought up a concern regarding the validity of the current efficiency level readings due to the fact that the 02 excess reading is at 50% for the Kewanee boilers, which is generally indicative of lower efficiencies (rather than the current 80%).  Dan mentioned these efficiency ratings were obtained from T&M Services.  With the current system, the upstairs Kewanee boilers are running at 208 horsepower, whereas the downstairs systems are at 500 horsepower.  Dan clarified that he would like two units in the upstairs and downstairs setup, one for primary use and one for secondary or backup utilization. Rough calculations were made indicating that routine heating could be done by only 300 horsepower.  In order to establish an NPV and payback, the student team needs to estimate the total gallons of water heated per year, this will be a rough estimate and in order to obtain this, Armstrong started with estimates regarding the current flow through the boilers.  The current flow is far too high, with over 3,150 gallons of water being pumped through the piping per minute.  Thermostats exist in every area that are intended to control valves, but most of them do not work due to damage by forklifts.  The way a properly controlled system should be ideally organized is with thermal-controlled valves wherein, if all valves are shut off, the heater also shuts off; adding 10 horsepower BTF’s to the current valve systems would be very cheap and would save large amounts on load.  The prior estimate was confirmed that the system efficiency of the Direct Flo Unit should reach at least 90%.  Plant visits were discussed.

	Conclusions
	It was decided that four units should be put in rather than the two larger units originally discussed.  Two 5 million MMBTU units will be placed upstairs, and two 5 million MMBTU units will be placed downstairs.  This will enable redundancy while maintaining the necessary horsepower for the plant.  An added bonus is the units are small enough to avoid city registration fees.  The Armstrong team will also be making a trip to PBC the week of the 22nd, but are estimating a total of 8-30 million MMBTUs will be needed to heat the plant.  Dan will also start planning a trip to their plant. It was also decided that the water exiting the boilers right now is 185 degrees, and it returns at 175 degrees (which explains the massive load going through the pumps), whereas the Direct Flow unit would allow water to leave the unit at 85 degrees and return at 40 degrees (meaning a delta temperature of 45 degrees rather than 9.3 degrees).

	Gas Process Flow Meeting w/ Dan

	Minutes
	3/05/2010
	8:00 AM
	PBC-Denver

	Meeting called by
	Ashley Ritchie

	Type of meeting
	Consultation

	Facilitator
	Dan F.

	Attendees
	Dan F., Ashley, Joey, Alexi

	Agenda Topics

	1 hour
	Gas Process Flow Chart
	Dan F.

	Discussion
	Dan presented the current gas process flow diagrams to the student team and walked them through the different systems in place for process related heating vs. building heating.  

	Conclusions
	The present gas flow process will be used to aid Ashley in creating a process map.  It also finalized the information Alexi needed for his boiler project write-up, and provided a map and ideas for implementation of future KPI’s for Joey’s project.  The process map will be emailed to Armstrong to aid them in finalizing their proposal for the savings expected in implementing the Direct Flo units.  

	Action items
	Person responsible
	Deadline

	Complete gas process flow map
	Ashley
	ASAP

	Complete initial write-up of boiler section for final deliverable 
	Alexi
	3/07/2010

	Action items
	Person responsible
	Deadline

	Work on KPI’s
	Joey
	Ongoing

	Contact Scott from Avedon Engineering  for walkthrough
	Joey
	3/10/2010

	Sunday Group Meeting

	Minutes
	3/07/2010
	6:00 PM
	Leeds School of Business

	Meeting called by
	CU Student Team

	Type of meeting
	Weekly Meeting

	Facilitator
	N/A

	Attendees
	Joey, Jitka, Ashley, John, Sean, Alexi

	Agenda Topics

	1 hour
	Update on Projects & Future Work
	CU Student Team

	Discussion

	Ashley, Joey, and Alexi updated the team on the process map discussed at the meeting with Dan F. on Friday (3/5/2010).  John stated that the process pump project has been submitted to Dan F. for checking and the cost savings estimates are complete.  Ashley is nearing completion of the process map after discussions with Dan F.; Scott from Avedon Engineering still needs to tour the Pepsi bottling facility, but has given estimates to the team indicating initial estimates of 11% gas savings.  Alexi has completed the initial write-up of the boiler portion for the final deliverable, and is waiting for final estimates from Armstrong before submitting it to Dan F., Bob Harland, and Matt D. for corrections.  Jitka has completed her work on the valve insulation project.  Sean is awaiting numbers for his makeup air unit project.  Ashley created a template and layout for the final deliverable.  The team examined the course schedule and evaluated what work remains for the project.  

	Conclusions
	Team members are completing their initial drafts for the final deliverable.  When the given deliverables are completed, they should be submitted to the appropriate stakeholder groups to insure correct information.  It was decided that the team must unify the Status Reports document, and that a Change Management and Quality Control Plan is still needed.

	Action items
	Person responsible
	Deadline

	Create Change Management Plan
	John
	3/10/2010

	Update Risk Management Plan 
	All team members
	3/10/2010

	Upload formatted version of status reports to Google Docs for all projects
	All team members
	3/10/2010

	Presentation Meeting

	Minutes
	3/31/2010
	3:00 PM
	Leeds School of Business

	Meeting called by
	CU Student Team

	Type of meeting
	Status Updates & Brainstorming

	Facilitator
	Jitka and John

	Attendees
	Joey, Ashley, Jitka, Sean, John, Alexi

	Agenda Topics

	2 hours
	Presentation Outline
	CU Student Team

	Discussion
	Developed an outline for the project presentation. Discussed topics to be covered on each slide.

	Conclusions
	John and Jitka will be the project presenters. Jitka and Ashley will create the presentation. A presentation dress rehearsal will be held on Sunday.  All members will complete project specific slides before Saturday at midnight.

	Action items
	Person responsible
	Deadline

	Create presentation skeleton.
	Ashley
	2/02/2010

	Jitka will improve and fill in presentation
	Jitka
	2/04/2010

	Presentation dress rehearsal
	All team members
	2/04/2010

	Sunday Group Meeting

	Minutes
	4/03/2010
	6:00 PM
	Leeds School of Business

	Meeting called by
	CU Student Team

	Type of meeting
	Weekly Meeting

	Attendees
	Joey, Jitka, Ashley, John, Sean, Alexi

	Agenda Topics

	1 hour
	Presentation
	CU Student Team

	Discussion
	Alterations were made to the slides; the slides were compiled into a final presentation with large projects being included in hyperlinks on the Q&A page.  It was decided to maintain a high level viewpoint to avoid using technical jargon that next year’s student team would be unfamiliar with.  Several run-throughs of the presentation were timed and completed.

	Conclusions
	Team members will meet Wednesday before class at 2:00pm to continue preparation and make notes for presenting team members.  Final edits to the deliverable will commence.  

