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Solutions Community Mission & Vision
Mission: To engage and collaborate with 
suppliers, practitioners, and stakeholders in 
timely discussions towards supply chain 
solutions.

Vision: Inspiring evolutionary excellence in 
the supply chain through diverse stakeholder 
collaboration.



Solutions Community Value Proposition
To Practitioners:
• A safe harbor environment to discuss current trends and 

issues impacting your operations
• Opportunity to collaborate and educate the solutions 

providers on your needs and goals
• Ongoing relationship that will build over time
• Opportunity to offer a challenge to the market to solve 

problems that have not been solved
• Opportunity to influence the future solutions created for the 

industry
• Creating personal and company brand awareness by 

contributing to the industry



Solutions Community Value Proposition

To Members:
• Collaborate to positively impact the industry
• Connect with peers, practitioners, academia, 

and media
• Exposure to media outlets and potential 

customers



Solutions Community Leadership
• Executive Director – John Ashodian | SICK, Inc.
• Vice Executive Director – David Schwebel | RightHand Robotics
• Education Chair – Michael Kay | NCSU/CICMHE
• Media Chair – Gary Master, Agile Business Media | DC Velocity
• Integrator Chair – Ed Romaine | Conveyco Technologies
• Supplier Chair – Bill Stenger | KNAPP
• Practitioner Chair – Brian Poveromo – American Eagle Outfitters





MHI’s Next Generation Supply Chain



The next generation supply chain is:

Next 
Generation 

Supply 
Chains

Digital

On-Demand

Always On

Collaborative

Transparent
AI / 

Predictive 
Analytics

Secure & 
Trusted

Effective & 
Efficient

Safe & 
Sustainable

Agile, 
Adaptive, & 
Responsive



Today’s Supply Chain Challenges & Solutions



Consultants…

You may be thinking…

“You can’t automate 
furniture handling”

Or maybe…

Cool, but why do I care?…



Or, can you?... 

You can’t automate furniture handling

Ok, yes Art Van filed bankruptcy March 2020!  

Many factors involved:

• 2017 Hedge Fund purchase
• Landlord buy backs raised store rent

• Debt, expansion, shopping habits changed

• 2020 COVID

• And likely much, much more 

• It wasn’t the warehouse!
• video posted May 2012
• Could argue made attractive to hedge fund to buy



You don’t have to fully automate (storage)

Horizontal mattressVertical mattress

Decked cantilever rack

Vertical sofa in decked rack

Horizontal in decked rack3-deep decked

Automated Storage/Retrieval System (ASRS)



You don’t have to fully automate (handling)

Manual stacked cart

Furniture order picker truck

Walkie-rider truck



• Compare operating cash flow (expense savings) that result from automation investment
• Labor, outside storage, etc.
• Add in any profit generated for business as a result of automation
• Account for other costs/benefits

• Notes
• IRR is calculated by solving the NPV formula for the discount (WACC) rate that makes NPV = $0

ROI: Let the engineering and numbers guide your decision
WACC 8%

Base Capital 
Investment

Automated 
Capital 

Investment
Net Capital 
Investment Base Avg FTE Alternative FTE

FTE 
Savings Wage Rate

Annual Labor 
Savings

Equipment/B
uilding Savings

Net Annual Savings 
(Cost) Present Value

Total Present 
Value

0 2022 25,000,000$         $    50,000,000 (25,000,000)$        $           28.85  $                     -    $                   -   (25,000,000)$          (25,000,000)$ (25,000,000)$  
1 2023 -$                      -$                  -$                      397 307 90  $           29.71  $      5,543,050  $                   -   5,543,050$              5,132,454$     (19,867,546)$  
2 2024 -$                      -$                  -$                      422 327 96  $           30.60  $      6,081,280  $                   -   6,081,280$              5,213,717$     (14,653,829)$  
3 2025 -$                      -$                  -$                      444 343 100  $           31.52  $      6,576,129  $                   -   6,576,129$              5,220,343$     (9,433,486)$     
4 2026 2,500,000$          5,000,000$      (2,500,000)$         474 367 107  $           32.47  $      7,238,263  $        425,000 5,163,263$              3,795,152$     (5,638,333)$     
5 2027 -$                      -$                  -$                      502 388 113  $           33.44  $      7,890,382  $        425,000 8,315,382$              5,659,310$     20,976$            
6 2028 -$                      -$                  -$                      545 422 123  $           34.44  $      8,831,845  $        425,000 9,256,845$              5,833,383$     5,854,359$      
7 2029 -$                      -$                  -$                      569 440 129  $           35.48  $      9,492,217  $        900,000 10,392,217$            6,063,759$     11,918,118$    
8 2030 -$                      -$                  -$                      594 460 134  $           36.54  $    10,212,059  $        900,000 11,112,059$            6,003,500$     17,921,617$    
9 2031 -$                      -$                  -$                      621 481 140  $           37.64  $    10,997,015  $        900,000 11,897,015$            5,951,470$     23,873,087$    

10 2032 -$                      -$                   $                         -   650 503 147  $           38.77  $    11,853,342  $        900,000 12,753,342$            5,907,265$     29,780,352$    
Simple Payback 5.00                 

10-year IRR 17%
5-year IRR 0%

Automation Alternative

Year


Building Expansion



				High Bay Expansion																						WACC		8%

		Year		Base Capital Investment		Automated Capital Investment		Net Capital Investment		Base Avg FTE		Alternative FTE		FTE Savings		Wage Rate		Annual Labor Savings		Transport Savings		Lease Savings		Net Annual Cost		Present Value		Total Present Value				150		High Bay Building Cost

		2019		$   - 0		$   - 0		$   (17,098,407)						9		$   24.25		$   453,960		$   184,924		$   820,408		$   (15,639,115)		$   (15,639,115)		$   (15,639,115)				94500		High Bay Sq. Ft.

		2020		$   - 0		$   - 0		$   - 0						9		$   24.98		$   467,579		$   190,472		$   820,408		$   1,478,459		$   1,368,943		$   (14,270,171)

		2021		$   - 0		$   - 0		$   - 0						9		$   25.73		$   481,606		$   196,186		$   820,408		$   1,498,200		$   1,284,465		$   (12,985,706)				100		Rack Cost

		2022		$   - 0		$   - 0		$   - 0						9		$   26.50		$   496,054		$   202,072		$   820,408		$   1,518,534		$   1,205,461		$   (11,780,244)				28224		Postions

		2023		$   - 0		$   - 0		$   - 0						9		$   27.29		$   510,936		$   208,134		$   820,408		$   1,539,478		$   1,131,562		$   (10,648,682)

		2024		$   - 0		$   - 0		$   - 0						9		$   28.11		$   526,264		$   214,378		$   820,408		$   1,561,050		$   1,062,425		$   (9,586,257)				5285.7142857143		Forklift Lease Cost

		2025		$   - 0		$   - 0		$   - 0						9		$   28.96		$   542,052		$   220,809		$   820,408		$   1,583,269		$   997,728		$   (8,588,529)

																								IRR		-20%

																								Simple Payback		N/A						ERROR:#N/A





				Low Bay Expansion																						WACC		8%

		Year		Base Capital Investment		Automated Capital Investment		Net Capital Investment		Base Avg FTE		Alternative FTE		FTE Savings		Wage Rate		Annual Labor Savings		Transport Savings		Lease Savings		Net Annual Cost		Present Value		Total Present Value

		2019		$   - 0		$   - 0		$   (10,432,899)						9		$   24.25		$   453,960		$   150,586		$   820,408		$   (9,007,945)		$   (9,007,945)		$   (9,007,945)				100		High Bay Building Cost

		2020		$   - 0		$   - 0		$   - 0						9		$   24.98		$   467,579		$   155,104		$   820,408		$   1,443,091		$   1,336,195		$   (7,671,749)				88650		High Bay Sq. Ft.

		2021		$   - 0		$   - 0		$   - 0						9		$   25.73		$   481,606		$   159,757		$   820,408		$   1,461,771		$   1,253,233		$   (6,418,516)

		2022		$   - 0		$   - 0		$   - 0						9		$   26.50		$   496,054		$   164,550		$   820,408		$   1,481,012		$   1,175,675		$   (5,242,841)				100		Rack Cost

		2023		$   - 0		$   - 0		$   - 0						9		$   27.29		$   510,936		$   169,486		$   820,408		$   1,500,830		$   1,103,155		$   (4,139,686)				14050		Postions

		2024		$   - 0		$   - 0		$   - 0						9		$   28.11		$   526,264		$   174,571		$   820,408		$   1,521,243		$   1,035,332		$   (3,104,353)

		2025		$   - 0		$   - 0		$   - 0						9		$   28.96		$   542,052		$   179,808		$   820,408		$   1,542,268		$   971,890		$   (2,132,463)				5285.7142857143		Forklift Lease Cost

																								IRR		-8%

																								Simple Payback		9.75





Put Wall



				Put Wall																				WACC		8%

		Year		Base Capital Investment		Automated Capital Investment		Net Capital Investment		Base Avg FTE		Alternative FTE		FTE Savings		Wage Rate		Annual Labor Savings		Equipment Savings		Net Annual Cost		Present Value		Total Present Value

		2020		$   - 0		$   - 0		$   (873,420)		15		13				$   24.25		$   - 0		$   - 0		$   (873,420)		$   (808,722)		$   (808,722)

