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ABSTRACT

This thesis is based  on a  project done for th e  City of D enver an d  the  

D enver Police D epartm ent. The City of Denver w as looking for w ays to 

reduce the cost of refueling its  police fleet of approxim ately 850 vehicles.

An economic and  sta tis tica l analysis com pared com m ercial vendor fueling 

v ersu s the cu rren t city fueling system  of buying fuel and  storing  it in  city 

owned u nderg round  fuel storage tan k s.

A lgorithm s were developed th a t  m odel th e  cu rren t city owned system  

of refueling and  the com m ercial vendor fueling system  for the  D enver Police 

D epartm ent. T hese evaluations w ere conducted  for b o th  fueling 

a lternatives u sin g  h isto rical d a ta  from 1989 to 1992 an d  a five y ear forecast 

of the  period J a n u a ry  1993 to D ecem ber 1997.

The com m ercial vendor fueling system  offers th e  b e s t economic 

advantage w hen com pared to the  city owned fueling system . Some of th e  

advan tages are the  officers rem ain  in  the ir d istric ts, response tim e to 

em ergencies is faster, and  it's  cheaper. The five y ear forecast from J a n u a ry  

1993 to D ecem ber 1997 show s a  cap ita l savings of

$1 ,123 ,477 .40  reflected in  J a n u a ry  1993 dollars. For a  fueling alternative 

analysis applicable to o ther city agencies th is  m ethod u sed  for the  D enver 

Police D epartm en t can  also be applied to those city agencies.
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Chapter 1 

Introduction

1.1 Background Inform ation

The City of D enver w as charged by Mayor W ellington W ebb's 

U nderground Storage T ank  T ask  Force on 09 M arch 1992, chaired by 

T heresa  D onahue, D eputy  Chief of Staff, to evaluate the  u se  of a  

com m ercial vendor fueling system  for city owned vehicles. This issu e  

w as to be explored and  stud ied  in  order to m ake an  objective cost-benefit 

analysis of the  city owned refueling versus com m ercial vendor fueling.

Denver, like m any  o ther cities across the  U nited S tates, is 

experiencing budgetary  problem s and  increasing  responsibilities to the 

environm ent. R ecent E nvironm ental Protection Agency (EPA) regulations 

directly im pact D enver’s underg ro u n d  fuel storage ta n k  (UST) system . 

W ith these  increasing  requ irem ents, it is m ore expensive to own and  

m ain ta in  underg round  storage tan k s. The changing regulatory  

environm ent accen tu a tes  a  n u m b er of issues, including  the  following:

• increasingly  expensive city owned fuel operations

• liability for leaking UST's (Denver is self-insured)

• increased  budgetary  requ irem ents for EPA com pliance

• h igher m ain tenance  and  operating costs for UST's

• h igher costs of fuel to offset new  UST expenses
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These issu es have increased  the  b u rd en  of controlling the  city owned fuel 

supply. W ith lim ited options, th is  s tu d y  exam ines several fueling 

alternatives.

W ith the  help of Dr. Robert E. D. Woolsey, I w as in troduced  to Dr. 

S tephen  F. Browne, D eputy  M anager, D epartm ent of Safety, Mrs. 

M argaret V. Browne (no rela tion  to Dr. Browne), D eputy B udget Director, 

F inance Office and  Chief D ouglas A. W hite, Division Chief, S taff Services 

Division, Denver Police D epartm ent. These city officials of D enver 

w anted  an  unb iased  and  independen t analysis of city owned fueling 

v e rsu s  com m ercial vendor owned fueling. Additionally, th e  city h a s  m ade 

a  trem endous investm ent in  a  Hewlett Packard  3000 com puter system  

and  the  softw are package M ultiforce m anufactu red  by M ultiforce 

System s Corp. This system  is u sed  by the  city to m anage its fleet of 

approxim ately 2 ,700  vehicles. This evaluation would have to exam ine 

th is  system  since it is the  m echan ism  for m ain tenance  and  

accountab ility  of p a rts  an d  fuel for the  cities fleet.

The com m ercial vendor fueling m ethod proposed by the  

D epartm en t of Safety w as considered for several reasons. Since Denver 

is self-insured , it is in  th e  city 's b es t in te re s t to reduce its  liability in  the  

event an  u nderg round  fuel storage ta n k  should leak. The national 

average show s the  conservative expected cost of a  leaking ta n k  is 

approxim ately  $  1 8 3 ,7 5 0 .0 0 p er ta n k  inc iden t (1). A dditionally u n d e r

A Costs are reflected in January 1993 dollars. See equation 4.9 for the formulation.
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the  cu rren t system , som e police officers drive fu rth e r th a n  n ecessary  to 

get fuel w hich som etim es cau ses  them  to leave the ir d istric ts. This h a s  

resu lted  in an  increased  response tim e to "911" em ergencies and  o ther 

calls for police assistance .

This alternative fueling proposal involved estab lish ing  a fleet 

fueling co n trac t w ith a  large com m ercial vendor. In th is case stu d y  Total 

Petroleum 's V ickers s ta tio n s are u sed  because  of the ir h igh sta tion  

density  (16 stations) in D enver and  th e ir existing fleet m anagem ent credit 

card  system . However, should  D enver decide to adop t a  com m ercial 

vendor system , the  City of D enver w ould be required to call for bids.

1.2 O bjectives o f  th e  Study

To do an  econom ic evaluation of the  cu rren t city owned fueling 

system  versu s the  com m ercial vendor fueling system  th e  following 

objectives were used:

1. E valuate com m ercial vendor fueling as an  alternative 

to the  city owned u n derg round  storage ta n k  fueling system  

over the  nex t five years;

2. D eterm ine the  costs an d  benefits associated  w ith  u sing  

a  com m ercial vendor for fuel v e rsu s  the  cu rren t city system ;

3. D eterm ine w hether the  alternative fuel d ispensing  system  is 

viable for one or m ore city agencies; and

4. D eterm ine a  p lan  to enhance  the  u se  of the  M ultiforce Fleet 

M anagem ent System .
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1.3 Goal o f th e  Study

The goal of th is  project is to create a  m athem atical and economic 

algorithm  th a t will evaluate a  com m ercial vendor fueling system  as an  

alternative to the  city owned underg round  fuel storage ta n k  system .

W ith th is  algorithm  it can  be determ ined w hich alternative is more 

econom ically attractive for Denver. The Denver Police D epartm ent's  fleet 

of gasoline powered vehicles will be evaluated in th is  study . The city will 

be able to take th is  m ethod and  apply it to o ther agencies to determ ine 

econom ic feasibility for th e ir un iq u e  vehicle situation .

This evaluation of th e  City of Denver addresses, in  no specific 

order, the  following:

1. Im pact on fleet m ain tenance  system

2. Cost com parison of com m ercial vs. public system

3. Cost avoidance

4. EPA ta n k  s tan d a rd  conform ance

5. M ultiforce com puter in terface and  d a ta  tran sfe r 

w ith the  com m ercial vendors com puter

6. C apital expend itu res

7. Fuel prices

8. Security  and  accountab ility  of fuel and  records

9. Probability of city owned ta n k s  leaking

10. Mileage savings

11. V alue of controlling own fuel supply  (city UST's)
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12. Time savings

13. B udget co n s tra in ts

14. Increased liability in  owning UST's

1.4  Purpose o f T h esis

The purpose, therefore, is to devise an  economic and  sta tistica l 

algorithm  th a t  com pares resources and  cost to show  the  m ost 

econom ical fueling m ethod for the  City of Denver.
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Chapter 2 

D evelopm ent o f th e  A lgorithm

In developing an  algorithm  to solve the  problem  of th is  thesis, I 

com bined B anks and  C arson 's steps of a  sim ulation  s tu d y  ( 14) and  

W inston 's sim ulation  process (15). Listed are the  steps I followed in  th is

project:

1 . Problem  Form ulation

2. Field Work

3. Model B uilding and  D ata  Collection

4. Im plem entation

These steps allowed for a  m ethodical and  system atic m ethod to

determ ine th e  problem  and  p u t it in  a  quantifiable form.

2 .1  Problem  Form ulation

C urren tly  the  city of D enver p u rch ases  un leaded  fuel daily in  lots 

of eight th o u san d  gallons. The lot am o u n t is a  co n s tra in t of the  fuel 

ta n k e r  capacity. This fuel is retrieved from a com m ercial vendor and  is 

delivered by D epartm en t of Public W orks personnel daily to city owned 

underg ro u n d  fuel storage tan k s . Overall, the  city p u rch ases  

approxim ately 3 million gallons of fuel p er year (5).