	Action items
	Person responsible
	Deadline

	Update final project write-ups and economic analysis
	All
	4/07/2010

	All team members review the presentation and come with any notes, update any changes to the presentation before the meeting
	All
	4/07/2010

	Capital Budget Meeting

	Minutes
	4/07/2010
	8:00 AM
	PBC-Denver

	Meeting called by
	CU Student Team

	Type of meeting
	Capital Budget Clarification

	Attendees
	Dan, Joey, Alexi

	Agenda Topics

	2 hour
	CAPEX Form
	CU Student Team

	Discussion
	Joey and Alexi met with Dan to clarify his desires for the Pepsi-specific CAPEX (capital budget) forms. Dan indicated that he would prefer only one large capital budget plan be completed for the boiler project, rather than for every sub-project the team is recommending.  

	Conclusions
	It was established that the team only needs to produce a capital budget form for the boiler project.   

	Action items
	Person responsible
	Deadline

	Create CAPEX form
	Alexi
	4/14/2010

	Pre-Presentation Meeting

	Minutes
	4/07/2010
	2:00 PM
	Leeds School of Business

	Meeting called by
	CU Student Team

	Type of meeting
	Presentation Practice

	Attendees
	Joey, Jitka, Ashley, Sean, John, and Alexi

	Agenda Topics

	2 hour
	Presentation Prep.
	CU Student Team

	Discussion
	Alterations were made to the slides, John and Jitka practiced the presentation with notes given by the rest of the group.

	Conclusions
	Altered presentation.

	Presentation After-Thoughts

	Minutes
	4/07/2010
	6:00 PM
	Shooters

	Meeting called by
	CU Student Team

	Type of meeting
	Presentation Critique

	Attendees
	Bob Harland, Joey, Jitka, Ashley, John, Sean, Alexi

	Agenda Topics

	1 hour
	Update on projects & Future Work
	CU Student Team

	Discussion
	Bob mentioned that while he understood the student team’s hesitancy to include a lot of jargon and figures, the team moved too far from numbers, thus lost power in the presentation.  A balance needs to be struck between facts and figures and keeping the audience in mind.  Also some of the graphic depictions used in the presentation were unclear to viewers.  The project team gathered the Hitachi critiques and intends to alter the presentation before the presentation to Pepsi management next week.  Also, a firm schedule was set in place to do four rounds of editing over the weekend for the final deliverable.  

	Conclusions
	Presenting team members need to alter the slides and presentation to include more facts, team members not presenting will begin final edits of the deliverable and send the partially completed version to Bob by Sunday for his comments.  

	Action items
	Person responsible
	Deadline

	Alter presentation
	John & Jitka
	4/12/2010

	First round of edits:  Content
	Joey
	4/09/2010

	Second round of edits:  Format
	Sean
	4/10/2010

	Third round of edits:  Content
	Alexi
	4/11/2010

	Fourth round of edits:  Format
	Ashley
	4/12/2010

	Pre-Pepsi Presentation Meeting

	Minutes
	4/11/2010
	6:00 PM
	Leeds School of Business

	Meeting called by
	CU Student Team

	Type of meeting
	Final Deliverable Discussion, Presentation Practice

	Attendees
	Joey, Jitka, Ashley, Sean, John, Alexi

	Agenda Topics

	2 hour
	Presentation & Final Deliverable
	CU Student Team

	Discussion
	Further adjusted slides based upon recommendations of Hitachi mentors; practiced new slides with notes from non-presenting students.  Non-presenting students discussed further editing needs of deliverable.  

	Conclusions
	Final presentation and document should be complete by presentation to Pepsi   

	Action items
	Person responsible
	Deadline

	Practice presentation
	John & Jitka 
	Ongoing

	Further content editing of deliverable, notify team members of missing items
	Alexi
	Ongoing

	Further format editing of deliverable, notify team members of formatting issues
	Ashley
	Ongoing

	Pepsi Presentation

	Minutes
	4/16/2010
	10:00 AM
	PBC-Denver

	Meeting called by
	CU Student Team

	Type of meeting
	Presentation

	Note taker
	Student Team

	Attendees
	Dan F., Matt, Jim, Joey, Jitka, Ashley, Sean, John, Alexi, Sean Powers, Sean Crowell, other Pepsi personnel

	Agenda Topics

	2 hour
	Pepsi presentation
	CU Student Team

	Discussion
	Student team presented to Pepsi management.  Overall the presentation went well, but Matt (plant manager) seemed unhappy with the length of the payback for the new Direct Flo system.

	Conclusions
	Alexi will make adjustments to the CAPEX form to see if any adjustments can be made to lower the payback period of Direct Flo project   

	Action items
	Person responsible
	Deadline

	Adjust numbers of CAPEX form to get a payback of around 3.0 years for the boiler project
	Alexi
	ASAP 

	Final Document Meeting

	Minutes
	4/21/2010
	7:00 PM
	Leeds School of Business

	Meeting called by
	CU Student Team

	Type of meeting
	Final Document Issues

	Attendees
	Joey, Jitka, Ashley, Sean, John, and Alexi

	Agenda Topics

	2 hour
	Final Deliverable
	CU Student Team

	Discussion
	Group discussed remaining edits that needed to occur, final assignments will be completed by Friday and uploaded online; two binders will be assembled at the Sunday meeting for turn-in.

	Conclusions
	Complete all necessary edits identified by team members as they arise.  

	Action items
	Person responsible
	Deadline

	Ashley and Alexi are to complete final editing, notify team members as problems arise
	Alexi & Ashley
	4/23/2010


A-8.4 Status Updates
	Status Updates

	2010 Dates
	                                                           Task

	Jitka 

	Insulating Valves: 

	1/31 
	One of the results of the brainstorming session was to estimate gas pipe cleanliness and research pipe cleaning systems as a gas savings potential; future research will be performed on this as a potential gas savings project.
Next Steps: research gas pipe cleaning systems and gas saving opportunities

	2/7   
	After the facility tour and brainstorming session with the experts, the student team realized all the gas pipes are owned by a gas provider, thus do not affect the gas consumption of PBC (meaning this loss occurs before the billable gas meters). After this was realized, and due to recommendations of experts attending the brainstorming session, this project has evolved into exploring valve insulation of piping systems. Most pipes are fully insulated, but the pipe valves are not.

Next Steps: contact T&M Services for pricing and saving estimates

	2/14
	John from T&M Services got back to the student team and estimated the price of insulating 20 valves to be $10,000-$15,000 resulting in a savings of 3 - 4% of the steam system radiant heat loss, the payback period on this project is expected to be 1-2 years.

    
Next Steps: calculate the total gas savings, provide economic justification

	2/21 
	Calculations based on information from T&M Services have questionable results: a total gas savings of 10%. The concern of inaccuracy was raised with the supplier, and it was requested that they provide more accurate estimates with an exact MMBtu savings for Pepsi under the condition that the student team provides them with the size and number of valves needing insulation, along with the average Colorado temperature readings. The student team has contacted Dan for this information, and will pass on the information to T&M Services by 3/1/2010.