		2021		$   - 0		$   - 0		$   - 0		15		13		11		$   24.98		$   571,485		$   - 0		$   571,485		$   489,956		$   (318,766)

		2022		$   - 0		$   - 0		$   - 0		15		13		11		$   25.73		$   588,630		$   - 0		$   588,630		$   467,273		$   148,508

		2023		$   - 0		$   - 0		$   - 0		15		13		11		$   26.50		$   606,289		$   - 0		$   606,289		$   445,640		$   594,148

		2024		$   - 0		$   - 0		$   - 0		15		13		11		$   27.29		$   624,477		$   - 0		$   624,477		$   425,009		$   1,019,157

		2025		$   - 0		$   - 0		$   - 0		15		13		11		$   28.11		$   643,212		$   - 0		$   643,212		$   405,332		$   1,424,489

		2026		$   - 0		$   - 0		$   - 0		15		13		11		$   28.96		$   662,508		$   - 0		$   662,508		$   386,567		$   1,811,056

																						IRR		52%

																						Simple Payback		1.68





Sheet1



				2 Pick Lines																				WACC		8%

		Year		Base Capital Investment		Automated Capital Investment		Net Capital Investment		Base Avg FTE		Alternative FTE		FTE Savings		Wage Rate		Annual Labor Savings		Equipment Savings		Net Annual Cost		Present Value		Total Present Value

		2020		$   - 0		$   - 0		$   - 0		12		9				$   24.25		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0

		2021		$   - 0		$   - 0		$   (580,000)		12		9		3		$   24.98		$   135,078		$   - 0		$   (444,922)		$   (381,449)		$   (381,449)

		2022		$   - 0		$   - 0		$   - 0		12		9		3		$   25.73		$   139,131		$   - 0		$   139,131		$   110,446		$   (271,002)

		2023		$   - 0		$   - 0		$   - 0		12		9		3		$   26.50		$   143,305		$   - 0		$   143,305		$   105,333		$   (165,669)

		2024		$   - 0		$   - 0		$   - 0		12		9		3		$   27.29		$   147,604		$   - 0		$   147,604		$   100,457		$   (65,212)

		2025		$   - 0		$   - 0		$   - 0		12		9		3		$   28.11		$   152,032		$   - 0		$   152,032		$   95,806		$   30,593

		2026		$   - 0		$   - 0		$   - 0		12		9		3		$   28.96		$   156,593		$   - 0		$   156,593		$   91,370		$   121,964

																						IRR		10%

																						Simple Payback		4.68



				1 Pick Line																				WACC		8%

		Year		Base Capital Investment		Automated Capital Investment		Net Capital Investment		Base Avg FTE		Alternative FTE		FTE Savings		Wage Rate		Annual Labor Savings		Equipment Savings		Net Annual Cost		Present Value		Total Present Value

		2020		$   - 0		$   - 0		$   - 0		12		10				$   24.25		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0

		2021		$   - 0		$   - 0		$   (290,000)		12		10		2		$   24.98		$   103,387		$   - 0		$   (186,613)		$   (159,991)		$   (159,991)

		2022		$   - 0		$   - 0		$   - 0		12		10		2		$   25.73		$   106,488		$   - 0		$   106,488		$   84,534		$   (75,457)

		2023		$   - 0		$   - 0		$   - 0		12		10		2		$   26.50		$   109,683		$   - 0		$   109,683		$   80,620		$   5,164

		2024		$   - 0		$   - 0		$   - 0		12		10		2		$   27.29		$   112,974		$   - 0		$   112,974		$   76,888		$   82,052

		2025		$   - 0		$   - 0		$   - 0		12		10		2		$   28.11		$   116,363		$   - 0		$   116,363		$   73,328		$   155,380

		2026		$   - 0		$   - 0		$   - 0		12		10		2		$   28.96		$   119,854		$   - 0		$   119,854		$   69,933		$   225,313

																						IRR		41%

																						Simple Payback		2.94





Pack



				Auto Carton Wrap Machine																				WACC		8%

		Year		Base Capital Investment		Automated Capital Investment		Net Capital Investment		Base Avg FTE		Alternative FTE		FTE Savings		Wage Rate		Annual Labor Savings		Equipment Savings		Net Annual Cost		Present Value		Total Present Value

		2019		$   - 0		$   - 0		$   (1,000,000)								$   24.25		$   - 0		$   - 0		$   (1,000,000)		$   (1,000,000)		$   (1,000,000)

		2020		$   - 0		$   - 0		$   - 0		10		4		6		$   24.98		$   311,719		$   - 0		$   311,719		$   288,629		$   (711,371)

		2021		$   - 0		$   - 0		$   - 0		10		4		6		$   25.73		$   321,071		$   - 0		$   321,071		$   275,266		$   (436,105)

		2022		$   - 0		$   - 0		$   - 0		10		4		6		$   26.50		$   330,703		$   - 0		$   330,703		$   262,523		$   (173,582)

		2023		$   - 0		$   - 0		$   - 0		10		4		6		$   27.29		$   340,624		$   - 0		$   340,624		$   250,369		$   76,787

		2024		$   - 0		$   - 0		$   - 0		10		4		6		$   28.11		$   350,843		$   - 0		$   350,843		$   238,778		$   315,564

		2025		$   - 0		$   - 0		$   - 0		10		4		6		$   28.96		$   361,368		$   - 0		$   361,368		$   227,723		$   543,288

																						IRR		15%

																						Simple Payback		3.69



				Carton Erection																				WACC		8%

		Year		Base Capital Investment		Automated Capital Investment		Net Capital Investment		Base Avg FTE		Alternative FTE		FTE Savings		Wage Rate		Annual Labor Savings		Equipment Savings		Net Annual Cost		Present Value		Total Present Value

		2019		$   - 0		$   - 0		$   (220,000)								$   24.25		$   - 0		$   - 0		$   (220,000)		$   (220,000)		$   (220,000)

		2020		$   - 0		$   - 0		$   - 0		5		2		3		$   24.98		$   155,860		$   - 0		$   155,860		$   144,314		$   (75,686)

		2021		$   - 0		$   - 0		$   - 0		5		2		3		$   25.73		$   160,535		$   - 0		$   160,535		$   137,633		$   61,948

		2022		$   - 0		$   - 0		$   - 0		5		2		3		$   26.50		$   165,351		$   - 0		$   165,351		$   131,261		$   193,209

		2023		$   - 0		$   - 0		$   - 0		5		2		3		$   27.29		$   170,312		$   - 0		$   170,312		$   125,184		$   318,393

		2024		$   - 0		$   - 0		$   - 0		5		2		3		$   28.11		$   175,421		$   - 0		$   175,421		$   119,389		$   437,782

		2025		$   - 0		$   - 0		$   - 0		5		2		3		$   28.96		$   180,684		$   - 0		$   180,684		$   113,862		$   551,644

																						IRR		58%

																						Simple Payback		1.55



				Pack Area																				WACC		8%

		Year		Base Capital Investment		Automated Capital Investment		Net Capital Investment		Base Avg FTE		Alternative FTE		FTE Savings		Wage Rate		Annual Labor Savings		Equipment Savings		Net Annual Cost		Present Value		Total Present Value

		2019		$   - 0		$   - 0		$   (121,000)								$   24.25		$   - 0		$   - 0		$   (121,000)		$   (121,000)		$   (121,000)

		2020		$   - 0		$   - 0		$   - 0		5		2		3		$   24.98		$   155,860		$   - 0		$   155,860		$   144,314		$   23,314

		2021		$   - 0		$   - 0		$   - 0		5		2		3		$   25.73		$   160,535		$   - 0		$   160,535		$   137,633		$   160,948

		2022		$   - 0		$   - 0		$   - 0		5		2		3		$   26.50		$   165,351		$   - 0		$   165,351		$   131,261		$   292,209

		2023		$   - 0		$   - 0		$   - 0		5		2		3		$   27.29		$   170,312		$   - 0		$   170,312		$   125,184		$   417,393

		2024		$   - 0		$   - 0		$   - 0		5		2		3		$   28.11		$   175,421		$   - 0		$   175,421		$   119,389		$   536,782

		2025		$   - 0		$   - 0		$   - 0		5		2		3		$   28.96		$   180,684		$   - 0		$   180,684		$   113,862		$   650,644

																						IRR		114%

																						Simple Payback		0.84



				Void Reduction Auto Packaging																				WACC		8%

		Year		Base Capital Investment		Automated Capital Investment		Net Capital Investment		Base Avg FTE		Alternative FTE		FTE Savings		Wage Rate		Annual Labor Savings		Equipment Savings		Net Annual Cost		Present Value		Total Present Value

		2019		$   - 0		$   - 0		$   (961,000)								$   24.25		$   - 0		$   - 0		$   (961,000)		$   (961,000)		$   (961,000)

		2020		$   - 0		$   - 0		$   - 0		5		0		5		$   24.98		$   259,766		$   - 0		$   259,766		$   240,524		$   (720,476)

		2021		$   - 0		$   - 0		$   - 0		5		0		5		$   25.73		$   267,559		$   - 0		$   267,559		$   229,389		$   (491,087)

		2022		$   - 0		$   - 0		$   - 0		5		0		5		$   26.50		$   275,586		$   - 0		$   275,586		$   218,769		$   (272,318)

		2023		$   - 0		$   - 0		$   - 0		5		0		5		$   27.29		$   283,853		$   - 0		$   283,853		$   208,641		$   (63,678)

