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Executive   Summary  

 

Environmental  concern  in  the  public’s  eye  is  becoming  increasingly  common,  especially            

as  conversations  are  sparked  through  disagreements  between  social  media  and  the  president  with              

regard  to  the  existence  of  environmental  catastrophes  not  limited  to  global  warming.  One              

apparent  solution  to  the  omnipresent  destruction  of  the  environment  is  the  transition  from              

nonrenewable  resources  to  sustainable  resources.  In  the  field  of  transportation,  that  would             

include  shifting  semi-truck  (hereafter  “semi”)  transport  from  semis  that  run  on  fossil  fuels  to               

semis   that   run   on   electricity.  

To  model  this  shift,  we  created  an  economic  model  comparing  and  relating  figures  of               

diesel  and  electric  semis.  Calculating  the  cost-efficiency  of  the  two  types  of  semis,  we  were  able                 

to  determine  a  function  modeling  the  amount  of  diesel  trucks  to  be  replaced  each  year  by  electric                  

semis.  In  turn,  we  calculated  the  demand  curve  for  electric  semic,  also  including  the  growth  of                 

semi  usage  in  the  U.S.  in  the  past  years.  Then,  we  created  a  supply  curve  using  projections  on  the                    

production  of  electric  semis.  In  the  end,  we  obtained  the  amount  of  electric  semis  at  specific                 

times  by  integrating  the  supply-and-demand  curve.  Combining  this  with  our  model  projecting  the              

total  amount  of  semis,  we  were  able  to  calculate  the  percentage  of  electric  semis  in  the  semi                  

market.  

Afterward,  we  found  the  number  of  electric  charging  stations  we  need  along  a  route,  as                

well  as  the  number  of  electric  chargers  we  need  at  each  station  by  determining  how  often  an                  

average  semi-truck  needs  to  recharge  under  ideal  conditions.  A  semi  should  be  recharged  when               

its  battery  reaches  20%,  and  it  should  be  charged  to  80%. [1]  Then,  we  took  into  account  how                  
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more  or  less  energy  will  be  required  depending  on  elevation  changes  (uphill  requires  more  and                

vice  versa).  We  discovered  the  number  of  chargers  needed  by  relating  the  influx  of  semis  on  a                  

particular   route   and   dividing   it   by   the   number   of   stations   with   a   semi’s   charging   time.  

Finally,  with  this  information,  we  created  a  point  system  utilizing  population,  projected             

usage,  route  length,  and  air  pollution.  Using  this  ranking  system,  we  ranked  the  given  trucking                

corridors   according   to   their   priority   of   development.  

 

 

Global   Assumptions  

1. The   latest   available   data   holds   true.  
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Part   I:   Shape   Up   or   Ship   Out  

 

1.1   Restatement   of   Problem  

In   this   problem,   we   are   looking   for   the   percentage   of   semi-trucks   that   will   be   electrically  

powered   in   the   next   5,   10,   and   20   years.  

 

1.2   Local   Assumptions  

1. The   priority   of   any   company   is   to   always   maximize   its   profit.  

2. The  cost  specifications  of  any  electric  semi-truck  produced  by  any  manufacturer  will  be              

similar   to   those   of   Tesla’s.  

3. All  current  operating  semi-trucks  are  diesel-powered,  because  as  of  now  manufacturers            

have   only   sold   electric   semis   for   test   purposes.   

4. Because  they  travel  nearly  the  same  average  total  mileage,  electric  semi-truck  drivers             

travel  the  same  distance  per  year  as  they  would  in  a  diesel  engine.  Thus,  an  electric                 

semi-truck  will  operate  exactly  the  same  as  a  diesel  engine,  except  for  its  differing  initial                

cost   and   operational   cost.  

5. All   trucks   must   be   replaced   after   12   years.  

 

1.3   Variables  

Variables   are   defined   in   the   context   of   our   procedure   below.  

 

1.4   Solutions   and   Results  

By   plotting   the   number   of   semi-trucks   produced   each   year   since   1999   against   time,   we  

can   use   linear   regression   to   find   a   fit   for   the   future   demand   of   semi-trucks   in   total.  
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Demand   for   Semi   Trucks   per   Year   (1999-2019)  

 

Years   since   1999  

(x) 019x 23103f = 2 + 1  
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Table   One:   Production   of   Diesel   Semi   Trucks   per   year  

 

Firstly,  an  electric-powered  semi  will  save  $200,000  in  operational  fuel  costs  over  a  Tesla               

t  lifespan. [1.1]  Next,  a  Tesla  will  save  $0.25  of  operational  cost  per  mile  as  compared  to  a  diesel                   

semi  ($1.26/mile  vs  $1.51/mile). [1.2]  Through  calculations,  we  found  that  a  Tesla  has  an  average               

mile  lifespan  of  800,000  miles,  almost  identical  to  the  750,000-900,000  mile  lifespan  of  a  diesel                

semi.  At  this  point,  we  make  the  assumption  that  electric  semi-trucks  have  the  same  lifespan  as                 

diesel   semis.   