     
Next Steps: convey the necessary information to T&M Services as soon as it becomes available

	3/1 
	Dan provided all info needed, the information has been passed onto T&M Services for exact calculations. 
Next Steps: obtain the final calculation from T&M Services, use this to calculate total gas savings from the project

	3/8
	Waiting for final calculations from T&M Services.
    
Next Steps: contact T&M Services, inquire as to when the quote will be available

	3/22
	Received a quote from T&M Services. The quote did not include tax or installation fees. T&M Services projected the project payback to be less than one year, but did not provide any supporting calculations. The student team has prompted T&M Services to provide an official quote with calculations being shown.

Next Steps: maintain contact with T&M Services to obtain final quote

	 4/4 
	T&M Services forwarded the student team a projected savings calculation. The price per MMBtu has been modified within the quote from $12 to $5 per Pepsi’s records. The student team has also received pictures of the valves to be insulated.  Inconsistencies in the cost estimates have been spotted. The savings calculation showed a cost of $1,360 whereas the quote received from T&M Services on 3/22/2010 showed a cost of $4,956. T&M Service’s supplier has been contacted, and it was explained that after the pictures were received, it was realized that the valves do not need to be entirely insulated, rather insulation on the neck of the valve is all that is necessary, thus explaining the cost differential.
 

Next Steps: calculate the final costs and benefit and update the deliverable

	4/6
	Calculated costs and benefits, updated deliverable with final write-up and completed project specific slides for the final presentation.

	Heat Recapture: 

	1/31
	Began researching heat recapture systems as a potential gas savings project.

 Next Steps: perform research on heat recapture systems, contact experts (Jeff, Robin) to discuss opportunities appropriate for the Pepsi facility

	2/7  
	Contacted Jeff but he recommended talking with Robin from WestCo Systems, as Robin might be more knowledgeable regarding heat recapture.  Robin indicated this project could be too challenging given the time and scope of the student team.
Next Steps: continue researching

	 2/21
	The student team received further information from WestCo Systems.
   
 Next Steps: set up meeting with Robin to discuss the goal of this project and whether it is worth pursuing

	 2/28
	Met with Robin from WestCo Systems and discussed the effectiveness of heat recapture. It was concluded that this project would be very complicated and would require over $40,000 solely in engineering costs (not including labor and materials).  While potential savings exist here, the unknowns on this project are too great to tackle given the time constraints of the project and limited technical expertise of the student team.  The student team has decided to drop this project in place of a new quick win (see 'Water Heater Schedule').


	Water Heater Schedule:

	2/28 
	Robin from WestCo Systems suggested turning off the water heater during off peak hours.  The on/off control can be automated for a certain time frame, and turned on manually if hot water is needed during an off-cycle period. The temperature difference could be as much as 30 degrees Fahrenheit.  Dan will be emailing the student team with the approximate hours of off-hours. Robin/Sharon will be emailing estimated savings per hour of off-cycle timing.  If everyone is responsive, the student team should have results by 3/7/2010. The results are expected to be significant for a quick win.

    
Next Steps: obtain a quote from Sharon (WestCo). Calculate the benefits

	3/8
	Calculated benefits, this project will result in a savings of 25% of water heater gas utilization, meaning a 1% cut in total gas consumption for PBC. The final deliverable has been updated with all information regarding this project.

	Alexi

	Sterilization Schedule for Mixing Room:


	1/31 
	Adjusting sterilization schedule to minimize hot water usage identified as a possible savings project after touring the PBC facility.
   
 Next Steps: contact Dan F. and Quality Assurance Team to explore schedule use of hot water for sterilization in the boiler mixing room 

	2/06 
	Contacted Dan F. regarding sterilization schedule, he reported the Quality Assurance Team already schedules sterilization on a daily basis, project possibility canceled.

	Controls System: 


	1/31 

	Retrofitting boiler controls to the older Kewanee units was identified as a potential savings project.  Savings could be realized through reducing cycle time or through minimizing firing times.
    
Next Steps:  contact T&M Services (sourced boiler engineers) to explore boiler control possibilities

	2/06 
	Contacted T.J. and President John Mansfield from T&M Services with query about retrofitting old Kewanee boilers with modern control systems, waiting for response.
 
Next Steps:  provide T&M Services with efficiency ratings for all Kewanee boilers 

	2/10
	 Provided T&M Services with boiler efficiency ratings in order to facilitate a quote.
 

Next Steps:  await return estimate 

	2/20 
	T&M Services President John Mansfield reported that this would not be an ideal project due to payback periods exceeding 5 years (whereas the estimated life of the Kewanee boilers is 4-5 years) and due to the fact that said controls would only save on gas if the Kewanee systems were cycling at more than 10 times per hour, which is not the case.  Project possibility canceled.

	Boilers:

	1/24 
	Researched case studies regarding steam boiler and heat recapture savings.
Next Steps:  formulate boiler-related questions for the facility tour and brainstorming session 

	1/31 
	Researching boilers.
Next Steps:  continue research 

	2/01 
	Contacted T&M Services to obtain quotes for removing and replacing current boilers and replacing Kewanee boiler burners.
Next Steps:  explore condensing boilers for a replacement of the older Kewanee units

	2/07 
	Obtained a quote from T&M Services estimating boiler removals and new Cleaver Brooks hot water boilers, with all contracted labor fees amounts to $850,000+, also it was reported that new burners would not improve efficiency with the current Kewanee systems.  The student team contacted boiler vendors and discovered there would be no possibility for selling such old, discontinued units for a salvage value.
 Next Steps:  continue exploring condensing boilers 

	2/10 
	Discovered condensing boilers have an efficiency gain over traditional hot water boilers, and government rebates for installation of such units exist.  However, condensing boilers are capital intensive and come with an acidic precipitate meaning future damage to underground piping should be expected. 
Next Steps:  find alternative to condensing boilers and current system 

	2/15 
	Contacted Armstrong International regarding their Direct Flo units, scheduled a conference call for 2/23/2010.
 Next Steps:  attend conference call, prepare relevant questions 

	2/23 
	Conference call with Armstrong International occurred; Dan F. has given this project his full support.  It was discovered that due to pressure issues of pipes related to process boilers, drastic engineering fees would be required for changing any process-related systems; such changes would also endanger critical business processes.  Decision was made to focus on building heat systems over process heat systems.

Next Steps:  provide Armstrong with all requested information regarding building footage, boiler capacities, and hot water usage

	3/01 
	Second conference call with Armstrong International occurred, further unit information was requested, and a date for Matt D. and John R. to fly into Denver and tour the Pepsi bottling facility was set for the end of April. 

    
Next Steps:  begin initial write-up, obtain final estimated figures from Armstrong 

	3/07 
	Completed initial write-up for boiler section of final deliverable. 

    
Next Steps:  submit current write-up to Dan F., Bob Harland, and Matt D. for editing and comments.  Obtain final figures from Armstrong

	3/14 
	Detected inconsistency in diagram numbers, sought Dan's clarification.  It was made clear that all calculations were based upon an incorrect document. 