		2024		$   - 0		$   - 0		$   - 0		5		0		5		$   28.11		$   292,369		$   - 0		$   292,369		$   198,981		$   135,304

		2025		$   - 0		$   - 0		$   - 0		5		0		5		$   28.96		$   301,140		$   - 0		$   301,140		$   189,769		$   325,073

																						IRR		9%

																						Simple Payback		4.32





Combined Paybacks



				2nd Group																				WACC		8%

		Year		Base Capital Investment		Automated Capital Investment		Net Capital Investment		Base Avg FTE		Alternative FTE		FTE Savings		Wage Rate		Annual Labor Savings		Equipment Savings		Net Annual Cost		Present Value		Total Present Value

		2020		$   - 0		$   - 0		$   (4,293,738)		15		13				$   24.25		$   - 0		$   - 0		$   (4,293,738)		$   (4,293,738)		$   (4,293,738)

		2021		$   - 0		$   - 0		$   - 0		15		13		28		$   24.98		$   1,454,690		$   - 0		$   1,454,690		$   1,454,690		$   (2,839,048)

		2022		$   - 0		$   - 0		$   - 0		15		13		28		$   25.73		$   1,498,330		$   - 0		$   1,498,330		$   1,498,330		$   (1,340,718)

		2023		$   - 0		$   - 0		$   - 0		15		13		28		$   26.50		$   1,543,280		$   - 0		$   1,543,280		$   1,543,280		$   202,562

		2024		$   - 0		$   - 0		$   - 0		15		13		28		$   27.29		$   1,589,579		$   - 0		$   1,589,579		$   1,589,579		$   1,792,141

		2025		$   - 0		$   - 0		$   - 0		15		13		28		$   28.11		$   1,637,266		$   - 0		$   1,637,266		$   1,637,266		$   3,429,407

		2026		$   - 0		$   - 0		$   - 0		15		13		28		$   28.96		$   1,686,384		$   - 0		$   1,686,384		$   1,686,384		$   5,115,791

																						IRR		27%

														FTE Savings		Investment						Simple Payback		2.87

								Put Wall						11		$   (873,420)

								Auto Book Wrap						6		$   (1,000,000)						*contingency not included (if items looked at in isolation, additional routing/software costs possible)

								Case Pick						6		$   (1,459,318)

								Smart Carton						5		$   (961,000)						*carton wrap and smart carton options do not consider any differences in packaging costs

								Total						28		$   (4,293,738)

																						*net capital investment is incremental cost above baseline upgraded equipment costs (NOT A TOTAL COST)





				1st Group																				WACC		8%

		Year		Base Capital Investment		Automated Capital Investment		Net Capital Investment		Base Avg FTE		Alternative FTE		FTE Savings		Wage Rate		Annual Labor Savings		Equipment Savings		Net Annual Cost		Present Value		Total Present Value

		2020		$   - 0		$   - 0		$   (328,511)		15		13				$   24.25		$   - 0		$   - 0		$   (328,511)		$   (328,511)		$   (328,511)

		2021		$   - 0		$   - 0		$   - 0		15		13		8		$   24.98		$   415,626		$   - 0		$   415,626		$   415,626		$   87,115

		2022		$   - 0		$   - 0		$   - 0		15		13		8		$   25.73		$   428,094		$   - 0		$   428,094		$   428,094		$   515,209

		2023		$   - 0		$   - 0		$   - 0		15		13		8		$   26.50		$   440,937		$   - 0		$   440,937		$   440,937		$   956,146

		2024		$   - 0		$   - 0		$   - 0		15		13		8		$   27.29		$   454,165		$   - 0		$   454,165		$   454,165		$   1,410,311

		2025		$   - 0		$   - 0		$   - 0		15		13		8		$   28.11		$   467,790		$   - 0		$   467,790		$   467,790		$   1,878,102

		2026		$   - 0		$   - 0		$   - 0		15		13		8		$   28.96		$   481,824		$   - 0		$   481,824		$   481,824		$   2,359,926

																						IRR		128%

														FTE Savings		Investment						Simple Payback		0.79

								Book Mailer						2		$   - 0

								Paper Dunnage						2		$   - 0						*contingency not included (if items looked at in isolation, additional routing/software costs possible)

								Carton Erector						3		$   264,162

								Stretch Queue						1		$   64,349						*book mailer and paper dunnage do not take into consideration any differences in packaging costs

								Total						8		$   328,511









Case Pick



				Case Pick Module																				WACC		8%

		Year		Base Capital Investment		Automated Capital Investment		Net Capital Investment		Base Avg FTE		Alternative FTE		FTE Savings		Wage Rate		Annual Labor Savings		Equipment Savings		Net Annual Cost		Present Value		Total Present Value

		2020		$   - 0		$   - 0		$   (1,459,318)								$   24.25		$   - 0		$   - 0		$   (1,459,318)		$   (1,351,220)		$   (1,351,220)				6		Order Pickers Saved

		2021		$   - 0		$   - 0		$   - 0		17		11		6		$   24.98		$   311,719		$   31,714		$   343,433		$   294,439		$   (1,056,782)

		2022		$   - 0		$   - 0		$   - 0		17		11		6		$   25.73		$   321,071		$   31,714		$   352,785		$   280,052		$   (776,729)				5285.7142857143		Forklift Lease Cost

		2023		$   - 0		$   - 0		$   - 0		17		11		6		$   26.50		$   330,703		$   31,714		$   362,417		$   266,387		$   (510,342)

		2024		$   - 0		$   - 0		$   - 0		17		11		6		$   27.29		$   340,624		$   31,714		$   372,338		$   253,407		$   (256,935)				831918		Conveyor Cost

		2025		$   - 0		$   - 0		$   - 0		17		11		6		$   28.11		$   350,843		$   31,714		$   382,557		$   241,076		$   (15,859)				339900		Mezz Cost

		2026		$   - 0		$   - 0		$   - 0		17		11		6		$   28.96		$   361,368		$   31,714		$   393,082		$   229,360		$   213,501				287500		Rack Cost

																						IRR		5%

																						Simple Payback		5.07



				Case Pick Slapper																				WACC		8%

		Year		Base Capital Investment		Automated Capital Investment		Net Capital Investment		Base Avg FTE		Alternative FTE		FTE Savings		Wage Rate		Annual Labor Savings		Equipment Savings		Net Annual Cost		Present Value		Total Present Value

		2019		$   - 0		$   - 0		$   (561,851)		17		16		1		$   24.25		$   50,440		$   15,857		$   (495,554)		$   (495,554)		$   (495,554)				3		Order Pickers Saved

		2020		$   - 0		$   - 0		$   - 0		14		13		1		$   24.98		$   51,953		$   15,857		$   67,810		$   62,787		$   (432,767)

		2021		$   - 0		$   - 0		$   - 0		14		13		1		$   25.73		$   53,512		$   15,857		$   69,369		$   59,473		$   (373,294)				5285.7142857143		Forklift Lease Cost

		2022		$   - 0		$   - 0		$   - 0		14		13		1		$   26.50		$   55,117		$   15,857		$   70,974		$   56,342		$   (316,952)

		2023		$   - 0		$   - 0		$   - 0		14		13		1		$   27.29		$   56,771		$   15,857		$   72,628		$   53,384		$   (263,569)				507771		Conveyor Cost

		2024		$   - 0		$   - 0		$   - 0		14		13		1		$   28.11		$   58,474		$   15,857		$   74,331		$   50,588		$   (212,980)				0		Mezz Cost

		2025		$   - 0		$   - 0		$   - 0		14		13		1		$   28.96		$   60,228		$   15,857		$   76,085		$   47,947		$   (165,034)				54080		Rack Cost

																						IRR		-11%

																						Simple Payback		ERROR:#REF!





AHFA example



						Automation Alternative																				WACC		8%

		Year				Base Capital Investment		Automated Capital Investment		Net Capital Investment		Base Avg FTE		Alternative FTE		FTE Savings		Wage Rate		Annual Labor Savings		Equipment/Building Savings		Net Annual Savings (Cost)		Present Value		Total Present Value

		0		2022		$   25,000,000		$   50,000,000		$   (25,000,000)								$   28.85		$   - 0		$   - 0		$   (25,000,000)		$   (25,000,000)		$   (25,000,000)

		1		2023		$   - 0		$   - 0		$   - 0		397		307		90		$   29.71		$   5,543,050		$   - 0		$   5,543,050		$   5,132,454		$   (19,867,546)												Baseline (2022)		1

		2		2024		$   - 0		$   - 0		$   - 0		422		327		96		$   30.60		$   6,081,280		$   - 0		$   6,081,280		$   5,213,717		$   (14,653,829)												Year 0 (2026)		1.1626214022

		3		2025		$   - 0		$   - 0		$   - 0		444		343		100		$   31.52		$   6,576,129		$   - 0		$   6,576,129		$   5,220,343		$   (9,433,486)												Year 1 (2027)		1.2383610895

		4		2026		$   2,500,000		$   5,000,000		$   (2,500,000)		474		367		107		$   32.47		$   7,238,263		$   425,000		$   5,163,263		$   3,795,152		$   (5,638,333)												Year 2 (2028)		1.3001258706

		5		2027		$   - 0		$   - 0		$   - 0		502		388		113		$   33.44		$   7,890,382		$   425,000		$   8,315,382		$   5,659,310		$   20,976												Year 3 (2029)		1.3893517392