The  average  cost  of  a  Tesla  semi-truck  is  $165,000,  while  that  of  the  diesel-powered               

semis  is  $120,000.  This  means  buying  a  Tesla  costs  you  $45,000  more  the  moment  you  buy  it.                  

However,  because  a  Tesla  semi  saves  $200,000  in  12  years,  it  saves  around  $16,666  a  year  as                  

soon  as  you  buy  and  use  it.  This  means  that  buying  a  Tesla  semi-truck  will  begin  saving  you                   

money   during   the   3 rd    year   ( ). 16, 66  50 000$ 6 * 3 > $   

By  this  logic,  any  diesel  truck  with  more  than  2  estimated  years  of  use  remaining  should                 

be  replaced  by  an  electric  semi.  In  other  words,  although  it  may  sound  counter-intuitive,  newer                

diesel  semis  bought  within  the  last  2  years  should  be  replaced,  while  old  ones  should  be  kept.                  

Furthermore,   any   company   needing   new   semis   should   purchase   an   electric   one.  
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Because  Tesla  expects  to  produce  100  000  semi-trucks  per  year,  4  yrs  from  2019,  we                

expect  it  will  grow  linearly  so  that  it  can  produce  25000x  cars  per  year  in  x  years.  Moreover,                   

because  Tesla  vehicles  account  for  32%  of  all  electric  vehicles,  we  expect  that  the  total  amount                 

of  Tesla  semis  will  also  account  for  32%  of  all  electric  semis.  Thus,  we  can  expect  there  to  be  a                     

supply  of  or  78125x  electric  semis  per  year  in  x  years,  with  x=1  representing  the  current   x0.32
25000                

year.  Of  those,  19.71%,  or  14844x  per  year,  will  go  to  the  United  States.  This  is  because  the  U.S.                    

has  19.71%  of  the  world’s  total  cars;  we  expect  this  ratio  to  remain  the  same  for  semis.  The                   

production  capability  in  a  given  year  is  in  the  third  column  of  the  table  above,  labeled  “EV                  

Supply.”   

Using  the  linear  regression  (y  =  2019n  +  123103)  found  earlier,  we  can  find  the  total                 

demand  of  semi-trucks  in  any  given  year.  This  is  the  second  column  of  the  table  above,  labeled                  

“Semi   Demand.”   

Initially,  because  the  demand  for  semis  is  greater  than  the  demand  of  new  trucks,  all  of                 

the  supplied  electric  semis  are  bought,  while  the  remainder  of  the  demand  is  satisfied  by                

diesel-fueled  semis.  However,  in  11  years,  in  2031,  the  supply  capacity  will  exceed  the  demand                

for  trucks.  Thus,  all  new  trucks  that  are  bought  will  be  electric.  On  top  of  that,  5545  diesel  trucks                    

bought  last  year  will  be  replaced,  in  addition  to  1735  from  2  years  ago.  (Diesel  trucks  bought                  

within   the   last   2   years   is   recorded   in   the   fourth   column,   marked   “<   2   Years   Old.”  
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Supply   of   Electric   Semi-Trucks   and   Demand   of   Semi-Trucks  

 
Demand   for   All   Semi-Trucks  
Supply   of   Electric   Semi-Trucks  

 

Between   year   10   (2030)   and   year   11   (2031),   the   supply   of   electrically   powered   semis   will   exceed  
the   demand   of   all   semis.   
 

After  this  cutoff  point  in  2031,  there  will  be  no  more  diesel-trucks  bought  within  the  last                 

2  years  for  us  to  replace  efficiently.  Thus,  the  production  of  electric  semis  will  be  exactly  the                  

same   as   the   demand   for   all   semis.   

Referring  back  to  Table  1  above,  we  sum  up  all  the  trucks  produced  in  the  last  12  years                   

(2008-2019).  From  this,  we  subtract  the  number  of  trucks  older  than  12  years  each  year,  then  add                  

the  number  of  new  trucks  produced  due  to  lack  of  supply.  After  2031,  the  new  diesel  semis                  

bought  due  to  lack  of  supply  will  also  begin  to  pass  its  lifespan.  Taking  all  of  this  into  account,                    

we   calculate   the   total   number   of   diesel   trucks   in   operation   in   column   10,   labeled   “Total   diesels.”   