    
Next Steps:  redo all financial calculations with new figures 

	3/21 
	Broke calculations down into a warm year, cold year, and average year basis as determined by a reverse solving of the Armstrong equation.
    
Next Steps:  meet with Armstrong engineers 

	3/28 
	Armstrong engineers rescheduled fly-in tour. 

    
Next Steps:  finalize calculations and write-up, begin working on CAPEX form

	4/01
	CAPEX form worked on, the student team discovered many locked spreadsheets and incorrect formulas present within the PBC capital forms, the student team has contacted Dan for assistance. 

Next Steps:  complete the capital form as specified by Dan F.

	4/04
	Dan replied to the student team’s request with another capital form.  This form has also been locked in several places as well, the students have devised a work-around by combining forms from the two documents, Dan has been notified of this workaround. 

Next Steps:  complete CAPEX form, complete project specific slides for presentation

	4/07
	CAPEX form completed, project slides completed.

	Final Deliverable:

	4/07 – 4/23
	Editing final deliverable for content, notifying team members of missing documents or inconsistencies as they arise.

	Ashley

	Alternative Energy:

	1/20-1/27  
	Began exploring and researching various forms of alternative energy with the goal of finding a sustainable and cost effective means of reducing the natural gas consumption at PepsiCo's Denver Bottling Facility.

    
Next Steps:  pick alternative energy solution to pursue in depth

	4/5
	Created documentation of energy based research to be used as an aid for next semester's energy project team.  Inserted into final deliverable under ‘Future Projects’ section.

	Solar Hot Water Heaters:


	2/3  
	Researched examples and cases of successful industrial solar hot water heater initiatives. Researched Denver's specific solar rating and climate performance projections.

    
Next Steps:  obtain cost estimates and build preliminary cost-benefit analysis

	2/21 
	Requested project bids from several solar technology providers.

    
Next Steps:  begin developing a cost-benefit analysis and projected payback period based on the aforementioned bid data

	2/24 

	After weeks of research with the US Department of Energy leading to the collection of project bids, as of 2/24/10, the student team has decided to discontinue the pursuit of solar water heaters as a viable solution. While there are undeniable benefits of solar options, it appears the payback period would be in the range of 7-9 years. Realistically, this is not actionable at this time.


	Government Rebates:

	2/24  
	Researched and provided teammates with several relevant government incentives currently offered for various efficiency efforts. 
Next Steps: apply potential saving to cost projections

	Process Map

	2/24  
	Received facility blueprints depicting locations of natural gas usage. 

Next Steps:  begin work on developing a process map

	3/5  
	Process map completed, inserted into final deliverable.

	Awareness Plan:

	3/5  
	Build rough awareness plan mockup.

    
Next Steps:  continue to improve plan and begin flyer development

	4/5 
	Awareness plan finalized and inserted into final deliverable.


	Final Deliverable:

	3/7  
	Created skeleton draft for final deliverable with the intention of building formats and templates for the team to use as write-ups progress. 

    
Next Steps:  continue to update, improve and add to the final deliverable

	4/10 
	Continuing to format final deliverable.
     
Next Steps:  summarize next steps, questions, and concerns

	4/23-4/27
	Finalization of reformatting the final deliverable.

	Project Presentation:


	3/31

	Create base presentation for team to add upon, will continuing editing as team adds project-specific slides.
Next Steps:  Pass presentation onto Jitka for further development by 4/2

	4/2
	Updated presentation based upon team and Hitachi notes.

	Joey

	Airius Thermal Equalizer:


	2/16 
	The student team spoke with Scott Canby from Avedon Engineering about the project and got some information from him concerning research on the Airius Thermal Equalizer. The student team learned more about other Airius projects and realized this project has potential for considerable savings.

Next Steps:  set up meeting with supplier and Dan

	3/1 

	Scott Canby from Airius contacted Dan to schedule a plant walk-through. Dan did not respond until Friday, Feb. 26th; Scott will be traveling soon, meaning the tour window is temporarily closed.   
Next Steps:  continue to foster communication between Dan and Scott in order to schedule a plant walk-through

	3/31

	Scott Canby notified the student team that he had toured the Pepsi facility with Dan. Dan told Scott that he would purchase a few of the units to 'try out' in the processing area.
Next Steps:  obtain quotes and savings estimates from Scott

	4/5

	The student team traveled to Avedon Engineering in order to meet with Scott Canby and obtain rough estimates; during the meeting Scott suggested Model 45 fans would be most appropriate for Pepsi’s facility.  It was discovered that the equalizers have both summer and winter savings.  

Next Steps:  obtain final quotes 

	4/5 
	Calculated final quotes, write-up inserted into working version of the final deliverable.

	John

	Unification of Steam Distribution System:

	2/07  

	The brainstorming session with Pepsi’s current contractors inspired the idea of unifying the steam distribution piping. This may reduce the need for all of the boilers to be running at once.
Next Steps: obtain a quote from WestCo Systems regarding savings potentials

	2/21  
	Contacted Robin and Sharon at WestCo Systems and requested a quote.
 

Next Steps: check-in with Sharon to ensure that she is preparing the quote

	2/28
	Robin calculated that the change in pressure would result in an efficiency drop due to varying pipe sizes; this project has been abandoned as a potential gas saving recommendation.

	Process Pump Automation: 

	2/07  
	Dan has suggested that more process pumps currently run than is necessary. Turning these pumps off could significantly reduce the demand for steam, meaning the boilers can run less.

Next Steps: ask Dan to turn off process pumps to test gas savings potential

	2/14  
	Cold February weather has made turning off process pumps that feed the building heat impractical. 
Next Steps: gain agreement from Dan to turn off process pumps for a week

	2/21  
	Process pumps have been turned off for a test run. When 2 of the 7 process pumps run, 35% less gas is used compared to when all 7 pumps are running.
Next Steps: determine who could automate the pumps and the resources required for said automation

	2/28  
	The student team spoke with Dan over the phone to validate savings estimates. The original estimate was high, for the assumption that 5 pumps could be turned off through the whole winter was incorrect. These pumps can only be turned off on a day warmer than 45ºF. Also, new equipment and software will need to be installed to automate the turn on/off of these pumps.
Next Steps: find weather data to adjust savings calculations

	3/7
	Collected weather data from the NOAA website. Based upon there being an average of 72 days above 45ºF between October and April, Pepsi will be able to reduce their gas usage by about 2.2%.
Next Steps: get quote from WestCo systems, Pepsi’s current HVAC contractor, regarding programming and software cost

	4/6
	Received a final quote from WestCo Systems. The install of the necessary software and equipment will be $8,700. Based on install costs and gas savings, the payback period will be about one year.
Next Steps: input financial calculations into deliverable and final power point

	4/8
	Conducted financial analysis including best-, base-, and worst-case scenarios using Pepsi’s capital expenditure justification spreadsheet. Updated both the deliverable and presentation with these numbers.