		6		2028		$   - 0		$   - 0		$   - 0		545		422		123		$   34.44		$   8,831,845		$   425,000		$   9,256,845		$   5,833,383		$   5,854,359												Year 4 (2030)		1.4704107882

		7		2029		$   - 0		$   - 0		$   - 0		569		440		129		$   35.48		$   9,492,217		$   900,000		$   10,392,217		$   6,063,759		$   11,918,118												Year 6 (2032)		1.5979192907

		8		2030		$   - 0		$   - 0		$   - 0		594		460		134		$   36.54		$   10,212,059		$   900,000		$   11,112,059		$   6,003,500		$   17,921,617												Year 7 (2033)		1.6673771495

		9		2031		$   - 0		$   - 0		$   - 0		621		481		140		$   37.64		$   10,997,015		$   900,000		$   11,897,015		$   5,951,470		$   23,873,087												Year 8 (2034)		1.7415753376

		10		2032		$   - 0		$   - 0		$   - 0		650		503		147		$   38.77		$   11,853,342		$   900,000		$   12,753,342		$   5,907,265		$   29,780,352												Year 9 (2035)		1.820818105

																								Simple Payback		5.00														Year 10 (2036)		1.9054402538

																								10-year IRR		17%

																								5-year IRR		0%



																		$   60,000.00





Replen



				Conveyor Putaway																				WACC		8%

		Year		Base Capital Investment		Automated Capital Investment		Net Capital Investment		Base Avg FTE		Alternative FTE		FTE Savings		Wage Rate		Annual Labor Savings		Equipment Savings		Net Annual Cost		Present Value		Total Present Value

		2022		$   - 0		$   1,079,442		$   (1,079,442)								$   28.85		$   - 0		$   - 0		$   (1,079,442)		$   (1,079,442)		$   (1,079,442)

		2026		$   - 0		$   - 0		$   - 0		14.03		12.20		1.8		$   29.71		$   113,123		$   - 0		$   113,123		$   83,149		$   (996,293)												Baseline (2022)		1

		2027		$   - 0		$   - 0		$   - 0		14.95		13.00		1.9		$   30.60		$   124,108		$   - 0		$   124,108		$   84,466		$   (911,827)												Year 0 (2026)		1.1626214022

		2028		$   - 0		$   - 0		$   - 0		15.69		13.65		2.0		$   31.52		$   134,207		$   - 0		$   134,207		$   84,573		$   (827,254)												Year 1 (2027)		1.2383610895

		2029		$   - 0		$   - 0		$   - 0		16.77		14.58		2.2		$   32.47		$   147,720		$   - 0		$   147,720		$   86,193		$   (741,061)												Year 2 (2028)		1.3001258706

		2030		$   - 0		$   - 0		$   - 0		17.75		15.43		2.3		$   33.44		$   161,028		$   - 0		$   161,028		$   86,999		$   (654,063)												Year 3 (2029)		1.3893517392

		2031		$   - 0		$   - 0		$   - 0		18.50		16.09		2.4		$   34.44		$   172,911		$   - 0		$   172,911		$   86,498		$   (567,564)												Year 4 (2030)		1.4704107882

		2032		$   - 0		$   - 0		$   - 0		19.29		16.77		2.5		$   35.48		$   185,649		$   - 0		$   185,649		$   85,991		$   (481,573)												Year 5 (2031)		1.5329259798

		2033		$   - 0		$   - 0		$   - 0		20.13		17.50		2.6		$   36.54		$   199,530		$   - 0		$   199,530		$   85,575		$   (395,998)												Year 6 (2032)		1.5979192907

		2034		$   - 0		$   - 0		$   - 0		21.02		18.28		2.7		$   37.64		$   214,662		$   - 0		$   214,662		$   85,245		$   (310,753)												Year 7 (2033)		1.6673771495

		2035		$   - 0		$   - 0		$   - 0		21.98		19.11		2.9		$   38.77		$   231,162		$   - 0		$   231,162		$   84,998		$   (225,755)												Year 8 (2034)		1.7415753376

		2036		$   - 0		$   - 0		$   - 0		23.00

Chris Brandt: Chris Brandt:
pick 1-7
pack 1 & 2a
		20.00		3.0		$   39.93		$   249,162		$   - 0		$   249,162		$   84,830		$   (140,925)												Year 9 (2035)		1.820818105

																						IRR		-2%														Year 10 (2036)		1.9054402538

																						Simple Payback		ERROR:#REF!



				AMR Putaway																				WACC		8%

		Year		Base Capital Investment		Automated Capital Investment		Net Capital Investment		Base Avg FTE		Alternative FTE		FTE Savings		Wage Rate		Annual Labor Savings		Equipment Savings		Net Annual Cost		Present Value		Total Present Value

		2022		$   - 0		$   - 0		$   - 0								$   28.85		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0

		2026		$   - 0		$   - 0		$   - 0		14.03		12.20		1.8		$   29.71		$   113,123		$   (732,191)		$   (619,067)		$   (455,033)		$   (455,033)												Baseline (2022)		1

		2027		$   - 0		$   - 0		$   - 0		14.95		13.00		1.9		$   30.60		$   124,108		$   (732,191)		$   (608,083)		$   (413,851)		$   (868,884)												Year 0 (2026)		1.1626214022

		2028		$   - 0		$   - 0		$   - 0		15.69		13.65		2.0		$   31.52		$   134,207		$   (732,191)		$   (597,984)		$   (376,831)		$   (1,245,715)												Year 1 (2027)		1.2383610895

		2029		$   - 0		$   - 0		$   - 0		16.77		14.58		2.2		$   32.47		$   147,720		$   (732,191)		$   (584,471)		$   (341,033)		$   (1,586,749)												Year 2 (2028)		1.3001258706

		2030		$   - 0		$   - 0		$   - 0		17.75		15.43		2.3		$   33.44		$   161,028		$   (732,191)		$   (571,163)		$   (308,581)		$   (1,895,330)												Year 3 (2029)		1.3893517392

		2031		$   - 0		$   - 0		$   - 0		18.50		16.09		2.4		$   34.44		$   172,911		$   (732,191)		$   (559,280)		$   (279,779)		$   (2,175,109)												Year 4 (2030)		1.4704107882

		2032		$   - 0		$   - 0		$   - 0		19.29		16.77		2.5		$   35.48		$   185,649		$   (732,191)		$   (546,542)		$   (253,155)		$   (2,428,264)												Year 5 (2031)		1.5329259798

		2033		$   - 0		$   - 0		$   - 0		20.13		17.50		2.6		$   36.54		$   199,530		$   (732,191)		$   (532,660)		$   (228,449)		$   (2,656,713)												Year 6 (2032)		1.5979192907

		2034		$   - 0		$   - 0		$   - 0		21.02		18.28		2.7		$   37.64		$   214,662		$   (732,191)		$   (517,529)		$   (205,518)		$   (2,862,231)												Year 7 (2033)		1.6673771495

		2035		$   - 0		$   - 0		$   - 0		21.98		19.11		2.9		$   38.77		$   231,162		$   (732,191)		$   (501,029)		$   (184,227)		$   (3,046,458)												Year 8 (2034)		1.7415753376

		2036		$   - 0		$   - 0		$   - 0		23.00

Chris Brandt: Chris Brandt:
pick 1-7
pack 1 & 2a
		20.00		3.0		$   39.93		$   249,162		$   (732,191)		$   (483,029)		$   (164,452)		$   (3,210,910)												Year 9 (2035)		1.820818105

																						IRR		ERROR:#NUM!														Year 10 (2036)		1.9054402538

																						Simple Payback		ERROR:#REF!





Pick



				BATCH PICKING MU ORDERS & PUTWALL, 2 LEVEL PICK MODULE																				WACC		8%

		Year		Base Capital Investment		Automated Capital Investment		Net Capital Investment		Base Avg FTE		Alternative FTE		FTE Savings		Wage Rate		Annual Labor Savings		Equipment Savings		Net Annual Cost		Present Value		Total Present Value

		2022		$   5,724,274.00		$   5,392,601		$   331,673								$   28.85		$   - 0		$   - 0		$   331,673		$   331,673		$   331,673

		2026		$   - 0		$   - 0		$   - 0		23.43		25.87		-2.4		$   29.71		$   (150,831)		$   - 0		$   (150,831)		$   (110,866)		$   220,807

		2027		$   - 0		$   - 0		$   - 0		24.96		27.56		-2.6		$   30.60		$   (165,477)		$   - 0		$   (165,477)		$   (112,621)		$   108,187

		2028		$   - 0		$   - 0		$   - 0		26.20		28.93		-2.7		$   31.52		$   (178,942)		$   - 0		$   (178,942)		$   (112,764)		$   (4,577)

		2029		$   - 0		$   - 0		$   - 0		28.00		30.92		-2.9		$   32.47		$   (196,960)		$   - 0		$   (196,960)		$   (114,924)		$   (119,501)

		2030		$   - 0		$   - 0		$   - 0		29.63		32.72		-3.1		$   33.44		$   (214,704)		$   - 0		$   (214,704)		$   (115,998)		$   (235,499)

		2031		$   - 0		$   - 0		$   - 0		30.89		34.11		-3.2		$   34.44		$   (230,548)		$   - 0		$   (230,548)		$   (115,331)		$   (350,831)

		2032		$   - 0		$   - 0		$   - 0		32.20		35.56		-3.4		$   35.48		$   (247,532)		$   - 0		$   (247,532)		$   (114,655)		$   (465,486)

		2033		$   - 0		$   - 0		$   - 0		33.60		37.10		-3.5		$   36.54		$   (266,040)		$   - 0		$   (266,040)		$   (114,100)		$   (579,586)

		2034		$   - 0		$   - 0		$   - 0		35.10		38.75		-3.7		$   37.64		$   (286,216)		$   - 0		$   (286,216)		$   (113,660)		$   (693,246)

		2035		$   - 0		$   - 0		$   - 0		36.69		40.52		-3.8		$   38.77		$   (308,216)		$   - 0		$   (308,216)		$   (113,330)		$   (806,576)

		2036		$   - 0		$   - 0		$   - 0		38.40

Chris Brandt: Chris Brandt:
pick 1-7
pack 1 & 2a
		42.40		-4.0		$   39.93		$   (332,216)		$   - 0		$   (332,216)		$   (113,107)		$   (919,683)

																						IRR		33%

																						Simple Payback		ERROR:#REF!