Then,  we  sum  up  the  supplied  electric  semis  to  find  the  total  number  of  electric  semis  in  a                   

given  year.  Adding  this  to  “Total  Diesel”  semis  will  give  the  total  number  of  semis.  Finally,                 

dividing  the  total  electric  semis  by  the  total  number  of  semis  in  any  given  year  will  yield  a                   

percentage,  which  we  can  very  closely  fit  on  a  4th  degree  polynomial  function  (shown  below).                
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We  chose  this  the  4th  polynomial  function  because  after  trying  many  different  forms  of               

regression,   the   4th   degree   polynomial   fit   the   curve   best.  

 

Percent   Electrically   Powered   Semi-Trucks  

 

(x) .27 .0414x .792x .0334x .000254xf = 3 − 0 + 0 2 − 0 3 + 0 4  
.999R2 = 0  

 

Our   graph   shows   that   18.847%   of   semis   will   be   electrically   powered   five   years   from  

now,   51.196%   ten   years   from   now,   and   92.682%   twenty   years   from   2020.  
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Part   II:   In   it   for   the   Long   Haul  

 

2.1   Restatement   of   the   Problem  

In   this   problem,   we   are   asked   to   look   for   the   number   of   stations   needed   along   a   given   route   and  

the   number   of   chargers   needed   for   each   station.   We   are   then   asked   to   test   five   separate   routes.  

 

2.2   Local   Assumptions  

1. The   Tesla   semi-truck   can   travel   600   miles   on   a   single   charge.   The   Daimler   electric  

e-Cascadia   can   travel   200   miles   on   a   single   charge.   Hence,   a   semi-truck   can   travel   a  

maximum   distance   of   400   miles   on   a   single   charge. [1.3]  

2. For   better   battery   life,   the   truck’s   battery   should   be   kept   between   20%   and   80%   of   its  

maximum   capacity. [1.3]  

3. The   chargers   all   have   the   fastest   charging   time:   30   minutes   (½   hour). [1.3]  

4. The   stations   we   have   are   dedicated   to   trucks   only.  

 

2.3   Variables  

Variable  Definition  

f  Percent   change   in   charge  

e  Elevation   change   (elevation[final-initial])  

t  Total   distance   to   be   traveled  

d  The   displacement   between   the   two   locations  

r  The   ideal   distance   that   can   be   traveled   using   60%   of   the   battery   (from   80%  
to   20%)  

S  The   number   of   charging   stations   needed  

C  The   number   of   chargers   needed   at   each   charging   station  
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x  The   approximate   average   number   of   semi-trucks   entering   a   specified  
corridor   per   day  

y  The   approximate   average   number   of   semi-trucks   entering   a   charging  
station   per   hour  

 

2.4   Solutions   and   Results  

. 00 80% 0%) 40r = 4 miles
charge * ( − 2 = 2 miles

charge  

To   find   f,   we   need   to   know   that   a   1%   increase   in   grade   results   in   a   5%   increase   in   needed  

charge. [2.3]   

5%
1% = f

d
e

 

f = d
5e  

Finding   S:  

 eil( ) eil( )S = c t
(r)(1+f ) = c t

240(1+ )d
5e  

Finding   y:   

. y = x
24  

Finding   C:  

) eil((total charging time)C = c * x
24  

eil( )C = c 2
1 * y  
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2.5   Testing   the   Results  

Number   of   Trucks  Number   of   Semi-Trucks  Proportion:   Number of  T rucks
Number of  Semi−T rucks  

16   million  1.7   million  47:5   or   9.4:1  

 

Corridor  Distance  
(mi.)  

Displacement  
(mi.)  

Elevation   Change  
(mi.)  

Approximate  
Number   of   Semi  
Truck,   AADTT  

San   Antonio,   TX   
New   Orleans,   LA  

533  508  0.123  10,000  

Minneapolis,   MN  
Chicago,   IL  

421  355  0.044  10,000  

Boston,   MA  
Harrisburg,   PA  

383  335  0.034  10,000  

Jacksonville,   FL  
Washington,   DC  

701  646  0.025  10,000  

Los   Angeles,   CA  
San   Francisco,   CA  

383  347  0.044  10,000  

 

Corridor  Min.   Station   Needed  Charger  

San   Antonio,   TX   
New   Orleans,   LA  

3  22  

Minneapolis,   MN  
Chicago,   IL  

2  22  

Boston,   MA   
Harrisburg,   PA  

2  22  

Jacksonville,   FL   
Washington,   DC  

3  22  

Los   Angeles,   CA  
San   Francisco,   CA  

2  11  
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The   visualization   of   truck   traffic   volume   in   the   United   States,   with   the   5   selected   sample   routes  
circled   in   yellow. [2.2]   

 

 

Displacement   from   San   Antonio   TX,   to   New   Orleans,   LA. [2.1]  
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Displacement   from   Minneapolis,   MN   to   Chicago,   IL. [2.1]  
 

 

Displacement   from   Boston,   MA   to   Harrisburg,   PA. [2.1]   
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Displacement   from   Jacksonville,   FL   to   Washington   D.C. [2.1]   
 
 

 
Displacement   from   Sanfrancisco,   CA   to   Los   Angeles,   CA. [2.1]   
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Part   III:   I   Like   to   Move   it,   Move   it  

 

3.1   Restatement   of   Problem  

We   are   asked   to   determine   which   corridor   should   be   developed   first   for   electric   semi-trucks.  