	4/12
	Adjusted estimates to match Sean’s definition of a 45ºF day (days with an average temperature of 45ºF rather than a high of 45ºF). Also updated both deliverable and presentation with these final numbers.

	Electric Hot Water Heaters:

	2/28
	In a meeting with Dan, he suggested that the recent install of electric hot water heaters may reduce natural gas usage because of the decreased demand on the gas-fueled hot water. This is a potential project.
 Next Steps: obtain the last two months of gas usage data from Dan to evaluate effectiveness of install

	3/7
	Received most recent gas data from Dan. The gas hot water heaters show no significant effect upon the use of natural gas at the plant. This project has been dropped.

	Sean

	External Temperature Controls:

	2/3
	At the brainstorming session, Dan noted that the temperature at which the makeup air system turns on to temper the air is not known or monitored.  This has been identified as a potential savings project.
Next Steps: determine what the current settings are and figure out if they can be changed

	2/23

	Contacted Robin from WestCo Systems and Tom from the Ballard Group regarding the feasibility of using waste heat for the makeup air heating and the temperature control system alterations.  It was determined that this project would have been extremely expensive, alternatives must be sought out.
Next Steps: pursue temperature controls project without the use of heat recapture

	2/26
	A request was sent to Robin at WestCo Systems for the temperature at which the heating system currently kicks on. A trial run for shutting down heaters in bay-door areas is scheduled.  Final savings calculations will arrive shortly.

Next Steps: wait for the quote to arrive and calculate savings and costs

	3/8
	Robin notified the student team that quotes for gas savings will be coming soon through Dan.

	4/8
	After a lengthy delay, Sharon Hansen from WestCo Systems was approached by the student team. Sharon provided the quote on a per makeup air handler basis.  Dan was then contacted and stated that there are eight units.   Savings estimates and financial calculations have been completed.

Next Steps: complete write-up, prepare presentation materials specific to project

	4/11
	Updated final deliverable with calculations.  

	Makeup Air Heating Substitute:

	2/23
	The student team asked Robin if the makeup air that is heated by natural gas could potentially be heated by waste heat from other processes in the facility. Robin said that this would be possible but the cost to implement it would be very high. This idea was scrapped for that reason, but it also conflicts with the Direct Flo project, which would have no waste heat, as opposed to the current system, thus again nullifying the project. 

	Steam Trap Repair:

	1/29
	After the facility tour, the students were curious as to whether waste was occurring via the steam traps.  Dan later confirmed that the traps were working at optimal levels, this project has been dropped. 


A-8.5 Risk Management
After engaging in multiple brainstorming sessions, meetings with engineers, and conversations with Dan, the Pepsi Beverage Company’s project sponsor, the student team has identified a number of risk factors that will affect the likelihood of the project’s success.  These factors fall under three general categories: scope, resources, and schedule.  Due to the magnitude and variance of possible natural gas saving methods, the project team has noted the majority of high-level risk factors stem from deviating from and/or expanding the scope of the original project charter.  Special care should also be given towards the resource category when considering the development of meaningful KPI’s is dependent upon gas meters that, to a large extent, currently do not exist.  As such, the students have been asked to work towards a two-pronged approach for the development of KPI’s: to first develop measurement systems that can be put into use immediately, and then to expand upon these systems through recommending the installment of selected meters. 

Though perhaps unable to eliminate all risk factors, the project team plans to manage risk factors through a number of methods, the most crucial of which include:  maintaining open communication with stakeholders to receive early stakeholder buy-in rather than resistance, further communicate with the PBC project sponsor to tease out assumptions in both the sponsor’s and the project members’ minds, maintain active communication with the project’s Hitachi mentor and seek guidance when necessary, and to further eliminate risk factors as research progresses and experts are contacted.  One risk factor that is difficult to overcome is the fact that the student group’s cost-benefit projections will be completely determined by quotes from engineers attempting to make a sale; this vulnerability can be minimized through obtaining several independent competitive bids and finding a middle ground.  The following table further details the research group’s risk management assessment. 
	Risk Management



	Area
	Risk
	Likely

Hood
	Impact
	How to Minimize
	Current

Status
	Action

Items
	Resp.

Person

	Scope

                                                                                                                                    scope

Scope
	Change of deliverables
	H
	H
	Continuously clarify depth of project deliverables and expectations
	Deliverables have been further defined in the KPI sector as well as expectations
	Continuously monitor project development as appropriate to requested deliverables
	PM, Student Team

	Scope
	Poor communication between project team and other functional areas of Pepsi
	M
	H
	Insure an adequate stakeholder list is identified and that the appropriate stakeholders acknowledge their role in the project
	Have undergone several meetings with independent contractors; attempt to make it a win-win scenario for the contractor to help the student team and Pepsi
	Continue cultivating relationships as the project comes to an end
	Student Team, PM

	
	Unrealistic measuring expectations
	M
	H
	Devote a discussion with the PM regarding realistic measurements 
	Clarify that the PM would like both KPI’s that he can use today without any additional measurements and KPI’s for future use.  Have an action plan developed for the National Expansion Plan
	When possible, insert gas meters into process specific gas pipes to allow for per-process tracking  
	PM 

	
	The project becomes too much about tracking and saving hot water than tracking and saving gas

	L
	M
	Focus on the gas required to heat the water rather than just following the water
	Have limited scope for examining boiler, steam, and hot water heaters while putting items of further consideration (solar water heating) in the Future Projects portion of the deliverable
	Maintain focus on deliverables as project comes to a close, identify any items beyond the scope of the project and note them in the Future Projects area
	Student Team and PM

	SCOPE
	Certain savings from Direct Flo units are outside the realm of gas utilization, thus savings estimates are underestimated
	M
	M
	Indicate that savings estimates are based upon gas savings and cost avoidance estimates, while indicating that further savings will be obtained through the bi-product of pure water and emissions reduction; the reader will thus be aware of extra savings
	Have indicated in the boiler project write-up that cost saving estimates are conservative due to benefits not  captured in a decreased need to purchase or purify water
	N/A
	Student Team

	Recourses

	New Direct Flo Heat Units cannot provide adequate heat to building when max capacity is needed
	L
	H
	Ensure Armstrong has engineered the system specifically for the maximum capacity requirements of the Pepsi bottling facility
	Have alerted Armstrong (Matt D.) of the concern and sent the Process Flow Diagram with all gas consuming units, he is analyzing the current plans
	Ensure redundancy is maintained via utilizing four smaller units rather than two larger units, but do not compromise smaller costs for loss of needed heat
	Student Team, PM, Anderson Engineers

	
	The actual estimates from the supplier do not agree with the desired goal of the estimate
	H
	H
	Specify all the details in the request for any estimate 
	Requested a new quote for Valve Insulation due to inconsistencies in requested number of valves