										Need Labor for this



				Shuttle																				WACC		8%

		Year		Base Capital Investment		Automated Capital Investment		Net Capital Investment		Base Avg FTE		Alternative FTE		FTE Savings		Wage Rate		Annual Labor Savings		Equipment Savings		Net Annual Cost		Present Value		Total Present Value

		2022		$   5,724,274.00		$   12,440,660		$   (6,716,386)								$   28.85		$   - 0		$   - 0		$   (6,716,386)		$   (6,716,386)		$   (6,716,386)

		2026		$   - 0		$   - 0		$   - 0		38.38		20.50		17.9		$   29.71		$   1,104,839		$   - 0		$   1,104,839		$   812,090		$   (5,904,296)												Baseline (2022)		1

		2027		$   - 0		$   - 0		$   - 0		40.88		21.84		19.0		$   30.60		$   1,212,119		$   - 0		$   1,212,119		$   824,948		$   (5,079,348)												Year 0 (2026)		1.1626214022

		2028		$   - 0		$   - 0		$   - 0		42.92		22.93		20.0		$   31.52		$   1,310,752		$   - 0		$   1,310,752		$   825,996		$   (4,253,352)												Year 1 (2027)		1.2383610895

		2029		$   - 0		$   - 0		$   - 0		45.86		24.50		21.4		$   32.47		$   1,442,729		$   - 0		$   1,442,729		$   841,818		$   (3,411,534)												Year 2 (2028)		1.3001258706

		2030		$   - 0		$   - 0		$   - 0		48.54		25.93		22.6		$   33.44		$   1,572,709		$   - 0		$   1,572,709		$   849,686		$   (2,561,848)												Year 3 (2029)		1.3893517392

		2031		$   - 0		$   - 0		$   - 0		50.60		27.03		23.6		$   34.44		$   1,688,761		$   - 0		$   1,688,761		$   844,801		$   (1,717,047)												Year 4 (2030)		1.4704107882

		2032		$   - 0		$   - 0		$   - 0		52.75		28.18		24.6		$   35.48		$   1,813,172		$   - 0		$   1,813,172		$   839,849		$   (877,198)												Year 5 (2031)		1.5329259798

		2033		$   - 0		$   - 0		$   - 0		55.04		29.40		25.6		$   36.54		$   1,948,746		$   - 0		$   1,948,746		$   835,784		$   (41,414)												Year 6 (2032)		1.5979192907

		2034		$   - 0		$   - 0		$   - 0		57.49		30.71		26.8		$   37.64		$   2,096,529		$   - 0		$   2,096,529		$   832,560		$   791,146												Year 7 (2033)		1.6673771495

		2035		$   - 0		$   - 0		$   - 0		60.11		32.11		28.0		$   38.77		$   2,257,680		$   - 0		$   2,257,680		$   830,144		$   1,621,290												Year 8 (2034)		1.7415753376

		2036		$   - 0		$   - 0		$   - 0		62.90

Chris Brandt: Chris Brandt:
pick 1-7
pack 1 & 2a
		33.60		29.3		$   39.93		$   2,433,483		$   - 0		$   2,433,483		$   828,506		$   2,449,796												Year 9 (2035)		1.820818105

																						IRR		6%														Year 10 (2036)		1.9054402538

																						Simple Payback		8.05



				AMR																				WACC		8%

		Year		Base Capital Investment		Automated Capital Investment		Net Capital Investment		Base Avg FTE		Alternative FTE		FTE Savings		Wage Rate		Annual Labor Savings		Equipment Savings		Net Annual Cost		Present Value		Total Present Value

		2022		$   5,724,274.00		$   3,860,636		$   1,863,638								$   28.85		$   - 0		$   - 0		$   1,863,638		$   1,863,638		$   1,863,638

		2026		$   - 0		$   1,248,385		$   (1,248,385)		23.43		20.81		2.6		$   29.71		$   162,144		$   - 0		$   (1,086,242)		$   (798,420)		$   1,065,218												Baseline (2022)		1

		2027		$   - 0		$   1,329,712		$   (1,329,712)		24.96		22.16		2.8		$   30.60		$   177,888		$   - 0		$   (1,151,824)		$   (783,912)		$   281,306												Year 0 (2026)		1.1626214022

		2028		$   - 0		$   1,396,033		$   (1,396,033)		26.20		23.27		2.9		$   31.52		$   192,363		$   - 0		$   (1,203,670)		$   (758,516)		$   (477,211)												Year 1 (2027)		1.2383610895

		2029		$   - 0		$   1,491,841		$   (1,491,841)		28.00		24.86		3.1		$   32.47		$   211,732		$   - 0		$   (1,280,109)		$   (746,932)		$   (1,224,142)												Year 2 (2028)		1.3001258706

		2030		$   - 0		$   1,578,879		$   (1,578,879)		29.63		26.31		3.3		$   33.44		$   230,807		$   - 0		$   (1,348,072)		$   (728,322)		$   (1,952,464)												Year 3 (2029)		1.3893517392

		2031		$   - 0		$   1,646,006		$   (1,646,006)		30.89		27.43		3.5		$   34.44		$   247,839		$   - 0		$   (1,398,168)		$   (699,432)		$   (2,651,896)												Year 4 (2030)		1.4704107882

		2032		$   - 0		$   1,715,794		$   (1,715,794)		32.20		28.60		3.6		$   35.48		$   266,097		$   - 0		$   (1,449,697)		$   (671,490)		$   (3,323,386)												Year 5 (2031)		1.5329259798

		2033		$   - 0		$   1,790,376		$   (1,790,376)		33.60		29.84		3.8		$   36.54		$   285,993		$   - 0		$   (1,504,382)		$   (645,204)		$   (3,968,589)												Year 6 (2032)		1.5979192907

		2034		$   - 0		$   1,870,047		$   (1,870,047)		35.10		31.17		3.9		$   37.64		$   307,682		$   - 0		$   (1,562,365)		$   (620,437)		$   (4,589,026)												Year 7 (2033)		1.6673771495

		2035		$   - 0		$   1,955,135		$   (1,955,135)		36.69		32.59		4.1		$   38.77		$   331,332		$   - 0		$   (1,623,804)		$   (597,069)		$   (5,186,096)												Year 8 (2034)		1.7415753376

		2036		$   - 0		$   2,046,000		$   (2,046,000)		38.40

Chris Brandt: Chris Brandt:
pick 1-7
pack 1 & 2a
		34.10		4.3		$   39.93		$   357,132		$   - 0		$   (1,688,868)		$   (574,994)		$   (5,761,089)												Year 9 (2035)		1.820818105

																						IRR		39%														Year 10 (2036)		1.9054402538

																						Simple Payback		ERROR:#REF!





PANDA



				SHUTTLE PICKING AND RECEIVING/DECANT																				WACC		8%

		Year		Base Capital Investment		Automated Capital Investment		Net Capital Investment		Base Avg FTE		Alternative FTE		FTE Savings		Wage Rate		Annual Labor Savings		Equipment Savings		Net Annual Cost		Present Value		Total Present Value

		2022		$   (20,592,362.56)		$   (25,477,336)

Chris Brandt: Chris Brandt:
excludes the mobile equipment		$   (4,884,974)		44.4		30.1				$   28.85		$   - 0		$   - 0		$   (4,884,974)		$   (4,884,974)		$   (4,884,974)		0										Baseline (2022)		1

		2026		$   - 0		$   - 0		$   - 0		51.6		35.0		16.6		$   29.71		$   1,025,653		$   - 0		$   1,025,653		$   753,885		$   (4,131,088)		1										Year 0 (2026)		1.1626214022

		2027		$   - 0		$   - 0		$   - 0		55.0		37.3		17.7		$   30.60		$   1,125,244		$   - 0		$   1,125,244		$   765,822		$   (3,365,266)		2										Year 1 (2027)		1.2383610895

		2028		$   - 0		$   - 0		$   - 0		57.7		39.2		18.6		$   31.52		$   1,216,808		$   - 0		$   1,216,808		$   766,795		$   (2,598,471)		3										Year 2 (2028)		1.3001258706

		2029		$   - 0		$   - 0		$   - 0		61.7		41.9		19.8		$   32.47		$   1,339,325		$   - 0		$   1,339,325		$   781,483		$   (1,816,988)		4										Year 3 (2029)		1.3893517392