Bids for the  different types of fuel u sed  by D enver are tak en  by the  

D epartm en t of Public W orks F inance and  A dm inistra tion  Section first 

th ing  each b u s in e ss  day. The w inning b ids are th e n  called over to the
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D epartm ent of Public W orks Fleet M aintenance Section th a t  m orning for 

fuel p ickup and  d istribu tion  to city owned tanks. The w inning bid is the 

lowest cost per gallon of fuel provided by a  com m ercial vendor. C urrently  

the  city does no t u se  any  form of the  economic order quan tity  m odel for 

fuel p u rch ases  (17). Fuel is ordered on an  as needed b as is  for any of the 

approxim ately two h u n d red  fuel ta n k s  (UST's). C harges to the  Police 

D epartm en t and  o ther agencies are calculated  on an  average cost of fuel 

p lus an  additional $0 .09  p er gallon for delivery charges. In the  case of 

the  police, they  are th en  billed for fuel in  th ree  sep ara te  s ta tem en ts  

w hich are se n t to the D epartm en t of Safety F inance Office. The bills 

rep resen t the  u se  of fuel by the  M ayor's office, Office of th e  D istrict 

A ttorney, and  th e  Police D epartm en t including the  S heriffs  vehicles. On 

a  m onthly  average the  police consum e 97% of the  fuel.

At ou r first m eeting, w hich included myself, Dr. Woolsey, Dr. 

Browne, Mrs. Browne, and  Chief W hite, the fueling project proposal w as 

d iscussed . The D epartm en t of Safety w as in terested  in  p u rsu in g  the  

prospect of u sing  a  com m ercial vendor for fuel p u rch ases. Basically, 

they  were considering u sin g  Total Petroleum 's Fleet C redit C ard System  

to p u rch ase  fuel for the  entire police fleet (19). They p resen ted  a two 

page docum ent th a t  had  been  generated  for an  u n b iased  fueling stu d y  

(20). Their docum ent failed to ad d ress several factors su c h  as holding 

costs for city owned fuel, adm inistra tive costs, different UST costs, an d  a  

m ethod to evaluate the  tim e an  officer saves by the  added flexibility of a  

com m ercial vendor fueling system . The City of D enver needed a decision
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techn ique th a t  incorporated  the  above factors to provide a quantifiable 

conclusion.

2 .2  Field  Work

I becam e intim ately  fam iliar w ith  the  operations of th e  Denver 

Police D epartm en t and  those agencies related to fuel and  police 

autom obiles. I sp en t tim e a t the  Police M aintenance Facility, B udget and  

F inance Office, S taff Services Division, Safety Office of Policy Analysis, 

Total Petroleum 's Denver office, D epartm en t of Public W orks fuel poin ts, 

and  V ickers gas sta tions. This allowed me to appreciate w h at w as 

happen ing  w ith  bo th  fueling a lternatives and  to en su re  th a t  I h ad  

collected the  tru e  d a ta  needed for th is  evaluation. To en su re  I h ad  the  

correct perspective of the  law  enforcem ent m ission, I partic ipated  in  th e  

D enver Police D epartm ents Ride-Along program  in  Patrol D istric t Two.

The Denver Police D epartm en t is charged to serve and  pro tec t the  

people, p ro tec t property, enforce th e  laws and  ord inances of the  city and  

sta te , app rehend  violators, a rre s t and  bring  crim inals to trial and  

m ain ta in  a t all tim es the  peace an d  dignity of the  com m unity.

Com prising the  Police D epartm en t are  the Patrol Division, Investigation 

Division, Traffic Division, Staff Services Division, and  C om m unity  Service 

Division. The Patrol Division is the  g reatest consum er of resources.

The City of D enver is divided into five police patro l d istric ts, each 

com m anded by a C aptain . T hese d istric ts  are subdivided into sectors 

th a t  are supervised  by  a  S ergean t and  each sector is fu rth e r subdivided
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into p recincts patrolled by officers. In 1992 the  Police D epartm ent 

in stitu ted  the  flexible car p lan  in the  Patrol Division. The flexible car 

p lan  is designed to utilize officers and  vehicles m ore efficiently, m eaning 

lower cost, and  reduced officer levels. Precinct size and  p recinct 

n u m b ers  are ad ju sted  based  on the  tim e of day and  h istorical record of 

calls for service. This is a  step  forward taken  by the  Police D epartm en t to 

help reduce costs, b u t  still provide adequate  law enforcem ent service to 

Denver.

Overall, the  D enver Police D epartm en t h a s  a n  average inventory of 

850 vehicles. Vehicle density  varies, based  on the  tim e of the  year and  

the  n u m b er of vehicles pu rch ased , sold, destroyed or confiscated by the  

Police. They all u se  un leaded  gasoline, except for the  bom b disposal 

tru ck  w hich u ses  diesel fuel and  travels less th a n  500 miles per year.

The vehicles are  issued  as show n below:

Using D epartm en t N um ber of V ehicles6 

M ayor's Office 5

Chief of Police 31

Patrol Division 304

Investigation Division 194

Traffic Division 122

Staff Services Division 65

C om m unity Service Division 43

B Vehicles in the inventory of the Department of Safety on 24 June 1992. The average 
is 850 vehicles for the years of '91 and '92.
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D istrict A ttorney 39

Sheriffs D epartm en t 55

858

2 .3  M odel Building and Data C ollection

In order to develop a  m odel th a t  w as usefu l to the  Police 

D epartm en t and  the  City of Denver, I had  to u n d e rs ta n d  w hat the  police 

do as law  enforcem ent officers and  also the cities system  of acquiring  and  

d istribu ting  fuel. By studying  th e  above, I w as able to identify any  

problem s in  the ir system  and  ex tract the  prim ary  conditions of the 

problem . I realized the  m odel m u s t m eet certa in  requ irem en ts to en su re  

confidence in the  system .

First, I needed to develop a  m odel th a t w as easy  to u se  an d  one 

th a t  the  City of D enver could con tinue to u se  after th is  s tu d y  w as 

com pleted. I decided to u se  th e  softw are package Excel 3 .0  for W indows, 

because  the city of Denver is a  licensed u se r of th is  package. This 

softw are package, w ith m y algorithm , allows the  u se r  to select and  

modify basic  a ssu m p tio n s (sensitivity analysis) u n til a  useful 

approxim ation resu lts .

Second, the  o u tp u t m u s t be believable in order for the  police to 

have confidence in the  system . To en su re  confidence in  the  model, I 

partic ipated  in m any  areas  of the  law  enforcem ent m ission  an d  sough t 

ou t th e  advice of those w ho w ould actually  be affected by the  m odel and  

its  conclusion.
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D ata collection and  m odel build ing  took place from May to 

S eptem ber 1992. Time w as sp en t research ing  financial and  

adm inistra tive records of th e  City of Denver. D ata collected during  the 

s tu d y  includes tim e sp en t refueling, d istances traveled, resources 

expended, and  requ irem ents of police autom obiles.

2 .4  V erification  and V alidation

Once the  d a ta  w as collected and  the m odel constructed , I 

approached  the  Police D epartm en t w ith  the  m ethod flow -chart for the ir 

review. To verify the  model, I conducted  a check w ith historical 

inform ation to en su re  it generated  factual inform ation. T his w as done a t 

th e  D epartm en t of Safety F inance Office by com paring calcu lated  

n u m b ers  w ith the  records of paym ents to th e  D epartm en t of Public 

W orks for fuel, repairs, new  construction , and  M ultiforce C om puter use . 

The model w as validated w hen  the  outcom e m irrored the  reality. This 

en su red  th a t  I had  grasped  the  essence of the  system  and  th a t  the  

essen tia l variables and  problem  were addressed .

2 .5  Im plem en tation

The D epartm en t of Safety is cu rren tly  in the  process of 

im plem enting the  recom m endations of th is thesis.
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Chapter 3 

The Algorithm

The m odel for the  city of D enver D epartm ent of Safety will be 

refered to as Fueling S trategies. The m odel h as  two p arts , one for public 

fueling and  the  o ther for com m ercial vendor fueling. E ach  p a r t takes the 

chosen  variables and  genera tes the  estim ated  cash  flow values and  

converts them  into Net P resen t V alue (NPV). Net p resen t value is the  

cum ulative p resen t w orth  of positive and  negative investm ent ca sh  flow 

u sin g  a  specified d iscoun t ra te  to hand le  the  tim e value of m oney (16). 

The tim e value of m oney is significant since two strateg ies are being 

considered. The Fueling S trategies model calcu lates the  project's n e t 

p resen t value, given the  m any  variables considered, w ith considerations 

for ra te  of inflation and  ra te  of re tu rn  (ROR) of investm ents. D iscounted 

cash  flow analysis p u ts  all investm ents on a  com m on evaluation b asis  for 

h and ling  the  tim e value of m oney w ith com pound in te rest ra te  of re tu rn . 

This enables the  u se r  to fairly and  properly accoun t for the  m agnitude 

and  tim ing of th ese  dollar value considerations regardless of the  type of 

investm ent (16). The te rm  "discount' is synonym ous w ith "present worth" 

in economic evaluations and  "cashjlow" is u sed  to refer to the  n e t inflow 

or outflow of m oney th a t  occurs du ring  a specified period of tim e. The 

desired ra te  of re tu rn  on investm ents com es from the G eneral Investm ent 

Pool, m anaged by  the  D irector of F inancial M anagem ent, T reasu ry  

Division, City of D enver (4).
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3.1  M odel Focus

The prim ary  m ission of the  Denver Police D epartm en t is law 

enforcem ent. Given the  cu rren t budget and  personnel constra in ts, 

efforts are being m ade to reduce dollars sp en t while m axim izing the  law 

enforcem ent officers effectiveness. The choice of fueling alternatives will 

m ost likely come down to the  least expensive alternative, b u t careful 

consideration  m u s t be m ade to en su re  th a t the officers' perform ance isn 't 

h indered. The officers m u s t enforce laws, p ro tect citizens an d  property, 

see and  be seen  in the  com m unity, and  respond to "911" and  o ther 

em ergencies rapidly. S tatistical analysis m u st allow for in te rp re ta tion  of 

resu lts; therefore, the  m odel's conclusion m u s t be b ased  on com m on 

sense, s tree t experience, and  s ta tis tica l analysis of verifiable data.