	Prompt the supplier T&M Services for promised quote with estimated savings.
	Jitka, TJ Mansfield

	Resources
	Gas meters are limited to boiler and inbound pipeline, limiting student team's ability to estimate gas savings per recommendation
	H
	H
	Research equipment in place and base savings requirements on averages of equipment model numbers
	Have contacted boiler specialists and have a list of all gas using equipment 
	Base calculations on historic averages, have all numbers cleared by Dan F.
	Student Team and PM

	
	Pepsi contacts are not available for extended period of time
	L
	H
	Create a collective calendar where all previously known black-out dates are known so all necessary communication can occur beforehand
	Have identified PM's black-out dates and project team's availability, have based weekly meetings on this 
	Continually update  Google Calendar to block out any days where members will not be available 
	Student Team, PM, Pepsi stakeholders

	
	Consulting stakeholders are slow to respond 
	M
	H
	Clarify that all responses will be needed within three business days, have multiple contacts within the organization so if one contact fails, move onto the next
	All contacts about quotes or estimates now contain a requested return date to insure quick responses 
	Continue contact with suppliers to ensure given quotes are still applicable
	Student  Team, PM

	Resources

	Consulting stakeholders are for-fee only 
	H
	M
	Clarify that all information is consultation-based and not sales-based at initial contact
	When contacting a company, the student team makes it very clear that this is understood prior to spending a long period of time working with the contractor
	Have completed obtaining quotes from willing contractors
	Student Team 

	
	Airius Thermal Equalizer fail to produce expected savings
	L
	H
	Get accurate information to supplier so they can provide reliable expectations of the products ability to save energy
	Quotes have been received, trial installation is scheduled
	Track savings in gas expenditures and warehouse temperature differentials to confirm unit efficiency and savings
	PM

	
	Makeup air control program fails to meet expected savings projection
	L
	H
	Track current weather data to provide most accurate savings forecast
	Calculations are as up to date as possible given historical gas costs
	Continue to track weather trends after implementation to alter savings forecasts
	Student  Team, PM

	
	Information received from a supplier is unreliable 
	M
	H
	Critically analyze the information and compare with other quotes/
information
	Have compared all quotes with expected amounts, all seem fair
	Keep a critical eye.  For capital projects, search for competitors and get bids to compare with
	Student Team, PM

	Schedule


	Items on the schedule take longer than intended
	M
	M
	At weekly status meetings have everyone discuss the plausibility of deliverables at a given date, if a critical item is over deadline, re-allocate work to expedite completion
	Have completed all scheduled items with one week of contingency time for final editing
	Maintain momentum and compile final deliverable binders 
	Student  Team and PM 

	
	Gathering the necessary info takes longer than the class deliverable schedule allows 
	M
	H
	Examine the scope and realistic availability of information with the PM, possibly adjust project deliverables based upon this discussion
	All projects chosen by the student team have been fully researched with quotes provided.  Dan is aware that due to time constraints, competing bids cannot be obtained for capital projects
	Continue analyzing feasibility of quotes, provide Dan with capital form for the Direct Flo units so he can compare future bids received with the current project
	PM, Student Team

	
	Meters are too expensive to obtain or take too long to install 
	M
	H
	Contact all necessary stakeholders, the PM, and control specialists to get quotes on meters 
	Have contacted manufacturer of boilers to inquire about controls, also have contacted local boiler maintenance contractors, was determined retrofitting control units to the old boilers would be an unnecessary expenditure 
	Insert more meters into process-specific piping and thermal measurement devices in areas where recommendations are being implemented in order to track efficiency gains of implemented project
	Student  Team, PM


A-8.6 Stakeholder Analysis
The following stakeholder analysis will be used to develop and implement strategic communication, advocacy, and negotiation plans. The student team analyzed stakeholders’ qualitative information with regard to the PBC’s Natural Gas Conservation Project to clarify whose interests should be taken into account when developing and implementing the conservation program. 
This analysis will allow the student team to interact more effectively with its key stakeholders, thereby increasing support for the final deliverable. Additionally, this analysis will aid in detecting and preventing potential misunderstandings and/or opposition to the policy or program recommendations. Finally, this analysis will serve as a tool to help guide the PBC Natural Gas Conservation Project towards implementation.
	Stakeholder Analysis

	Name
	Organization
	Role
	Interest
	Influence
	Unique Facts
	Expectations (success means?)

	Jim Marlatt
	CU 
	Supervisor
	H
	H
	Unprofessional conduct from the student team could negatively affect his relationship both with PBC and with Hitachi Consulting.  Conversely, professional performance with great results could positively impact this relationship
	High quality, measurable deliverables, quantifiable results, professional level outputs

	Dan Frauenfelder
	Manager of Facilities for PBC, Denver 
	Project Sponsor/ Champion
	H
	H
	Will have to learn how to read and maintain the new control systems and implement the savings programs, as well as judge efficiency levels 
	Will have to oversee installation of control system and savings methods.  Will have to oversee audit for the current system.  Will have to provide capital forms for large investments.  Expects heavily researched recommendations with economic justifications.

	Pepsi Project Team
	Leeds School of Business
	Efficiency Consultants
	H
	H
	Highly motivated and cohesive team
	Meet all project deadlines, each member expects high quality work from the others, attend all meetings, work as a team to complete final deliverable

	Robert Harland 
	Hitachi Consulting
	Consultant
	M
	H
	Experience mentoring similar projects
	Benefit of new potential business relationships, expects team to research effectively and deliver quantitative results

	Matt
	PBC 
	Plant Manager
	H
	H
	Dan’s supervisor
	Understand that a conservation project shows positive environmental initiative. Is inflexible with re-structuring the processes to accommodate savings.  Expects quick wins and economic justification for recommendations

	PBC Financial Officer
	PBC Managerial & Operational Facilitators
	Finance
	H
	H
	Undergoing restructuring after PBG became PBC, all recommendations must be very well researched and financially feasible.  
	PBC can save substantially in natural gas costs thereby increasing available funds for other projects. Financial division expects economic justification, payback periods, and IRR estimates for each recommendation.  Dan has also requested a completed capital form for the Direct Flo project to present financial information to appropriate financial advisors as the student team completes the project

	Sean Powers
	Facility Management
	Floor Oversight Position
	M
	L
	Dan's direct subordinate
	Must be responsive to potential changes

	Cleaver- Brooks
	Cleaver- Brooks
	Boiler Suppliers
	L
	L
	Contacted for efficiency estimates on numerous types of boilers
	All contacts with the student team are to be professional, student team members must be prepared for the call with planned out questions to minimize time commitment

	Building Maintenance Crew
	PBC Maintenance Team
	Facility Maintenance
	H
	H
	Responsible for maintenance
	New hot water heater kick-on/off times will affect the schedule and availability of hot water.  It is expected that the project team work to avoid any workflow interruptions via adjusting schedule to off-peak demand periods