		2030		$   - 0		$   - 0		$   - 0		65.3		44.3		21.0		$   33.44		$   1,459,989		$   - 0		$   1,459,989		$   788,787		$   (1,028,201)		5										Year 4 (2030)		1.4704107882

		2031		$   - 0		$   - 0		$   - 0		68.1		46.2		21.9		$   34.44		$   1,567,723		$   - 0		$   1,567,723		$   784,252		$   (243,949)		6										Year 5 (2031)		1.5329259798

		2032		$   - 0		$   - 0		$   - 0		70.9		48.1		22.8		$   35.48		$   1,683,217		$   - 0		$   1,683,217		$   779,655		$   535,706		7										Year 6 (2032)		1.5979192907

		2033		$   - 0		$   - 0		$   - 0		74.0		50.2		23.8		$   36.54		$   1,809,075		$   - 0		$   1,809,075		$   775,881		$   1,311,587		8										Year 7 (2033)		1.6673771495

		2034		$   - 0		$   - 0		$   - 0		77.3		52.5		24.9		$   37.64		$   1,946,266		$   - 0		$   1,946,266		$   772,889		$   2,084,476		9										Year 8 (2034)		1.7415753376

		2035		$   - 0		$   - 0		$   - 0		80.8		54.9		26.0		$   38.77		$   2,095,867		$   - 0		$   2,095,867		$   770,646		$   2,855,122		10										Year 9 (2035)		1.820818105

		2036		$   - 0		$   - 0		$   - 0		84.6		57.4

Chris Brandt: Chris Brandt:
all putaway and replen
all pick less pallet picks
pack 1 & 2aPack2
		

Chris Brandt: Chris Brandt:
excludes the mobile equipment								27.2		$   39.93		$   2,259,070		$   - 0		$   2,259,070		$   769,125		$   3,624,247		11										Year 10 (2036)		1.9054402538

																						IRR		11%

																						Simple Payback		6.31



				In-Line Print and Apply																				WACC		8%

		Year		Base Capital Investment		Automated Capital Investment		Net Capital Investment		Base Avg FTE		Alternative FTE		FTE Savings		Wage Rate		Annual Labor Savings		Equipment Savings		Net Annual Cost		Present Value		Total Present Value

		2022		$   (1,419,299.16)		$   (2,250,787)

Chris Brandt: Chris Brandt:
Panda from Conveyor Print and Apply

save 1 dunnage and seal line at peak - 5 total vs 6

		$   (831,488)		0		0				$   28.85		$   - 0		$   - 0		$   (831,488)		$   (831,488)		$   (831,488)

		2026		$   - 0		$   - 0		$   - 0						0.71		$   29.71		$   43,832		$   - 0		$   43,832		$   32,218		$   (799,270)

		2027		$   - 0		$   - 0		$   - 0						0.76		$   30.60		$   48,088		$   - 0		$   48,088		$   32,728		$   (766,542)

		2028		$   - 0		$   - 0		$   - 0						0.79		$   31.52		$   52,001		$   - 0		$   52,001		$   32,769		$   (733,773)

		2029		$   - 0		$   - 0		$   - 0						0.85		$   32.47		$   57,237		$   - 0		$   57,237		$   33,397		$   (700,376)

		2030		$   - 0		$   - 0		$   - 0						0.90		$   33.44		$   62,393		$   - 0		$   62,393		$   33,709		$   (666,667)

		2031		$   - 0		$   - 0		$   - 0						0.94		$   34.44		$   66,997		$   - 0		$   66,997		$   33,515		$   (633,151)

		2032		$   - 0		$   - 0		$   - 0						0.97		$   35.48		$   71,933		$   - 0		$   71,933		$   33,319		$   (599,832)

		2033		$   - 0		$   - 0		$   - 0						1.02		$   36.54		$   77,312		$   - 0		$   77,312		$   33,158		$   (566,675)

		2034		$   - 0		$   - 0		$   - 0						1.06		$   37.64		$   83,174		$   - 0		$   83,174		$   33,030		$   (533,645)

		2035		$   - 0		$   - 0		$   - 0						1.11		$   38.77		$   89,568		$   - 0		$   89,568		$   32,934		$   (500,711)

		2036		$   - 0		$   - 0		$   - 0						1.16		$   39.93		$   96,542		$   - 0		$   96,542		$   32,869		$   (467,842)

																						IRR		-12%

																						Simple Payback		> 10 Years





Alt 3



				AMR PICKING																				WACC		8%

		Year		Base Capital Investment		Automated Capital Investment		Net Capital Investment		Base Avg FTE		Alternative FTE		FTE Savings		Wage Rate		Annual Labor Savings		Equipment Savings		Net Annual Cost		Present Value		Total Present Value

		2022		20,592,363		$   18,539,630		$   (2,052,732)		27.8		28.1				$   28.85		$   - 0				$   (2,052,732)		$   (2,052,732)		$   (2,052,732)												Baseline (2022)		1		1.0496261932

		2026		$   - 0		$   - 0		$   - 0		32.3		32.7		-0.4		$   29.71		$   (26,395)		$   (614,222)		$   (640,617)		$   (470,873)		$   (2,523,605)				(10.2)								Year 0 (2026)		1.1626214022		1.22

		2027		$   - 0		$   - 0		$   - 0		34.4		34.8		-0.5		$   30.60		$   (28,958)		$   (654,236)		$   (683,194)		$   (464,971)		$   (2,988,576)				(10.9)								Year 1 (2027)		1.2383610895		1.30

		2028		$   - 0		$   - 0		$   - 0		36.1		36.6		-0.5		$   31.52		$   (31,315)		$   (686,867)		$   (718,182)		$   (452,576)		$   (3,441,152)				(11.4)								Year 2 (2028)		1.3001258706		1.36

		2029		$   - 0		$   - 0		$   - 0		38.6		39.1		-0.5		$   32.47		$   (34,468)		$   (734,005)		$   (768,473)		$   (448,397)		$   (3,889,549)				(12.2)								Year 3 (2029)		1.3893517392		1.46

		2030		$   - 0		$   - 0		$   - 0		40.8		41.4		-0.5		$   33.44		$   (37,573)		$   (776,830)		$   (814,403)		$   (439,996)		$   (4,329,545)				(12.9)								Year 4 (2030)		1.4704107882		1.54

		2031		$   - 0		$   - 0		$   - 0		42.6		43.1		-0.6		$   34.44		$   (40,346)		$   (809,857)		$   (850,203)		$   (425,313)		$   (4,754,858)				(13.5)								Year 5 (2031)		1.5329259798		1.61

		2032		$   - 0		$   - 0		$   - 0		44.4		44.9		-0.6		$   35.48		$   (43,318)		$   (844,193)		$   (887,511)		$   (411,089)		$   (5,165,948)				(14.1)								Year 6 (2032)		1.5979192907		1.68

		2033		$   - 0		$   - 0		$   - 0		46.3		46.9		-0.6		$   36.54		$   (46,557)		$   (880,888)		$   (927,445)		$   (397,765)		$   (5,563,713)				(14.7)								Year 7 (2033)		1.6673771495		1.75

		2034		$   - 0		$   - 0		$   - 0		48.4		49.0		-0.6		$   37.64		$   (50,088)		$   (920,088)		$   (970,176)		$   (385,270)		$   (5,948,983)				(15.3)								Year 8 (2034)		1.7415753376		1.83

		2035		$   - 0		$   - 0		$   - 0		50.6		51.2		-0.7		$   38.77		$   (53,938)		$   (961,952)		$   (1,015,890)		$   (373,541)		$   (6,322,524)				(16.0)								Year 9 (2035)		1.820818105		1.91

		2036		$   - 0		$   - 0		$   - 0		52.9		53.6

Chris Brandt: Chris Brandt:
extra touches at the MU VPM Station		-0.7		$   39.93		$   (58,138)		$   (1,006,659)

Chris Brandt: Chris Brandt:
annual cost of bots		$   (1,064,797)		$   (362,522)		$   (6,685,046)				(16.8)								Year 10 (2036)		1.9054402538		2

																						IRR		ERROR:#NUM!

																						Simple Payback		ERROR:#REF!