3 .2  E valuation Criteria

E valuation  criteria u sed  in  th is  m odel are based  on the  desires and  

concerns of the  D epartm en t of Safety, D epartm ent of Public W orks, 

F inance Office, and  the M ayor's U nderground Storage T ank  T ask  Force. 

The evaluation is a  cost com parison  of the cu rren t city owned fuel 

com pared to com m ercial vendor fueling for the  D enver Police 

D epartm ent.

ARTHUR LAKES LIBRARY 
COLORADO SCHOOL OF M I N E S  
GOLDEN, CO 8 0 4 0 1
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3 .3  Issues o f C ity Owned vs. C om m ercial Vendor Fueling

In creating an  econom ic analysis certain  issu es  are addressed . The 

listed issu es  are those of the  D epartm en t of Safety, D epartm ent of Public 

W orks, and the  F inance and  B udget Office. The lists are p resen ted  in  no 

specific order.

Shared  Issues:

1. Im pact on cu rren t fleet m ain tenance  system .

2. A ccuracy of inform ation from vendors.

3. Cost of u sing  cu rren t fueling system  for nex t five years.

4. Cost of u sin g  com m ercial vendor fueling system  for the  nex t 

five years.

5. Security  an d  accountab ility  of fuel.

6. Probability of UST's owned by D enver begin leaking.

7. Cost avoidance w ith com m ercial vendor.

8. A utom ated d a ta  interface of Multiforce an d  Vendor.

9. V alue of controlling city owned fuel supply.

D epartm en t of Safety Issues:

1. Fair price for fuel.

2. Access to custom ized reports from Multiforce.

3. No responsibility  for UST's.

4. Control of Police fleet inform ation.
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5. A lternative system  m u s t no t h inder officer or decrease patro l 

tim e.

B udget and  F inance Issues:

1. R etain inform ation vital to fleet inventory and  m ain tenance .

2. D eterm ine cheaper alternatives.

D epartm en t of Public W orks Issues:

1, R etain M ultiforce com puter system .

2. R etain effective preventive m ain tenance program .0

3 .4  A ssum ptions and C onstraints

In construc ting  th is  m odel certa in  assu m p tio n s h ad  to be m ade. 

T hese assu m p tio n s were developed th rough  d iscussions w ith the  

agencies concerned.

1. Average fuel consum ption  is 950 ,000  gallons of un leaded  

gasoline p er year (6).

2. D enver is tax  exem pt for fuel p u rch ases.

3. Police policy is th a t  vehicles m u st refuel a t  Vi ta n k  (3).

4. The Com m ercial V endor system  m u s t be able to 

electronically dow n-load the  following inform ation to

°  This is not an issue for the Department of Public Works since the Police Department 
manages and operates its own fleet maintenance facility and program.
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M ultiforce on a daily b asis  to en su re  continu ity  of the  vehicle 

da tabase .

(a) Vehicle adm inistra tive num ber

(b) Drivers personal identification n u m b er (PIN)

(c) C u rren t odom eter reading.

(d) A m ount an d  cost of fuel.

5. The h istorical exam ple is an  an n u a l average of d a ta  collected 

from the City of Denver.

6. The five year forecast all resources are held a t a  co n s tan t 

ra te  of use.

3 .5  Current S ystem  for R efueling

The cu rren t system  for refueling is m anaged by the  D epartm en t of

Public W orks. The officers refuel a t seven locations 99% of the  time.

Listed are th e  ad d resses of th ese  Public W orks refueling sites:

A ddress

1. 5440 Roslyn S treet

2. 1390 D ecatu r S treet

3. 7301 E ast Jew ell Avenue

4. 3555 Colorado Boulevard

5. 1625 S ou th  U niversity Boulevard

6. 1201 S ou th  Lincoln S tree t

7. 2013 S ou th  Osage S treet
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To refuel, the  officer drives u p  to the pum p and  records the  cu rren t 

odom eter reading and  vehicle adm inistrative num ber. A credit card  is 

inserted  into the  Multiforce term inal and  the  officer is prom pted for the 

following inform ation: vehicle adm inistrative num ber, personal 

identification num ber, cu rren t odom eter reading, and  pum p num ber.

The Multiforce softw are program  th en  authorizes the  tran sac tio n  and  the  

officer m ay pum p the needed fuel.

Currently , several problem s are experienced by the  officers. If the  

vehicle is refueled frequently  for sm all am o u n ts  of fuel, the  software 

program  reduces the  am o u n t of fuel th a t  vehicle can  get. Additionally, 

an  officer who in p u ts  an  incorrect odom eter read ing  is locked ou t of the  

refueling process. The officer m u s t th en  call the  D epartm ent of Public 

W orks for re-au thoriza tion  to get fuel. The tim es I w itnessed  th is, it took 

approxim ately th irty  m inu tes and  th ree  people to resolve the  problem . 

The D epartm ent of Public W orks refuses to allow the  Police access to the  

M ultiforce com puter program  to correct these  m istakes.

3 .6  T otal Petroleum 's S y stem  for R efueling at V ickers Gas S tation s

Total Petroleum  u ses  a  system  they  refer to as th e  Fleet Fueling 

program . Listed are the  ad d resses  of the  V ickers s ta tio n s  (all 24 h o u r 

operations) w ithin  the  city lim its of Denver:

A ddress

1. 1001 S ou th  B roadw ay Boulevard
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2. 1401 Sou th  Federal Boulevard

3. 1696 South  Broadw ay Boulevard

4. 2210 South  Colorado and  Evans

5. 2485 South  U niversity Boulevard

6. 300 S outh  Downing S treet

7. 330 S ou th  K alam ath  S treet

8. 3490 North Colorado Boulevard

9. 3810 Federal Boulevard

10. 3860 Peoria Boulevard

11. 495 S outh  Colorado Boulevard

12. 5301 E as t Yale and  1-25

13. 5455 E ast Colfax and  H udson

14. 7045 E as t H am pden

15. 7607 E as t Iliff

16. 990 S ou th  Monaco

Total Petroleum 's system  is alm ost identical to th e  system  the 

D epartm en t of Public W orks u se s  in  Denver. The officer drives u p  to the  

pum p, p u m p s the  fuel, goes to th e  cash ier who in se rts  the  credit card  

in to  th e  cash  register while the  officer in p u ts  a  personal identification 

num ber, odom eter reading, an d  th e n  signs a  credit receip t for fuel 

provided by th e  a tten d an t. This procedure provides the  checks and  

b alances necessary  to verify the  com m ercial vendors accuracy  of fuel 

consum ed  and  cost.
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The Total software program  compiles the  entries of the day and  

p laces it into a  file th a t  the  City of Denver accesses. At a  predeterm ined 

tim e the Multiforce com puter, utilizing a  software program  provided by 

Total Petroleum , accesses the  Total Petroleum 's com puter by m odem  and  

dow nloads the  daily d a ta  in approxim ately th ree  m inu tes. This 

convenience allows the  Multiforce com puter to be up d ated  daily th u s  

en su rin g  all records are m ain ta ined  in the exact sam e m an n er as  the  

cu rren t system .

The Fleet Fueling card  system  con tract is som ething th a t  m u s t be 

negotiated by the  City of Denver and  se t in a contract. Potential 

problem s w ith the  com m ercial vendor su ch  as unau thorized  p u rch ase  of 

non-fuel p ro d u cts  can  be avoided th ro u g h  the  tho roughness of the 

negotiated co n trac t and  in stru c tio n s to the  officers.

3 .7  S teps o f th e  A lgorithm

Listed are the  s tep s  to guide th e  u se r  of the  Fueling S trategies 

program  th ro u g h  th e  m ethod.