	TJ Mansfield
	T&M Service
	Boiler Contractor
	L
	L
	May publish a whitepaper on the PBC gas saving potential
	Locally control the Cleaver-Brooks boilers & maintain the Pepsi boilers.  If this vendor is selected, expects freedom of publishing PBC’s gas savings in a white paper

	Ops. Personnel
	Daily Operations/ Manufacturing
	PBC Machine Operations
	L
	M
	Work schedules are affected due to when boilers are operational, with controlled kick-on/off systems, work schedules will be  adjusted accordingly
	Personnel will expect to use the new control system's remote reading capability to eliminate weekend and holiday visits to the plant to record gas readings

	PBC Personnel
	Daily Operations
	PBC Employees
	M
	M
	Increased productivity may both directly and indirectly benefit employees
	Employees are expected to follow suggested strategies, in turn they expect said strategies will impose minimal inconvenience to their daily schedules

	Pepsi Customer
	N/A
	Pepsi Consumers
	M
	L
	Denver market identifies well with green initiatives.  Are continuing to expect ‘greener’ brands

	Other PBC Facilities
	PBC Brand
	Desire systematic plant improvements
	H
	L
	Student team recommendations are to be generalized to allow for expansion of recommendations to PBC facilities nationally
	Project team provides a national expansion plan allowing for a series of recommendations based upon climate and process items

	PBC Share Holders
	PBC
	PBC Owners
	L
	H
	N/A
	Expectations of reduced cost and value adding projects

	Leeds School of Business
	M
	M
	The project is an outward-facing representation of the Leeds School of Business.  Unprofessional conduct could negatively affect the image of the school and detract from  future relations with PBC and the OPIM Senior Seminar course  
	Professional performance with good results could result in continued alliance between the PBC and The Leeds School of Business.  It is expected that the students act professionally and improve relations with all stakeholders

	Robin Westhafer
	WestCo Systems
	System

Engineer
	M
	H
	Engineers working with PBC have knowledge of the facility and can provide structural advice and formulas
	Benefit from potential business

	Thomas Mansfield
	T&M Service
	Owner
	M
	H
	Engineers working with PBC have knowledge of the facility and can provide structural advice and formulas
	Benefit from potential business

	Federal and State Govt.
	Department of Energy
	Incentives and rebates
	L
	M
	Passing laws with emission quotas
	Should the plant choose to cut its emissions via these recommendations; it would propagate the emissions trading system proposed by the state.  The state would expect the PBC facility to publish its savings and perhaps even its methods of savings for ‘going green’

	Local Community
	N/A
	Benefit from reduced Emission
	L
	L
	N/A
	Benefit from reduced emissions

	Environment
	N/A
	Benefit from reduced Emission
	M
	L
	N/A
	Benefit from reduced emissions

	Scott Canby


	Avedon Engineering


	Maker of Airius Thermal Equalizer

	M
	M
	Designer of Airius Thermal Equalizer


	Will survey plant to give estimate for installing the Thermal Equalizer



	John Rivers
	Armstrong International
	National Accounts VP
	H
	H
	Was the Armstrong VP responsible for clearing the two-year performance guarantee period 
	Expects Pepsi to continue tracking information after implementation of the Direct Flo units in order to provide proof of unit efficiency

	Matt Delverme
	Armstrong International
	Armstrong PM
	H
	H
	Took over the project from John Rivers
	Expects Pepsi to continue tracking information after implementation of the Direct Flo units in order to provide proof of unit efficiency

	Sean Crowell
	PBC
	NewFacility Manager
	H
	H
	Has taken over Dan’s old position and will be leading the future student teams
	Expects to be updated on project information and to attend final presentation in order to become familiar with the process of managing a student team


A-8.7 Quality Assurance 

The project is a complex set of tasks and duties involving many project stakeholders, who may affect the quality of the project. The Quality Assurance Plan offers a chart of previously encountered and potential discrepancies along with said discrepancy’s preventions and solutions. Before the project is closed, all discrepancies must be acknowledged and resolved.
	Quality Assurance

	Objective/

Deliverable
	Verification Method
	Defects/

Discrepancies
	Methods for Addressing Defects/Discrepancies
	Status/

Due Date

	Valve Insulation
	Calculation
	Supplier estimated ROI without being provided the actual client’s gas consumption. Client could potentially receive false information on benefits achieved
	The student team has requested potential rate of savings on insulated valves from the supplier and calculated exact savings based on PBC’s gas consumption and supplier’s estimated saving rate.  Continue tracking to ensure appropriate ROI
	Closed

	Valve Insulation
	Proof Reading 
	Supplier provided the project manager with incorrect information regarding the quote 
	The student team has discussed the price provided in the estimate with the supplier and inconsistencies, maintain strict records and watch T&M Service estimates carefully in the future 
	Closed



	Airius Thermal Equalizer
	Measure temperature between ceiling and floor
	Air temperature is estimated to be 10.8 degrees warmer at the ceiling than the floor. Estimate is based on like facilities rather than obtaining actual temperature in Pepsi's facility
	If equalizer is installed, obtain exact measurement during test period before  purchasing
	Open


	Direct Flo Heating Units
	Track consumption of gas
	Possibility that savings through adopting the Direct Flo units will not be realized
	Continuous monitoring should continue to occur; if the units are not saving, on average, at least $43,000 per year in gas usage.  Request removal of units before payment is due
	Open


	Automate the Operation of Process Pumps
	Work with facility manager and HVAC contractor to modify current process
	Pepsi suggested that the automation process would not require any install or software change, though their HVAC contractor states that new equipment and software are required
	After installation of software and controls, track change in gas utilization to ensure savings; if savings are not realized, contact WestCo Systems for reprogramming
	Open


	Automate the Makeup Air Handlers
	Track gas usage resulting from the implementation of the program.  DDC energy management system will track usage
	Originally was estimated to be a free fix, but later it was made clear by WestCo that software and programming costs would need to be implemented
	Obtained final quotes from WestCo Systems, track savings, if savings are not realized contact WestCo Systems for reprogramming
	Open


	Final Deliverable
	Proofreading and requesting feedback of the PM
	Initial write-up of final deliverable was very detailed; reader has possibility of getting lost in the detail, not useful for management
	Have summarized projects in the deliverable and included additional information in the appendix
	Closed




A-8.8 Change Management 

The project is a complex set of tasks and duties involving many project stakeholders, who may affect the course of the project; it is thus essential that the project team and the client, Pepsi, agree on project scope and develop a firm process to manage project change.  In order to keep the project focused and to discourage deviation from the agreed project scope, all changes were to be routed through the below form:
	Change Request

	Date of Request
	Date: 4/7/2010

	Requestor
	Dan F.