				AMR RECEIVING/PUTAWAY																				WACC		8%

		Year		Base Capital Investment		Automated Capital Investment		Net Capital Investment		Base Avg FTE		Alternative FTE		FTE Savings		Wage Rate		Annual Labor Savings		Equipment Savings		Net Annual Cost		Present Value		Total Present Value

		2022		$   - 0		$   (200,000)		$   (200,000)						1.0		$   28.85		$   62,978		$   - 0		$   (137,022)		$   (137,022)		$   (137,022)

		2026		$   - 0		$   - 0		$   - 0						1.2		$   29.71		$   75,416		$   (61,317)		$   14,098		$   10,363		$   (126,660)

		2027		$   - 0		$   - 0		$   - 0						1.3		$   30.60		$   82,739		$   (65,312)		$   17,427		$   11,860		$   (114,799)

		2028		$   - 0		$   - 0		$   - 0						1.4		$   31.52		$   89,471		$   (68,569)		$   20,902		$   13,172		$   (101,628)

		2029		$   - 0		$   - 0		$   - 0						1.5		$   32.47		$   98,480		$   (73,275)		$   25,205		$   14,707		$   (86,921)

		2030		$   - 0		$   - 0		$   - 0						1.5		$   33.44		$   107,352		$   (77,550)		$   29,802		$   16,101		$   (70,820)

		2031		$   - 0		$   - 0		$   - 0						1.6		$   34.44		$   115,274		$   (80,847)		$   34,426		$   17,222		$   (53,598)

		2032		$   - 0		$   - 0		$   - 0						1.7		$   35.48		$   123,766		$   (84,275)		$   39,491		$   18,292		$   (35,307)

		2033		$   - 0		$   - 0		$   - 0						1.8		$   36.54		$   133,020		$   (87,938)		$   45,082		$   19,335		$   (15,972)

		2034		$   - 0		$   - 0		$   - 0						1.8		$   37.64		$   143,108		$   (91,852)		$   51,256		$   20,354		$   4,383

		2035		$   - 0		$   - 0		$   - 0						1.9		$   38.77		$   154,108		$   (96,031)		$   58,077		$   21,355		$   25,738

		2036		$   - 0		$   - 0		$   - 0						2.0		$   39.93		$   166,108		$   (100,494)

Chris Brandt: Chris Brandt:
annual robot cost
		$   65,614		$   22,339		$   48,077

																						IRR		5%

																						Simple Payback		8.78



				VARIABLE AUTO CARTON ERECTOR																				WACC		8%

		Year		Base Capital Investment		Automated Capital Investment		Net Capital Investment		Base Avg FTE		Alternative FTE		FTE Savings		Wage Rate		Annual Labor Savings		Equipment Savings		Net Annual Cost		Present Value		Total Present Value

		2022		$   - 0		$   - 0		$   - 0						0.0		$   28.85		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0

		2026		$   - 0		$   - 0		$   - 0						1.0		$   29.71		$   61,800		$   - 0		$   61,800		$   36,060		$   84,145

		2027		$   - 0		$   - 0		$   - 0						1.0		$   30.60		$   63,654		$   - 0		$   63,654		$   34,390		$   118,535

		2028		$   - 0		$   - 0		$   - 0						1.0		$   31.52		$   65,564		$   - 0		$   65,564		$   32,798		$   151,333

		2029		$   - 0		$   - 0		$   - 0						1.0		$   32.47		$   67,531		$   - 0		$   67,531		$   31,280		$   182,613

		2030		$   - 0		$   - 0		$   - 0						1.0		$   33.44		$   69,556		$   - 0		$   69,556		$   29,832		$   212,445

		2031		$   - 0		$   - 0		$   - 0						1.0		$   34.44		$   71,643		$   - 0		$   71,643		$   28,450		$   240,895

		2032		$   - 0		$   - 0		$   - 0						1.0		$   35.48		$   73,792		$   - 0		$   73,792		$   27,133		$   268,029

		2033		$   - 0		$   - 0		$   - 0						1.0		$   36.54		$   76,006		$   - 0		$   76,006		$   25,877		$   293,906

		2034		$   - 0		$   - 0		$   - 0						1.0		$   37.64		$   78,286		$   - 0		$   78,286		$   24,679		$   318,585

		2035		$   - 0		$   - 0		$   - 0						1.0		$   38.77		$   80,635		$   - 0		$   80,635		$   23,537		$   342,121

		2036		$   - 0		$   - 0		$   - 0						1.0		$   39.93		$   83,054		$   - 0		$   83,054		$   22,447		$   364,568

																						IRR		ERROR:#NUM!

																						Simple Payback		- 0



				POWeRED BOOM (2 lines only)																				WACC		8%

		Year		Base Capital Investment		Automated Capital Investment		Net Capital Investment		Base Avg FTE		Alternative FTE		FTE Savings		Wage Rate		Annual Labor Savings		Equipment Savings		Net Annual Cost		Present Value		Total Present Value

		2022		$   - 0		$   - 0		$   - 0						ERROR:#DIV/0!		$   28.85		ERROR:#DIV/0!		$   - 0		ERROR:#DIV/0!		ERROR:#DIV/0!		ERROR:#DIV/0!

		2026		$   - 0		$   - 0		$   - 0						0.0		$   29.71		$   - 0		$   - 0		$   - 0		$   - 0		ERROR:#NUM!

		2027		$   - 0		$   - 0		$   - 0						0.0		$   30.60		$   - 0		$   - 0		$   - 0		$   - 0		ERROR:#NUM!

		2028		$   - 0		$   - 0		$   - 0						0.0		$   31.52		$   - 0		$   - 0		$   - 0		$   - 0		ERROR:#NUM!

		2029		$   - 0		$   - 0		$   - 0						0.0		$   32.47		$   - 0		$   - 0		$   - 0		$   - 0		ERROR:#NUM!

		2030		$   - 0		$   - 0		$   - 0						0.0		$   33.44		$   - 0		$   - 0		$   - 0		$   - 0		ERROR:#NUM!

		2031		$   - 0		$   - 0		$   - 0						0.0		$   34.44		$   - 0		$   - 0		$   - 0		$   - 0		ERROR:#NUM!

		2032		$   - 0		$   - 0		$   - 0						0.0		$   35.48		$   - 0		$   - 0		$   - 0		$   - 0		ERROR:#NUM!

		2033		$   - 0		$   - 0		$   - 0						0.0		$   36.54		$   - 0		$   - 0		$   - 0		$   - 0		ERROR:#NUM!

		2034		$   - 0		$   - 0		$   - 0						0.0		$   37.64		$   - 0		$   - 0		$   - 0		$   - 0		ERROR:#NUM!

		2035		$   - 0		$   - 0		$   - 0						0.0		$   38.77		$   - 0		$   - 0		$   - 0		$   - 0		ERROR:#NUM!

		2036		$   - 0		$   - 0		$   - 0						2.0		$   39.93		$   166,108		$   - 0		$   166,108		$   44,894		ERROR:#NUM!

																						IRR		ERROR:#VALUE!

																						Simple Payback		ERROR:#N/A





Misc

		STORAGE

				Cost		Sq. Ft.		Pallet Positions		Plts/Sq. Ft.		$/PP

		SD Only		$   3,917,623		194,050		27,512		0.14		$   142.40

		DD + SD		$   3,977,299		150,271		27,116		0.18		$   146.68

		PB + SD		$   4,075,779		175,766		24,048		0.14		$   169.49

		SHIPPING

				Cost		Sq.Ft.		Capacity Rate

		Narrow		$   260,042		2,927

Chris Brandt: Chris Brandt:
platform Sq.ft.
		85 CPM

Chris Brandt: Chris Brandt:
from fidler - about 90-85 CPM using 80% utilization and 15" avg length, 18" gap, 300 FPM


		Shoe		$   866,218		3,144		500 CPH

		Palletization

				Cost		Sq. Ft.				Plts/Sq. Ft.

		Separate

		Consolidated

		H Divert

		VPM Pack Station Design

				Cost		Sq. Ft.				Plts/Sq. Ft.

		Separate

		Consolidated

		H Divert

		Small Pack station Design

				Cost		Sq. Ft.				Plts/Sq. Ft.

		Separate

		Consolidated

		H Divert





Input

		Fully Loaded Wage		$60,000

				INBOUND		Baseline (2022)		Year 0 (2026)		Year 1 (2027)		Year 2 (2028)		Year 3 (2029)		Year 4 (2030)		Year 5 (2031)		Year 6 (2032)		Year 7 (2033)		Year 8 (2034)		Year 9 (2035)		Year 10 (2036)

				Units		8,789,720		10,832,412		11,538,096		12,113,573		12,944,911		13,700,157		14,282,625		14,888,183		15,535,338		16,226,660		16,964,983		17,753,427				baseline units/line using SHS		77.8133659115						baseline orders no SHS scale		11,808

				Lines		112,959		139,210		148,279		155,675		166,358		176,064		183,550		191,332		199,649		208,533		218,021		228,154												baseline units no SHS scale		8,789,720

				SKUs		22,631		22,631		22,631		22,631		22,631		22,631		22,631		22,631		22,631		22,631		22,631		22,631												baseline units/order no SHS scale		744.3868563686

				Orders		11,808		14,552		15,500		16,273		17,390		18,405		19,187		20,001		20,870		21,799		22,791		23,850				baseline units/order using SHS		744.3868563686

				Cube		4,143,176		5,569,320		5,977,642		6,315,466		6,786,806		7,208,901		7,538,164		7,878,127		8,238,702		8,621,375		9,027,759		9,459,608

				Cumulative Growth (Units)				23%		31%		38%		47%		56%		62%		69%		77%		85%		93%		102%

				OUTBOUND		Baseline (2022)		Year 0 (2026)		Year 1 (2027)		Year 2 (2028)		Year 3 (2029)		Year 4 (2030)		Year 5 (2031)		Year 6 (2032)		Year 7 (2033)		Year 8 (2034)		Year 9 (2035)		Year 10 (2036)

				Units		9,317,231		10,832,412		11,538,096		12,113,573		12,944,911		13,700,157		14,282,625		14,888,183		15,535,338		16,226,660		16,964,983		17,753,427												baseline orders no SHS scale		1,381,529

				Lines		1,572,436		1,828,148		1,947,244		2,044,365		2,184,667		2,312,127		2,410,428		2,512,626		2,621,844		2,738,516		2,863,120		2,996,183				baseline units/line		5.9253483131						baseline units no SHS scale		9,317,231

				SKUs		29,262		29,262		29,262		29,262		29,262		29,262		29,262		29,262		29,262		29,262		29,262		29,262												baseline units/order no SHS scale		6.7441443502