S tep 1 : D eterm ine V ariables for the  Model

F igures 3.1 and  3.2 show  representative Fueling S trategies 

sp readshee ts . The u se r  in p u ts  the  values indicated into the shaded  area  

on the  sp readshee t. In p u t variables follow:
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Econom ic A nalysis o f City Owned Fuelinjff: January 1993  to  D ecem ber 1997

Month
1

January '93
2

February '93
Fuel Expenses
Gallons Consumed 79,167 79,167
Cost per Gallon $0.8000 $0.8000
Net Fuel Expense $63,333.33 $63,333.33
Miscellaneous Expenses
Multiforce Computer $3,333.33 $3,333.33
Upgrade of Multiforce/Fuel System $8,333.33 $8,333.33
UST-Maintenance $377.26 $377.26
UST-Probability Cost of Leaking $3,445.31 $3,445.31
UST-Upgrades $9,000.00 $9,000.00
Holding Cost of Fuel $92.36 $92.36
Net Miscellaneous Expenses
Cash Flow $87,914.93 $87,914.93
Discounted Cash Flow $87,914.93 $87,660.00

i p O W flO ftf lf lW O W W fl& W W W C W flf l flC O O O W O O W O O e O W flC O f lO O C tf f lW W C W O W O O W O Q W C W W O flf i flflQflflflflBBflBfll

I ! Net Present Value
$175,574.93

Input Variables Units Input Values
Fuel Usage gallons/year 950,000
Cost per Gallon $ /gallon $0.8000
Multiforce Computer Cost $/year $40,000.00
ROR General Investment Pool APR 0.0700
Inflation Rate APR 0.0350
Upgrade of Multiforce/Fuel System $/year $100,000.00
UST-Maintenance $/tank $167.67
UST-Upgrades $/year $12,000.00
UST-Probability of Leaking percentage 0.0250
UST Expected Cost of Leaking Tank $/tank $61,250.00
Number of City Owned UST's integer 27

Input Variables for City Owned Fueling

Figure 3-1
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Economic Analysis of Commercial Vendor Fueling: January 1993 to December 1997

Month
1

January '93
2

February '93
Fuel Expenses
Gallons Consumed 
Cost per Gallon 
Net Fuel Expense 
Miscellaneous Expenses
Multiforce Computer 
Download from Total Petroleum 
Totals Software for Download

79,167
$0.8000

$63,333.33

$3,333.33
$50.00

$4,000.00

79.167
$0.8000

$63,333.33

$3,333.33
$50.00

Cash Flow
Cash Flow
Discounted Cash Flow

$70,716.67
$70,716.67

$66,716.67
$66,523.20

; fgBBgBMBBWgMWBWMWWMBBWWWWWBaPWWWWMWWWWWBg

! ! Net Present Value
$137,239.87

Input Variables Units Input Values
Fuel Usage 
Cost per Gallon 
Multiforce Computer Cost 
ROR General Investment Pool 
Inflation Rate
Download from Total Petroleum 
Totals Software for Download

gallons/year
$/gallon
$/year
APR
APR
$/year
$

; 950,000 
$0,8000 

$40,000.00 
0.0700 
0.0350 

$600.00 
$4,000.00

Input Variables for Commercial Vendor Fueling

Figure 3-2
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City Owned Fueling

Inpu t V ariable U nits

1. Fuel Usage gallons per year

2. Cost per Gallon $ /ga llon

3. Multiforce C om puter Cost $ /y e a r

4. Personnel Cost $ per m a n /y e a r

5. ROR G eneral Investm ent Pool A nnual % R ate (APR)

6. Inflation R ateD APR

7. U ST-M aintenance $ /y e a r

8. UST-Probability of Leaking percentage

9. UST-Expected Cost of Leaker $ / incident

10. N um ber o fU S T s integer

11. UST-Upgrade Program $ / ta n k

12. U pgrade of M ultiforce C om puter $ /y e a r

Total Petroleum  Fleet Fueling

Inpu t V ariable U nits

1. Fuel Usage g a llo n s/y ear

2. Cost per Gallon $ /g a llo n

3. M ultiforce C om puter C ost $ /y e a r

D Inflation is not calculated for the period of 1989 to 1992 as the dollars are already 
escalated in the city owned example.
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4. O perating Cost per Vehicle $ /m ile

5. Personnel Cost $ per m a n /y e a r

6. ROR G eneral Investm ent Pool A nnual % Rate (APR)

7. Inflation R ateE APR

8. U pgrade of M ultiforce C om puter $ /y e a r

9. Download from Total Petroleum $ /y e a r

10. Total's Software for Download $

Step 2: In p u t V ariables Into S preadsheet Model

The u se r  in p u ts  the  variables into the  sp read sh ee t as  indicated 

above and  as illu stra ted  in F igures 3.1 and  3.2. The sp read sh ee t th en  

m ake the  necessary  calcu lations to determ ine the  Net P resen t V alue for 

th e  alternatives. These calcu lations are dependen t on the  in p u t 

variables. If a  variable is no t needed th e  person  m u s t assign  a zero value 

to th a t  p a rticu la r variable.

Step 3: E x trac t the  Net P resen t V alues from th e  S p readsheets

The u se r  tak es th e  n e t p re sen t values from b o th  sp read sh ee ts  and  

com pares them . The lower NPV indicates the  less expensive alternative.

E Inflation is not calculated for the period of 1989 to 1992 as the dollars are already 
escalated in the commercial vendor example.



T-4299 24

3 .8  Cash Flow A nalysis

The term  "cashflow” is u sed  to refer to the  inflow or outflow of 

m oney during  any  period of tim e. For the purpose of th is  analysis the 

period of 1989 th rough  1992 reflect a  cash  flow for forty-eight m on ths 

(four years). The period of 1993 to 1997 reflects a  cash  flow for sixty 

m o n th s (five years). C ash  flow, in  th ese  cases, is the  cost of fuel p lu s  the 

cost of services, capital expenditures, and  operating  costs. Analysis for 

the  City of D enver is on a  before-tax  b asis  since the  City of D enver is no t 

sub jec t to any  form of tax. The te rm  "discounted cash flow ” m eans th a t  

the  tim e value of m oney is rep resen ted  using  p resen t value calcu lations 

th a t  rep resen t p resen t w orth  (16).

D iscounted C ash  Flow A nalysis is a  system atic an d  quan tita tive  

m ethod of evaluating all re levant factors th a t  affect th e  econom ic 

outcom e of a  project. I have u sed  th is  m ethod to evaluate th e  econom ics 

of two m utua lly  exclusive projects. This h a s  placed b o th  projects on the  

sam e evaluation b asis  of hand ling  m oney w ith com pound in te re s t ra te  of 

re tu rn .

3 .9  N et P resent Value

The cash  flow and  the  tim e value of m oney are the  decision criteria  

u sed  in  econom ic evaluations. Net p resen t value is defined as the  

cum ulative value of all project ca sh  flows d iscounted  a t a  m in im um  ra te  

of re tu rn  to the  p resen t (16).

For th is  analysis, evaluations are done in  " escalated dollars”, or
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the ac tu a l dollars of revenue or cost th a t  will be realized a t specific po in ts 

in time. E scalated  dollars are occasionally referred to as cu rren t dollars, 

inflated dollars, nom inal dollars, and  dollars of the  day (16).

3 .1 0  S en sitiv ity  A nalysis

Sensitivity analysis is u sed  to stu d y  the  u n certa in ty  of variables of 

th is  analysis and  the  associated  risks. This m easu re  allows the 

identification of those critical variables th a t, if changed, could 

significantly affect the  project's cost. V ariables are changed to  show  th e  

com parisons betw een th e  two alternatives, publicly  owned versu s 

com m ercially owned refueling scenarios. W ith th ese  variables 

identified, th e  decision m akers can  m ake the  correct economic choice. 

The term  "uncertainty" refers to the  possible varia tion  in  param ete rs  th a t  

affect th is  evaluation. An exam ple of u n ce rta in ty  is the  cost of un leaded  

gasoline. The te rm  "risk" refers to u sin g  a know n m echan ism  th a t  

incorporates the  probabilities of occurrence for su ccess and  failure. An 

exam ple of r isk  is the  probability  of an  u nderg round  fuel storage ta n k  

developing a  leak.
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Chapter 4  

Fueling S trategy  Exam ples

To evaluate the  Fueling S trategy model I developed for the City of 

Denver, I took the  h istorical d a ta  from  the cu rren t city owned fueling 

system  to determ ine if the  m odel m irrored reality. The d a ta  evaluated 

reflects the  period of J a n u a iy  1989 to D ecem ber 1992 (4 years). A ctual 

costs found in h isto rical records are  used  in  th is  m odel w ith the 

exception of the  d a ta  covering April 1992 to D ecem ber 1992, w here 

funded projects th a t  are  approved for the 1992 an n u a l budget and  

an ticipated  expenses were used . Once I developed th e  city owned fueling 

cost h istorical exam ple, th is  in  tu rn  becam e the  b as is  for the  com m ercial 

vendor fueling model. W ith m inor exceptions, bo th  of the  m odels are 

basically  the  sam e.

To give the  City of D enver a  fueling alternative economic prediction 

I applied the  sam e principal of the  historical m odels to th e  period of 

J a n u a ry  1993 to D ecem ber 1997 (5 years). This analysis dem onstra tes 

th e  cost and  flexibility of b o th  fueling strateg ies available to the City of 

Denver.

H istorical exam ples of 1989 to 1992 for city owned fueling and  

com m ercial vendor fueling are show n in J a n u a ry  1989 dollars. The 

h istorical exam ple for city owned fueling does no t include inflation since 

the  dollars evaluated  are already inflated. The five year forecasts (1993-
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1997) for city owned fueling and  com m ercial vendor fueling are show n in 

J a n u a iy  1993 dollars.