 

3.2   Local   Assumptions  

1. The   model   obtained   in   Part   II   is   accurate.  

2. People   want   more   jobs.  

3. Developing   routes   will   foster   jobs.  

4. The  human-resource  cost  will  be  insignificant  compared  to  the  cost  of  land  and              

Megachargers.   

5. The   cost   of   land   around   hauling   routes   is   equal   throughout   the   U.S..  

 

3.3   Variables  

Variable  Definition  

T  Total   points  

u  Usage   index  

r  Route   length   index  

d  Population   index  

p  Pollution   index  

n  Average   Daily   Route   Capacity   (#   of   trucks)  

l  Route   length   (miles)  
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3.4   Solutions   and   Results  

 uT =  + r + d + p  

The  total  points  are  the  sum  of  all  the  individual  indexes;  the  larger  this  score,  the  higher  the                   

priority.  

 

u  t  

50  8500 t ≥  

40  6375 5008 > t ≥  

30  4250 3756 > t ≥  

20  2125 2504 > t ≥  

10  2125 t <  

 

The  more  route  capacity,  the  higher  the  priority.  Routes  are  considered  “major”  when  they  have  a                 

daily  capacity  of  8,500 [3.1]  trucks,  so  we  partition  these  50  points  into  five  equals  levels  of  route                  

capacity.  

 

d  α  

20  100000 α ≥  

16  50000 000001 > α ≥  

12  10000 00005 > α ≥  

8  5000 00001 > α ≥  

4  1000 0005 > α ≥  

0  0 0001 > α ≥  
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The  more  population,  the  higher  the  priority,  as  the  development  of  electric  infrastructures  will               

provide  jobs  and  enable  these  areas  to  access  electric  semis.  We  partition  these  20  points  into  six                  

levels   to   account   for   this   difference. [3.5]  

 

r  Route   Length   (l)  

10  800 0 < t ≤  

8  1600 008 < t ≤  

6  2400 6001 < t ≤  

4  3200 4002 < t ≤  

2  3200 t >  

 
Because  longer  routes  take  more  resources  and  time  to  fully  develop,  it  is  less  desirable  than                 

short  routes.  Therefore,  we  partition  3200  miles,  the  approximate  average  length  of  the  seven               

longest  routes  in  the  U.S.,  into  five  equal  parts,  and  assign  them  to  index  levels  of  two  points                   

each.  

 
 

p  Average   Color   of   Air   Quality   Index   Along  
Route  

20  Maroon,   Purple  

16  Red  

12  Orange  

8  Yellow  

4  Green  
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The  worse  the  air,  the  higher  the  priority  to  switch  to  electric  semis,  as  they  cut  down  carbon                   

emissions.  We  assign  the  six  levels  of  Air  Quality  Index  to  five  levels  of  scoring  for  the  pollution                   

index,   with   higher   A.Q.I.   inducing   a   higher   pollution   index. [3.3]  

 
 

Route  u  r  d  p  T  

1. San   Antonio,   TX   -   New   Orleans,   LA  50  10  16  4  80  

2. Minneapolis,   MN   -   Chicago,   IL  50  10  16  8  84  

3. Boston,   MA   -   Harrisburg,   PA  50  10  20  12  92  

4. Jacksonville,   FL   -   Washington,   DC  50  10  12  12  84  

5. Los   Angeles,   CA   -   San   Francisco,   CA  50  10  20  8  88  

 
According   to   our   model,   the   priorities   of   the   routes   are   in   the   following   order:   . 3 > 5 > 2 = 4 > 1  
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Conclusion  

Having  discovered  trends  and  having  made  predictions  about  the  future,  we  had  an              

opportunity  to  synthesize  information  into  simple  graphs  and  equations.  With  our  exploration  of              

electric  semi-trucks  coming  to  an  end,  we  see  hope  in  the  future  of  environmentally-friendly               

transportation.  We  sincerely  wish  that  in  the  upcoming  years,  our  predictions  ring  true  and  the                

market  realizes  the  significance  of  switching  over  to  electric  semis.  Perhaps  for  future              

generations,  the  only  way  one  can  see  diesel-operated  semi-trucks  is  by  reading  about  the  history                

of   air-degrading   transportation.  
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