				Orders		1,381,529		1,606,195		1,710,832		1,796,162		1,919,430		2,031,415		2,117,782		2,207,572		2,303,530		2,406,037		2,515,513		2,632,421				baseline units/order		6.7441443502

				Cube		4,331,892		5,569,320		5,977,642		6,315,466		6,786,806		7,208,901		7,538,164		7,878,127		8,238,702		8,621,375		9,027,759		9,459,608		*update later

				Cumulative Growth (Units)				16%		24%		30%		39%		47%		53%		60%		67%		74%		82%		91%

						1.00		1.16		1.24		1.30		1.39		1.47		1.53		1.60		1.67		1.74		1.82		1.91

				AVG 
INVENTORY		Baseline (2022)		Year 0 (2026)		Year 1 (2027)		Year 2 (2028)		Year 3 (2029)		Year 4 (2030)		Year 5 (2031)		Year 6 (2032)		Year 7 (2033)		Year 8 (2034)		Year 9 (2035)		Year 10 (2036)

				Units		867,626		970,596		1,019,969		1,063,352		1,121,508		1,171,985		1,213,763		1,257,362		1,303,786		1,353,187		1,405,733		1,461,607

				Lines		12,499		12,499		12,499		12,499		12,499		12,499		12,499		12,499		12,499		12,499		12,499		12,499

				SKUs		11,262		11,262		11,262		11,262		11,262		11,262		11,262		11,262		11,262		11,262		11,262		11,262

				Cube		371,929		460,151		484,876		506,888		535,159		559,986		580,980		602,691		625,564		649,672		675,097		701,927

				Cumulative Growth (Cube)				24%		30%		36%		44%		51%		56%		62%		68%		75%		82%		89%

						^baseline inventory is truly what shipped out of CHI

								^all grown inventory is based on true histrocical turns and the grown , scaled for SHS data

				IB Growth Rate						6.51%		4.99%		6.86%		5.83%		4.25%		4.24%		4.35%		4.45%		4.55%		4.65%				avg		5.07%

				OB Growth Rate						6.51%		4.99%		6.86%		5.83%		4.25%		4.24%		4.35%		4.45%		4.55%		4.65%

				Cube Growth Rate						5.37%		4.54%		5.58%		4.64%		3.75%		3.74%		3.80%		3.85%		3.91%		3.97%				avg		4.32%







What is possible for the future supply chain of AHFA members?

answer: A LOT!



And now for a deeper dive into a select few of the 
future supply chain possibilities for AHFA members

Next 
Generation 

Supply 
Chains

Digital

On-Demand

Always On

Collaborative

Transparent AI / Predictive 
Analytics

Secure & 
Trusted

Effective & 
Efficient

Safe & 
Sustainable

Agile, 
Adaptive, & 
Responsive
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Digital Twins for
Warehouse Innovation



Digital twins incorporate 
five types of models to 
effectively digitize the 
logistics process

CAD and other 
compositional 
models provide 
digital 
representations of 
physical assets and 
their positioning on a 
shop floor

Geometrical 
Design

Physical
Dynamics
Digital 
representation of 
physical processes 
and dynamics like 
conveyance, sorting 
and picking

Programmed
Behavior
Emulations of PLC logic 
and animations of 
physical processes, 
which are used to 
digitally create 
automation processes

Human
Interface
Digital representation 
of the human interface 
to a product including 
maintenance, operations 
and training procedures

Analytical
Insights
Digital characterization 
of the data, 
measurements, sensor 
readings and 
telematics of an asset 
or process

The digital twin
is a superior representation 
of a physical entity or system 
across its lifecycle using 
comprehensive data, 
analytics, simulations 
and emulations 

V I R T U A L  W O R L D P H Y S I C A L  W O R L D

DIGITAL TWIN



Primary Digital Twin Capabilities & Benefits 
Digital Twins offer a wide scope of capabilities, from Concept to EOL, serving to accelerate the 
transition to the autonomous enterprise

Engineering 
Design & 

Optimization 

Accelerate engineering 
through digital 
engineering, validation, 
and optimization 

A client improved AMR 
routing throughput by 
12% through digital twin 
driven operations 
research. 

Operations 
Management

Leverage IoT Data to 
bring real data into the 
digital twin platform 
improving visibility and 
optimization 
opportunities 

Clients achieve 
significant OEE 
Improvements

Intelligent Control 
& Maintenance

Accelerate training 
and deployment of AI 
into operations for 
advanced control and 
predictive 
maintenance.

A client reduced OOT 
events by 45% in their 
curing process

Virtual 
Commissioning

Take controls testing and 
operator training off the 
critical path of the 
commissioning timeline.

A client reduced their 
onsite commissioning 
time by 30% for their 
bottling line.

Concept Analysis

Perform rapid concept 
analysis and optimization 
with data driven 
simulations of a process

A client achieved 10% 
OEE improvement 
and significant cost 
savings on inventory.

Digitally Enabled 
Workforce

Improve workforce 
productivity with Expert 
Remote Assist, and 
digital work 
instructions. 

10 – 35% 
improvement in 
workforce productivity
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THROUGHPUT & UTILIZATION ANALYSIS
Business Process Modeling

• Demonstrate: Visualize the solution with animation 
to communicate ideas and gain consensus

• Insights: Test scenarios and compare results with 
built-in and customizable dashboards to find the 
optimal solution
• Maximize Data: Read in historical data to create a 
Digital Twin of your “as-is” system
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• Machine Prototyping: Easily design and build 
the next generation of machines virtually
• Virtual Commissioning: Design, test, validate, 
& commission machines before they go into 
service
• Operator Training Simulators: Reduce risk by 
training your workforce in a safe, virtual 
environment
•Digital Twins: Understand & make data-driven 
decisions with a physics-based digital twin 
model

RETHINK YOUR PROJECT LIFECYCLE

Demonstrate, Simulate & 
Emulate with Emulate3D™



Lora Green

Advanced Industrial Engineer

GE Appliances, a Haier company

We come together to make 
good things, for life.

We always look for a better 
way.



We build 
2,500 units 

per hour

We deliver an 
appliance every 

4.5 seconds

We recycle 
100 million pounds 
of cardboard, wood, 

and plastic

We procure 
3 billion parts

We ship 
25 million parts 
and accessories

We manage 
21 million calls through 

our call center

Each 
Year…



Tubs are sorted by type at the transfer point.

TUB SORTATION



Selected a simulation option and tested the equipment.

TWISTING CONVEYOR



Manual door storage and retrieval

DOOR STORAGE ZONES



Trucks drop trailers in empty bays & the analysis reports the percent of available 
bays over time.

TRAILER YARD



Black boxes are displayed in a Value Stream Map format.

VALUE STREAM MAPPING



Primary Digital Twin Capabilities & Benefits 
Digital Twins offer a wide scope of capabilities, from Concept to EOL, serving to accelerate the 
transition to the autonomous enterprise

Engineering 
Design & 

Optimization 

Accelerate engineering 
through digital 
engineering, validation, 
and optimization 

A client improved AMR 
routing throughput by 
12% through digital twin 
driven operations 
research. 

Operations 
Management

Leverage IoT Data to 
bring real data into the 
digital twin platform 
improving visibility and 
optimization 
opportunities 

Clients achieve 
significant OEE 
Improvements

Intelligent Control 
& Maintenance

Accelerate training 
and deployment of AI 
into operations for 
advanced control and 
predictive 
maintenance.

A client reduced OOT 
events by 45% in their 
curing process

Virtual 
Commissioning

Take controls testing and 
operator training off the 
critical path of the 
commissioning timeline.

A client reduced their 
onsite commissioning 
time by 30% for their 
bottling line.

Concept Analysis

Perform rapid concept 
analysis and optimization 
with data driven 
simulations of a process

A client achieved 10% 
OEE improvement 
and significant cost 
savings on inventory.

Digitally Enabled 
Workforce

Improve workforce 
productivity with Expert 
Remote Assist, and 
digital work 
instructions. 

10 – 35% 
improvement in 
workforce productivity



Featuring the 
GENI-Flex™ Modular Solution

HOW TO SORT 
HEAVY, IRREGULAR 
SHAPED PRODUCT

June 2023
Bobby Uland
Portfolio Product Manager





An Automated 
Solution can tackle 
these three 
challenges and 
improve your 
bottom line.  





Benefit: 
Increased 

Package 
Throughput

• Up to 1,750 pph with 60-inch average.
• How quickly can you load? Often limited by 

your system load rate.
• Perform sort at dock doors.
Result: Utilize existing facilities to deliver 
greater oversize and irregular package 
throughput rather than breaking new ground.



Benefit: Solves 
Labor Challenges
• Alleviates staffing issues, costs.
• Reduced risk of injuries.
• Improved handler experience.
Result: It’s a cost-effective and safe solution 
that minimizes turnover of personnel.
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Matt Kulp
EVP, Managing Partner

St. Onge Co.

Bobby Uland
Portfolio Product Manager

Fives Intralogistics Corp.

Michael Lennard
Warehouse & Logistics

Industry Consultant
Rockwell Automation

Christian Dow
EVP, Industry Leadership & 

Membership 
MHI

Panel Discussion



Thank you!



Are you interested in getting connected with 
MHI’s Solutions Community?

Please complete this survey to get involved in the Solutions Community.
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