4 .1  M athem atics o f S preadsheet

While developing th is  algorithm , I had  the option of w riting a  

un ique  code utilizing a  program m ing language th a t  m ight be difficult for 

th e  city s ta ff to update . Instead , for reasons of u tility  I w rote an  

algorithm  using  a  basic  sp readshee t. This sp read sh ee t could th en  be 

u pdated , as  c ircum stances change, by a  non-program m er w ith  a  strong  

m athem atica l or sta tis tica l analysis background. Since D enver is a  

licensed u se r  of the  Excel 3 .0  sp read sh ee t (21), I chose it for th is m ethod. 

See A ppendix E for in stru c tio n s on u sing  the  Fueling S trategies 

sp readshee t.

Probability Analysis is calcu lated  u sing  the  M onte Carlo sim ulation  

techn ique. Probability theory allows u s  to m easu re  th e  u n ce rta in ty  of the  

occurrence of events th a t  we are considering. The im pact of these  events 

and  th e ir calcu lations involve the  probability  th a t  an  u nderg round  fuel 

storage ta n k  will leak  before D ecem ber 1998. In D ecem ber 1998 new  

regulations for USTs take affect an d  all U STs m u st com ply to these  s tric t 

s tan d ard s .

To ru n  either of the Fueling S trategy models, som e variables are 

u sed  to generate the  calcu lations needed to determ ine the  Cash Flow 

and  Net Present Values. Listed are the  in p u t variables and  m athem atical 

equations of the  Fueling S tra tegy  m odel sp readshee ts . V ariables are
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tak en  from historical records or estim ations b ased  on ac tual use . Both 

cases are evaluated equally u sin g  the  d iscounted  cash  flow analysis.

Input Variables

Fuel Usage: In p u t the  an ticipated  fuel usage per year by the  Police 

D epartm en t (2).

example: 9 5 0 ,0 0 0  gallons p er year (4.1)

Cost p er Gallon: In p u t the  an ticipated  cost per gallon of un leaded  

gasoline w ith all additional charges in decim al form.

example: 0 ,8000  dollars per gallon (4.2)

ROR G eneral Investm ent Pool: In p u t the  desired ra te  of re tu rn  on the  

G eneral Investm ent Pool owned and  m anaged by the City of Denver (4). 

example: 0 .0 7 0 0  A nnual Percentage Rate (APR) (4.3)

Inflation Rate: In p u t th e  an ticipated  inflation ra te  for the  City of Denver, 

example: 0 .0350  A nnual Percentage Rate (APR) (4.4)

Multiforce C om puter Cost: In p u t the  an n u a l police d epartm en t sh a re  

(33%)F for access to the  M ultiforce com puter (5).

F There exists an agreement between the Department of Safety and Department of 
Public Works that the Department of Safety will pay one-third of fuel related expenses. 
This is because the Department of Safety consumes one-third of the fuel purchased by 
the City of Denver.
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example: 4 0 , 0 0 0 . 0 0  dollars per year (4.5)

U pgrade of M ultiforce C om puter and  Fueling System : In p u t the an n u a l 

police d epartm en t sh are  (33%) for u pg rades to the  M ultiforce com puter 

and  Fueling System .

example: 100,000.00 dollars p er year (4.6)

UST M aintenance: In p u t cost per year to m ain ta in  a single UST (7). 

Police sh a re  is 33%.

example: 1 6 7 . 6 7  dollars p er year*tank. (4.7)

UST Probability of Leaking: In p u t probability (between 0 and  1) th a t  a  

ta n k  will becom e a leaker in  any  given year (8).

example: 0 . 0 2 5  probability  of leaking in  any  given year (4.8)

UST Expected Cost of Leaker: In p u t the  police d ep artm en ts  sh a re  (33%) 

of the  expected cost of cleaning u p  a  single leaking u n derg round  fuel 

storage ta n k  (5).

Category Probability Clean-up
of Leak Costs

1. Leak, confined to 0.85 $ 35,000.00
owners property

2. Leak, migrates from 
owners property, no 
lawsuit

0.10 $ 190,000.00
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3. Leak, migrates from 0.05 $2,700,000.00
owners property, 
lawsuit ensues

Total Expected Clean-up Costs:
0.85 * 35,000.00 = 29,750.00
0.10 * 190,000.00 = 19,000.00
0.05 * 2,700,000.00 = 135,000.00

$ 183.750.00

example: 61 ,250 .00  dollars p er leaking ta n k  (4.9)

N um ber of USTs: In p u t the n u m b er of un leaded  gasoline USTs owned by 

the  City of D enver (13).

example: 2 7  u nderg round  storage tan k s  (4.10)

UST U pgrades: In p u t th e  police d ep artm en ts  sh a re  (33%) of an n u a l 

costs for upgrades of th e  un leaded  gasoline u nderg round  storage ta n k s  

(5).

example: 4 0 ,0 0 0  dollars per y ear (4.11)

Cost to Download from Total Petroleum : In p u t the  an n u a l cost to 

download sales d a ta  from Total Petroleum  (18).

example: 6 0 0 .0 0  dollars per year (4.12)

Totals Software for Download: In p u t th e  one tim e charge for the  software

program  to au tom ate  and  link the  M ultiforce com puter d a tab ase  w ith

Total Petroleum s d a tab ase  of fuel tran sac tio n s  (18).

example: 4 ,0 0 0 .0 0  dollars (4.13)
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C alculations

Gallons C onsum ed

Eq. 4 .1 4 =  4 ' 1)(# years'>
(# months)

Eg. 4 .1 4 =  .  7 9 , 167 ̂
I OU months )

(4.14)

Cost p er Gallon

E g .4 .15  = (eq. 4 .2 )

Eg. 4 .15  = (0 .8 0 0 0  ̂ r )  = 0 .8 0 0 0

Net Fuel E xpense

Eq. 4 .16  = (eg .4 .1 4 )(eg .4 .1 5 )

Eg. 4 .16  = (79.167 S ) ( 0 . 8 0 0 0 ^ : )  = 6 3 . 3 3 3 . 3 3 ^

(4.15)

(4.16)
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Multiforce C om puter Costs

Ea 4 17 = (2 9 -4 . 5 )(#years) 
(# months)

4 i7= (4 0 0 ^ 1 1 (5^  = 3 > 3 3 3  3 3 _ ^

I D U  months )

U ST-M aintenance

4 lg  (eg. 4 .7 )(eq .4 .10)(#years) 
(# months)

Eg. 4 .18  = (1Q.7.-6 7 ^ W )(27t- ks)(5y— > = 3 7 7 .26
( 60 months )

UST-Probabilitv Cost of Leaking

Eq 4 19 = (eg- 4 .9)(eg. 4 .10)(eg. 4 .8 )(#years)
(# months)

Eg 4 19 = (6 1 .2 5 0 .0 0 i& )(2 7 ian k s)(0 .0 2 5 % )(5 ^)
(60 months )

(4.17)

month

(4.18)

= 3 , 4 4 5 . 3 1 ^  

(4.19)



T-4299 33

UST-Upprades

E g .4 .2 0  = (eg. 4.1 l)(eq. 4 .10)(# years) 
{# months)

Eg. 4 .2 0  = ( 4 . 0 0 0 . 0 0 ^ ) ( ? 7 ^ ) ( 5 y e a r s )  = ^  0 0 ^
( 60 months }

(4.20)

Holding Cost of Fuel 

Eq. 4 .21  =

E g .4 .21  =

(eq. 4.1) — (eq. 4 .1)(^) "(eq .4 .3 )" " (eq .4 .2 )(# y ears)"
2 L 12 J

-
(# months)

-

'  (950 ,000) -  (9 5 0 ,000)(!)" “0 .0 700" (0.80)(5)
L (2) L 12 L (60) J

E g .4 .2 1  = 9 2 . 3 6 ^

(4.21)

Download from Total Petroleum

(eq. 4 .12)(# years)E q .4 .2 2  =
(60 months)

Eq.4.22  = (6° ° ^ r)(5p ) = 5 0 . 0 0 ^( oO months )
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(4.22)

Total's Software for Download 

Eq. 4 .2 3  = (eg. 4.13)

Eg. 4 .2 4  = ($ 4 ,0 0 0 .0 0 )

Upgrade of Multiforce C om puter and  Fueling System

g q .4 .2 4 = (eg-4 -6)(#yearS)
[# months)

B ; . 4 . 2 4 . !1.° ° .- 7 bo0 0 ^ 115—" 1, 8 . 3 3 3 . 3 3 A
( O O  months J

Citv Owned C ash  Flow

(4.23)

(4.24)

Eg. 4 .2 5  = (eg. 4 .16) + (eg. 4 .17) + (eg. 4 .18) + (eg. 4.19) + (eg. 4 .2 0 ) + 
(eg. 4 .21) + (eg. 4 .2 4 )

Eq. 4 .2 5  = (6 3 ,3 3 3 .3 3  ̂ )  + (3 ,3 3 3 .3 3  + (3 7 7 .2 6  ̂  +
(3 ,4 4 5 .3 1  + ( 9 , 0 0 0 . 0 0 ^ )  + (92 .36  ̂ )  +
( 8 , 3 3 3 . 3 3 ^ )

E q .4 .2 5  = 8 7 ,9 1 4 .9 3 month

(4.25)
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Citv Owned Net P resen t Value