	Change Description
	Include information that the student team found about electricity and future gas savings in the end deliverable

	Justification for Change
	Pepsi is considering asking next semester’s student team to research and recommend projects to decrease energy consumption. The information that the current gas savings team has already gathered will assist the electricity savings team

	Stakeholders Impacted
	The Fall 2010 team will have access to this information before they start their project. This will give them an understanding of some of the areas that our team researched as well as areas that they may want to delve into further

	Scope Impact
	Does not affect scope of gas savings project

	Scope Impact
	N/A

	Schedule Impact
	The schedule will not be impacted

	Resource Impact
	Small impact. A team member will put together the gathered information into the Future Project section of the final deliverable 



	Cost Impact
	None

	Quality Impact 
	None

	Project Team Assessment
	Ashley organized and formatted previous information that was obtained when she was researching solar heating options

	Status
	Complete


A-8.9 Contacts
Scott Canby
Air Pear by AIRIUS LLC

Project Manager

P 303-772-2633

scott@avedon.com 

TJ Mansfield

Thomas B Mansfield Co

Vice President &

Sales Manager

P 303-789-1504

F 303-781-0545

C 303-902-6981
Robin Westhafer
WestCo Systems

P 303.427.4800

Robin.westhafer@WestCosystemsinc.com
Sharon Hansen

WestCo Systems

P 303.427.4800
sharon.hansen@WestCosystemsinc.com
tj@tbmansfield.com
John Rivers                                                                  Matt Delverme 
Armstrong International                                                          Armstrong International
National Accounts Manager                                                    Project Manager

P 269-279-3137                                                                          MDelverme@armstronginternational.com 

jrivers@armstronginternational.com 

A-9.0 Lessons Learned
In order to help future project teams who work with Pepsi, the student team has compiled a list of lessons learned throughout the span of the project, as outlined below: 
	Lessons Learned

	Area
	Lesson
	Impact/Resolution

	Communication


	Dan F. was not aware of how costly initial research suggestions were, resulting in lost time via researching projects that would never be approved by corporate headquarters
	This is very high impact because the Dan needs to approve a project before Pepsi will approve the capital necessary for implementation of each project.  In order to gain the plant manager's approval, it is essential to know what will justify a costly capital project in his/her mind.  These factors include payback period, an IRR hurdle rate of 15%, and reductions in other costs beyond gas usage

	
	The possibility of developing a relationship with Pepsi is very appealing to vendors and contractors
	Playing the "student card" is not nearly as effective as playing the "Pepsi card" at times.  Vendors and contractors whom provided the student team with quotes and advice regarded the student team much more seriously when it was realized that said students could direct Pepsi business their way

	
	Pepsi is very receptive to ideas presented using their lingo
	Simply using Pepsi buzzwords engages the management at Pepsi.  Pepsi's catch phrase "Think. Plan. Solve." and “Execution Planner” caught Dan's eye, and helped the team garner his enthusiasm by showing the team’s willingness to cooperate with Pepsi's current processes

	
	Every assumption and agreement involved in the project needs to be written down
	Conflicts have arisen over spoken agreements that were not written down.  Expectations set early in the semester had been forgotten and not abided by; as a result, the project did not follow the original plan for two months.  Stress, conflict, and rework can be avoided by writing down absolutely every agreement and assumption

	
	No matter what, stay visible
	There are portions of the project that did not necessarily require weekly meetings with Pepsi (such as research phases, write-up phases, editing phases, etc.).  Never underestimate the importance of staying visible to the client.  Meet often, even if it is just a status report, and inform the client if there will be a period of lower contact (i.e. Spring Break, Thanksgiving Break, etc.).  This will combat the client assuming one member is working harder than the others when some students’ projects simply require less client-related communication

	COMUNICATION
	Some people will help, others will not.  Evaluate whether an independent contractor is really willing to devote time to helping the student team, if they are not, find another contractor
	The student team lost significant time in waiting for responses that never came from certain suppliers; or from getting responses that were put together very quickly and provided incorrect estimates or conflicting information (which then required the student team to contact the supplier, inform them of the error, and then wait yet again for a response from a now-discontent third party).  Finding the right people to help, especially on a technical project where the student team does not have the expertise to handle the work alone, is critical.  Do not waste time on third parties who are not going to work with you

	Goals
	Setting ambitious deadlines helps push the project forward, but factor in time for problems
	By setting group deadlines before project deadlines, the group was able to produce a more finished product by the project deadline.  The early deadline means that the first incarnation of any work is available to be reviewed by more people and to be revised and improved before the work is actually needed.  The student team did not do this prior to turning in their first deliverable, and as a result turned in a deliverable with numerous formatting issues.  In response to this, the student team set a goal to have the final deliverable complete two weeks before the deadline; this two weeks was filled with editing, trimming, and cosmetic changes that could not have otherwise occurred

	
	Pleasing the client means pleasing the professor, but stay balanced
	The happier the client is the happier Jim will be.  Do not, however, shift focus entirely to the client.  In the earlier part of the project (prior to the first deliverable) the student team was focused primarily upon providing documents that Jim wanted to see; this resulted in the student team straying from the client’s goals to focus on providing templates.  Later on in the project, the student team focused exclusively on client goals, but neglected more project management oriented items.  Stay balanced, keep an eye to both clients (the professor and the actual client)

	Planning


	No assumptions can be made regarding when a piece of equipment is turned on or off
	When thinking of areas to save gas, no project should be overlooked.  Every gas-consuming piece of equipment in Denver’s Pepsi facility can be adjusted to run more efficiently, or to run less often.  For example, two pieces of heating equipment were previously set to run between October and April, even on days when warm weather eliminates the need for heat

	Planning


	Clearly defining responsibilities prevents work overlap
	At first, everyone in the group played the same role of researcher.  Throughout the course of the project, the student team found that the work being completed often overlapped (or at times contradicted), and the same individual was often called by different team members to be asked the same question.  By more clearly defining roles and assigning individual tasks rather than tackling one small task as a group, the student team was able to work more efficiently

	
	Never underestimate the importance of formatting
	Establish formats and templates early.  Formatting seems like a trivial matter, but it takes a lot of time to adjust multiple formats into one cohesive document.  Devote time early to discuss how items will be documented, fonts, table layouts, spacing formats, etc.  Spending a little time on this early means saving a lot of time on this during final edits

	
	With communal documents, develop a punch-in punch-out process
	Part of the requirements of this project was to maintain an online document library, this has been instrumental in allowing group access to all documents, however during final editing it has also caused an unforeseen problem: people make changes at the same time, which results in several versions of the final document, all with different sections based upon team members’ changes.  Make it very clear to everyone when edits are being performed to insure the group is working towards an end goal with one document and to avoid reduplication of effort

	Strategy
	Managers at Pepsi receive many more sales calls than they want, use suppliers they are comfortable and familiar with
	It is very difficult to receive a quote for a product or service at the Pepsi plant.  Facilities and Plant Managers are most willing to work with companies that they have an established relationship with.  Thus, companies like WestCo systems and T&M Services have a much easier time scheduling time with Dan to come into the facility to make a quote than do companies that Dan is unfamiliar with.  In order to get quotes quickly, work with the companies Pepsi is already working with.
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