Eq. 4 .2 6  = (1 + 0 
i a + / )

escalated  and  inflated dollars

Eq. 4 .2 6  =
U l + i ) n J

su b s titu te  for i

Eq. 4 .2 6  = (l + (l + i))-i V

Eq. 4 .2 6  = (1 + (1 + iW)
(1 + 12) “  1

-1 x(n - l )

Eg. 4 .2 6  = (eg. 4 .2 5 )
-1 X(n - l )

(4.26)

Com m ercial V endor C ash  Flow

Eg. 4 .2 7  = (eq .4 .16) + (eq .4 .17) + (eq .4 .2 2 ) + (eq .4 .2 3 )

Eg. 4 .2 7  = (6 4 .0 8 5 .4 2  ̂ )  + (3 .3 3 3 .3 3  ̂  + (50 .00  +

+ (4 ,000 .00$)

E g .4 .2 7  = 7 1 , 4 6 8 . 7 5 ^
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(4.27)

Com m ercial V endor Net P resen t V alue

Eq. 4 .2 6  = (1 + 0 
1(1 + / )

- 1 escalated  and  inflated dollars

Eq. 4 .2 6  =
(l + i)n

su b s titu te  for i

Eq. 4 .2 6
, x V l(1 + (1 + i)) 

(1 + / )  — 1

Eq. 4 .2 6  = ^ (1+ (! + * ))- ' 
(1 + tr) — 1

Eq. 4 .2 6  = (eq. 4 .2 5 )
n. (n- l )

(4.28)

4 .2  Previous Years: 1 9 8 9  to  1992

To dem onstra te  the  Fueling Strategy Model and  its abilities, I ran  

the  sp read sh ee ts  w ith the  cu rren t city owned fueling m ethod and  the  

com m ercial vendor strategy. The re su lts  of the  four year h istorical 

analysis are listed.

N et P resent Value f Jan . '89 8)

City Owned Fueling $ 3 ,041,277.31
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Com m ercial V endor Fueling $ 2 ,510 ,350 .49

The Com mercial V endor Fueling strategy  dem onstra tes th a t  for the  

1989 to 1992 analysis period it is the  b e tte r economic alternative. The 

savings of the  com m ercial vendor is $ 530,926.82, th is  is rep resen ted  in 

J a n u a ry  1989 dollars.

E conom ic A nalysis o f C ity Owned F ueling

The Net P resen t Value, in  J a n u a ry  1989 dollars, for city owned 

fueling is $ 3 ,0 4 1 ,2 7 7 .3 1 . See A ppendix A for the  calculations.

E conom ic A nalysis o f C om m ercial Vendor Fueling

The Net P resen t Value, in J a n u a ry  1989 dollars, for com m ercial 

vendor fueling is $  2 ,510 ,350 .49 . See A ppendix B for the  calculations.

4 .3  F ive Year Forecast: 1993  to  1 9 9 7

B ased on the  m odels ability to  m irror h istorical d a ta  I have u sed  it 

to calculate a five year forecast. The re su lts  of the  five year forecast are 

listed.

City Owned Fueling 

Com m ercial V endor Fueling

Net P resent Value f J a n .*93 $1

$ 4 ,847 ,951 .69  

$ 3 ,724 ,474 .29
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The resu lts  of the  five year economic forecast for 1993 to 1997 is 

th a t Com m ercial V endor Fueling is a b e tte r economic alternative. The 

savings of the  com m ercial vendor is $ 1 ,123,477.40, th is  is reflected in 

J a n u a iy  1993 dollars.

E conom ic A nalysis o f City Owned Fueling

For the  years 1993 to 1997 the city owned fueling n e t p resen t 

value, in  J a n u a ry  1993 dollars, is $ 4 ,847 ,951 .69 . See A ppendix C for 

the  calculations.

E conom ic A nalysis o f C om m ercial Vendor Fueling

For the  years 1993 to 1997 the  com m ercial vendor fueling n e t 

p resen t value, in  J a n u a ry  1993 dollars, is $  3 ,724 ,474 .29 . See Appendix 

D for the  calculations.

4 .4  S en sitiv ity  A nalysis o f  F ive Year Forecast

To accoun t for the  u n ce rta in ty  of the variables and  risks, I have 

u sed  sensitivity  analysis to dem onstra te  w hich variab les will have the  

g rea test im pact on the  Net P resen t Value. Sensitivity calcu lations were 

done by varying the  value of individual variables in e ither a  positive or 

negative direction. Only one variable w as changed a t a  tim e w ith all 

o thers held a t the  b ase  case value. V alues were changed to show  relative 

changes th a t  could occur w ith sensitivity  analysis. C hanges are rounded  

off values of approxim ately one s ta n d a rd  deviation. C alculations are for
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the  five year forecast for bo th  alternatives and  are listed in  J a n u a iy  1993 

dollars. To save p rin ted  space a com puter disk is enclosed so the  reader 

can  duplicate these  analyses. R equirem ents for the  com puter d isk  are 

the  sam e as th a t  for the  City of Denver, w hich are a  personal com puter 

(either a  M acintosh w ith Hyper drive, or IBM com patible) w ith Excel 3.0  

(21). The b ase  case is m arked  w ith an  asterisk .

Fuel Usage (4.1)

gallons City NPV Com m ercial NPV

900 ,000  4 ,663,871.41  3 ,538 ,479 .29

950,000* 4 ,847 ,951 .69  3 ,724 ,474 .29

1,000,000 5 ,032 ,031 .97  3 ,910 ,469 .28

Cost per Gallon (4.2)

$ / gallon 

0 .7 5 /0 .7 5 9 5  

0 .80*/0 .8095* 

0 .8 5 /0 .8 5 9 5

Citv NPV 

4 ,629 ,356 .35

4 ,847 ,951 .69

5 ,066 ,547 .03

Com m ercial NPV

3,506 ,197 .23

3 .724 .474 .29

3 .942 .751 .30

ROR General In vestm en t Pool (4.3)

% ROR Citv NPV Com m ercial NPV

0.05 5 ,084 ,244 .84  3 ,906 ,984 .79

0.07* 4 ,847 ,951 .69  3 ,724 ,474 .29

0.09 4 ,624 ,805 .75  3 ,553 ,694 .28
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Inflation  R ate (4.4)

% Inflation 

0.015 

0.035 *

0.055

Citv NPV

4.624 .432 .08

4,847 ,951 .69

5 ,086 ,077 .34

Com m ercial NPV 

3 ,552 ,938 .14

3 ,724 ,474 .29  

3 ,907 ,219 .58

M ultiforce Com puter C ost (4.5)

$ /v e a r  City NPV

30.000  4 ,801 ,998 .63

40,000* 4 ,847 ,951 .69

50.000  4 ,893 ,904 .75

Com m ercial NPV

3,678 ,521 .23

3 ,724 ,474 .29

3 ,770 ,427 .34

Upgrade o f M ultiforce Com puter (4.6)

$ /v e a r  City NPV

50.000  4 ,618,186.41

100,000* 4 ,847 ,951 .69

150.000 5 ,077 ,716 .97

Com m ercial NPV

n / a

n / a

n / a

UST M aintenance (4.7)

$ / ta n k  Citv NPV

67.67 4 ,835 ,544 .36

167.67* 4 ,847 ,951 .69

267 .67  4 ,860 ,359.01

Com m ercial NPV

n / a

n / a

n / a
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UST Probability o f  Leaking (4.8)

% Probability  Citv NPV Com m ercial NPV

0.005 4 ,695 ,961 .96  n / a

0.025* 4 ,847 ,951 .69  n / a

0.045 4 ,999 ,941 .42  n / a

UST E xpected  Cost o f  Leaker (4.9)

S /ta n k  Citv NPV Com m ercial NPV

31 .250  4 ,754 ,896 .75  n / a

61,250* 4 ,847 ,951 .69  n / a

91 .250  4 ,941 ,006 .63  n / a

Number o f USTs (4.10)

ta n k s  Citv NPV Com m ercial NPV

22 4 ,717 ,010 .29  n / a

27* 4 .8 4 7 .9 5 1.69 n / a

32 4 ,978 ,893 .08  n / a

UST Upgrades (4.11)

S /ta n k  Citv NPV Com m ercial NPV

6.000  4 ,599 ,805 .19  n / a

12,000* 4 ,847 ,951 .69  n / a

18.000 5 ,096 ,098 .19  n / a
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Cost to  Download from T otal Petroleum  (4.12)

$ /y e a r  Citv NPV Com m ercial NPV

200 n / a  3 ,722 ,636 .16

600* n / a  3 ,724 ,474 .29

1.000 n / a  3 ,726,312.41

T otals Software for Download (4.13)

ll Citv NPV Com m ercial NPV

0 n / a  3 ,720 ,474 .29

4 ,000*  n / a  3 ,724 ,474 .29

8 .000 n / a  3 ,729 ,474 .29

The sensitivity  analysis of bo th  fueling system s dem onstra te  th a t 

only five variables change th e  NPV by  more th a n  0.05% . This w as done 

by  com paring the  ra tio s of change. These variables are  the  Cost of Fuel, 

ROR of the G eneral Investm ent, Inflation, Cost to U pgrade M ultiforce and  

Fuel System , and  UST U pgrades. Listed are the  percen t changes to th e  

variables.

V ariable City % C hange Com m ercial % C hange

4.1 Fuel Usage ± 0 .0 4  ± 0 .0 5

4.2  Cost per Gallon ± 0 .04 ± 0.06

4.3 ROR G eneral Invest. ± 0.05 ± 0.05
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4.4 Inflation Rate ± 0.05 ± 0.05

4.5 Multiforce C om puter ± 0 .0 1 ± 0.01

4.6 U pgrade to M ultiforce ± 0 .0 5 n / a

4.7 U ST-M aintenance ± 0.01 n / a

4.8 UST-Prob. of Leak ± 0 .0 3 n / a

4.9 UST-Expected Value ± 0 .0 1 n / a

4 .10 N um ber of USTs ± 0.03 n / a

4.11 UST-Upgrades ± 0.005 n / a

4.12 Cost to Download n / a ± 0 .0005

4.13 Totals Software n / a ± 0.001

Of significance to the  City of Denver is the  cost of un leaded  

gasoline. The price of fuel h as  fluctuated  wildly in  the  la s t few years; 

however, bo th  a lternatives w ould be affected equally in  % change of the  

dollar am o u n t of the  NPV if the  price w ent up  or down.
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Chapter 5

R elated Areas to  Fueling M ethod A lternatives

While conducting  the  research  for the Econom ic E valuation of 

A lternative Fueling M ethods for th e  City of Denver I w as asked  to 

exam ine related a reas  a s  p a r t of m y thesis  (6). T hese included the 

im pact of Fueling A lternatives, problem s w ith the  U nderground Storage 

T anks, and  the  Police M aintenance Facility.

5.1  Im pact o f Fueling A lternatives

Costs

E ither fueling alternative is feasible since the  fuel is delivered to 

the  D epartm en t of Safety in a  reasonab le  m anner, b u t the  lower cost 

m akes the  com m ercial vendor fueling m ethod m ore attractive. The cost 

of fuel is approxim ately the  sam e for either system  curren tly  being 

considered. The D epartm en t of Public W orks sold the  fuel for 

approxim ately $0 .0095 p er gallon cheaper th a n  the  com m ercial vendor in 

the  years 1988 to 1992. The significant factors favoring the  com m ercial 

vendor over the city owned fueling system  are the  costs associated  w ith 

the  upgrade and  m ain tenance  of underg round  fuel storage tan k s.

A ccuracy and  Security

A ccuracy of inform ation is of concern, especially w hen one 

considers th a t  the  D epartm en t of Safety consum es 1 million gallons of
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fuel per year. Security  and  accountab ility  of records and  fuel u ltim ately  

is the  responsibility  of those charged w ith m anaging the  hardw are and  

software. Both fueling system s have safeguards to prevent unau tho rized  

u se  or tam pering  w ith records. In e ither alternative, the  finance officer in  

the  D epartm en t of Safety m u s t en su re  records balance and  reflect ac tu a l 

fuel use . The only difference betw een the two system s is w ith a 

com m ercial vendor fueling there  is a  pap er trail beginning w ith  the  

p u rch ase  receip t signed by  the  officer.

Controlling Own Fuel Supply

M aintaining control of the  city's fuel supp ly  isn 't a  m ajor issue. 

Should  the  D epartm en t of Safety decide to u se  com m ercial vendor 

fueling, safeguards shou ld  be w ritten  into the  negotiated co n trac t to 

en su re  an  u n in te rru p te d  supp ly  of fuel. The D epartm en t of Public W orks 

can  only provide a  few days of fuel in the  event of an  em ergency. W hen 

the ir fuel supp ly  is exhausted  they  m u s t go back  to a  com m ercial vendor 

for m ore fuel. The probability  of an  em ergency occurring of the  

m agnitude th a t  the city would be required  to depend on stored  fuel is 

sta tistica lly  insignificant.

Officer Productivity

The officers' productivity  is slightly increased  u sing  the  alternative 

of the  com m ercial vendor. In D enver Police D istricts I, IV, an d  V the  

officers will spend  m ore tim e on patro l since the  com m ercial vendor is
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m ore convenient th a n  the  city owned fueling locations. Denver Police 

d istric ts  II and  III have no change since there  is a  fueling sta tion  a t the 

d istric t h ead q u arte rs  or close by the  precincts. This allows the  officer to 

stay  closer to th e ir p recinct and  spend  less tim e getting fuel. A benefit to 

the  city, b u t difficult to cap tu re  statistically , is the  officers' random  

presence in  a  com m ercial vendors facility w hich historically  is a 

crim inal's target.

Mileage Savings

Given the  cu rren t m ethod of vehicle u tilization of the  Patrol 

Division and  the  job  requ irem en ts of the  officers, the re  is no m easu rab le  

m ileage savings. Vehicles in  the  patro l division are v irtually  operating 

tw enty-four h o u rs  per day. Mileage savings w ould be seen  in  all o ther 

divisions m erely from the  aspec t of fueling convenience.

5 .2  Underground Fuel Storage Tanks

At th is  tim e there  are few g reater concerns of the  E nvironm ental 

Protection Agency th a n  leaking U nderground Storage T anks. The reaso n  

for the  increased  a tten tio n  of the USTs is th a t  so m any  people and 

organizations are now affected by them . In su rance  com panies are a t the  

po in t th a t they  will no t in su re  a  piece of property  w ith  a  UST on it. W hen 

an  in su ran ce  com pany will in su re  a  ta n k  it is because  the  la te s t 

safeguards are u sed  and  have been  verified (7). This p rospect h a s  

affected m any UST ow ners th a t  do n o t m eet the s tric t regulations of the
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EPA. C auses are the high cost of com pliance and  the  legal cost for non- 

com pliance. D enver is self in su red  so the risk s to the  city m u s t be 

weighed.

The national average is th a t  approxim ately one to five percen t of all 

USTs leak. The issue  of leaking USTs is cu rren tly  being addressed  by the 

Federal and  S tate  EPA w ith  local EPA authorities. Since the  City of 

D enver is self in su red , it is in  the  city's b es t in te rest to quickly resolve 

the UST problem . The con servative estim ate  for the  cost to clean up  a 

leaking UST is approxim ately  $ 183,750.00 for each  ta n k  (1). If the 

leaking fuel gets into ground  w ater or u n d e r a  build ing  the  cost could 

approach  2.7 million dollars0 .

In spite of new  and  im proved governm ent regulations the  City of 

D enver is years aw ay from full com pliance. The tig h tn ess testing  

s ta n d a rd  (autom ated leak detection) will be in  effect in  D ecem ber of 

1993. By D ecem ber 1998 all USTs in  the  U nited S ta tes m u s t be in 

com pliance w ith the  new  ta n k  s ta n d a rd s  (9). The ta n k  s ta n d a rd s  

approved a t the  Federal and  S ta te  level are of several different designs. 

The m aterials are fiberglass or cathodically protected steel. Also being 

considered is the  u se  of secondary  con tainm en t as an  additional b a rrie r 

aro u n d  the prim ary  storage tan k . This would prevent the  rap id  loss of 

fuel into th e  ground.

°  See equation  4 .9  for a  detailed explanation  of th e  dollar figure.
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5 .3  Dept, o f Public Works and th e  M ultiforce Com puter

A m ajor issu e  exists betw een the  D epartm ent of Public W orks and  

the  M ultiforce system  w ith the  two fueling alternatives. Several key 

people in the  D epartm en t of Public W orks have been  uncooperative in  

every aspect of exam ining th is  project. As an  un b iased  observer, and  in 

m y opinion, I perceived the  following item s to be m ajor in te rna l problem s 

to the  D epartm en t of Public W orks: lack of cooperation, lack of candor in 

addressing  issu es , and  in te rna l politics. To overcome these  in ternal 

problem s I w as forced to w ork aro u n d  the D epartm en t of Public W orks by 

w orking w ith the  M ultiforce Corporation, city em ployees, and  o ther 

m unicipalities cu rren tly  u sing  the  M ultiforce System H .

Developing M ultiforce R eports for A dm inistrative Purposes

The Chief of the  S taff Services Division and  th e  Fleet M aintenance 

M anager have desired reports th a t  add ress specific inform ation (6). To 

date  the  D epartm en t of Public W orks h a s  tak en  two years to add ress th is  

issu e  (10,11).

The Multiforce C orporation 's system  is a  tho rough  and  effective 

softw are and  hardw are com bination for the  m anagem en t of fleet 

operations. It can  do m uch  to a s s is t the  u se r  in  keeping a  record of the ir 

work. The problem , I believe, is th a t  the  D epartm ent of Public W orks

H As of 12 A ugust 1992 there  are 30 M unicipalities u sin g  th e  M ultiforce 
System . I contacted  four of the  u se rs  for th e ir com m ents.
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does no t know how to effectively u se  the  Multiforce software. W hen 

Public W orks w as faced w ith developing trivial reports for the  

D epartm en t of Safety they  referred the  m atte r to the  M ultiforce 

program m ers. The m inim um  cost to generate these  rep o rts  desired by 

Police Fleet M aintenance Facility is $ 1 4 ,0 0 0 .0 0 . This is the  cost for 

M ultiforce C orporation to u se  the  report w riter system  already included 

in the  city's softw are package. For any  additional changes or new  reports 

there  will be an  equally high cost (12).

M ultiforce U ser T raining

The M ultiforce C orporation system  is cu rren tly  in  u se  a t 30 

m unicipalities and  com panies in  the  U nited S tates. A com m on com m ent 

is th a t  the  system  is difficult to u se  u n less  the  operator is tra in ed  in  the  

operation  of Multiforce. The Police M aintenance Facility personnel are 

the  prim e u se rs  of the  M ultiforce system  in the D epartm en t of Safety. 

They are proficient b u t are encum bered  since they  lack  th e  proper 

tra in ing  an d  operator m an u a ls  for th e  software and  hardw are.

I recom m end th a t  the  D epartm en t of Safety invest in  a train ing  

course for these  personnel. Once the  prim ary  u se rs  are tra ined , I 

recom m end th a t  Bill H ughes, Police M aintenance Facility M anager, and  

Peg Howard, Police M aintenance Facility System s O perator, are fu rth e r 

tra ined  as system  ad m in is tra to rs . After th is  train ing, the  D epartm en t of 

Public W orks m u s t allow the  D epartm en t of Safety u n restric ted  access to 

the  com puter system . The charge for tra in ing  in Denver is approxim ately
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$4,000 .00  per w eek for a  class. A llan Yeast of M ultiforce C orporation 

m ay be contacted  a t (609) 683-4242 for specific details.

Remodel Existing Citv Fueling Sites

Rem odeling existing sites to accom m odate police vehicles varies in  

cost. C harges are  b ased  on m odifications of existing facilities and  un ique 

requ irem ents of the  Police. Key factors involved are su n k  costs w ith 

existing renovations, to taling approxim ately $400 ,000 .00  in the la s t four 

years, and  additional costs to modify and  replace existing ta n k s  to come 

into m inim al EPA com pliance by D ecem ber 1998 (9).

5 .4  P olice M aintenance F acility

I w as im pressed  w ith  the  m en an d  w om en a t the  Police 

M aintenance Facility. Their dedication and  a tten tion  to detail se t them  

ap a rt from the  o ther m ain tenance  w orkers in  the  city. Bill H ughes does 

a  fine job  of m anaging the  heavy w orkload a t the  Police M aintenance 

Facility.

Police Fleet M aintenance

The im pact on fleet m ain tenance  for either fueling system  is 

negligible. B oth system s require th e  M ultiforce com puter softw are for 

accountab ility  of m ain tenance  an d  fuel costs. The only difference is th e



T-4299 51

city owned fueling allows for in s tan tan eo u s  updating  of d a ta  provided by 

the  officer a t the fuel tran sac tio n  time; the com m ercial vendors' p rogram  

allows for daily u pdates. Based on the  cu rren t operating system  and  

m ethods u sed  to generate repo rts  m ain tenance will no t be affected.

Police M aintenance Facility

W hat I found a t the m ain tenance  facility w as a  th ree  w eek backlog 

of police cars even though  every m echanic w as w orking each  of th e  n ine 

tim es I visited the facility. The report by CPTs Paulo, Lauritzen, 

G randinetti, and  H ulsebosch provided to the  D epartm en t of Safety in  

Septem ber 1991, se t a  baseline for m y research  a t th e  police 

m ain tenance  facility (10). I observed v ast im provem ent from w h at w as 

identified as problem s in th e ir report. Some of the  problem s I found a t 

the  m ain tenance  facility and  th e  d istric ts  were the  degenerate condition 

of the  patro l cars. My experience in  riding and  talk ing  w ith the  police 

officers ind icates the  ca rs  are n o t in tentionally  abused , ra th e r  they  are 

w orked hard . Though no t w itnessed, I am  certain  a very sm all 

percen tage of the  cities cars th a t  a re  dam aged m ay be abu sed  th rough  

irresponsib ility  or neglect. Local taxi and  delivery fleets experience m any 

of the  sam e problem s as the  police fleet. The co n s tan t operation  in  city 

traffic and  the  requ irem en t to w ork w ith a backlog a t the  m ain tenance  

facility consequently  cau ses the  preventive m ain tenance  program  and  

repairs to suffer.
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I have six recom m endations to relieve m ain tenance  problem s for 

the  police fleet.

1. A uthorize overtim e pay for the  m echanics. This au thorization  

should  occur w henever there  is a  five day backlog of vehicles. The 

au thorization  should  come from SGT Singleton or LT Webb. To minimize 

overtime, incentives should  be u sed  for the  m echanics.

2. Place som e m ain tenance  requ irem en ts on the  officers. C reate a  

m ethod or voucher system  for the  officers to get em issions testing  an d  oil 

changes w ith com m ercial vendors. These alone w ould be a t a  break-even 

cost to the  city.

3. In stitu te  a  com m ensurate  penalty  for vehicle ab u se  and 

negligence of the  operator depending on the  severity of th e  dam age. 

P u n ish m en t should  be quick, fair, and  public.

4. Assign vehicles to the  m inim um  n u m b er of operators. The 

sam e people from each  sh ift operate the  sam e vehicle daily. This will 

a s s is t in  determ ining  w ho ab u ses vehicles and , hopefully, peer p ressu re  

will m ake any  offending officer clean u p  the ir act.

5. E n su re  th a t  the  p u rch ase  order for new  police cars specify the  

police du ty  package.

6. C om m anders and  Staff Supervisors need to be involved w ith  the  

m ain tenance program . T heir presence and  involvem ent w ith vehicles will 

accen tu a te  the  im portance of m ain tenance  to the ir subord inates.
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Chapter 6

C onclusions and Suggestions for Im provem ent

6 .1  C onclusions

I w anted  to provide the  City of Denver w ith a  tool th a t would 

be easy to u se  b u t th a t would be usefu l and effective. The Fueling 

S trategy sp read sh ee t allows the  u se r  to change variables as needed to 

determ ine the  to tal Net P resen t Value. The Net P resen t Value 

em phasizes the  im portance of the  tim e value of money, and  as u sed  in 

the  m odels places bo th  fueling alternatives on an  equal footing for an  

econom ic and  sta tis tica l evaluation.

The com m ercial vendor fueling system  offers th e  b e s t econom ic 

advantage w hen com pared to the  city owned fueling system . Some of the  

advan tages are the  officers rem ain  in  the ir d istric ts, response  tim e to 

em ergencies is faster, and  it's cheaper. The five year forecast from 

J a n u a ry 1993 to D ecem ber 1997 show s a  capital savings of 

$1 ,123 ,477 .40  reflected in  J a n u a ry  1993 dollars. For a  fueling 

alternative analysis applicable to o ther city agencies th is  m ethod u sed  for 

the  Denver Police D epartm en t can  also be applied to those city agencies.

Additionally, the  requ irem en ts placed by the  E nvironm ental 

Protection Agency on the  u se  of U nderground Fuel Storage T anks is a  

cost th a t  is increasing  a t a  ra te  g reater th a n  th a t of inflation. This places 

the  City of D enver in the  position to p ro ra te  the  entire cost of owning and  

upgrad ing  the  U ST s over a  fleet of less th a n  th ree  th o u sa n d  vehicles.
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6 .2  S u ggestions for Im provem ent

This m odel h as  application for o ther areas in the city. The m ethod 

can  be applied to any  area  w here an  evaluation is desired of two or m ore 

events. An exam ple would be the evaluation of the  Harley D avidson 

police m otorcycle v ersu s the  K aw asaki police motorcycle. E ach 

alternative can  be com pared on a  com m on b asis  for a  realistic 

com parison. The sp read sh ee t as it is w ritten  would have to be changed 

to accoun t for the  different scenario  and  variables.

The difficulty w ith u sing  a  m odel like th is or one produced  by  the  

City of Denver, is keeping it updated . This will require the  sp read sh ee ts  

u se r  to know  the  w orkings of the  system  and  have a  strong  background  

in S tatistics and  M athem atics to m ake any algorithm  changes.
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A ppendix A

R esults of the  Econom ic A nalysis of City Owned Fueling from 

J a n u a ry  1989 to D ecem ber 1992 show  the Net P resen t Value to be 

$3 ,041 ,277 .31 .
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Appendix B

R esults of the  Econom ic A nalysis of Com m ercial V endor Fueling 

from Ja n u a ry  1989 to D ecem ber 1992 show  the Net P resen t Value to be 

$2 ,510 ,350 .49 .
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A ppendix C

R esults of the  Econom ic A nalysis of City Owned Fueling from 

J a n u a ry  1993 to D ecem ber 1997 show  the Net P resen t Value to be $ 

4 ,847 ,951 .69 .
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Appendix D

R esults of the  Econom ic Analysis of Com m ercial V endor Fueling 

from Ja n u a ry  1993 to D ecem ber 1997 show  the  Net P resen t Value to be 

$3,724-,474.29.
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