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When faced with making a choice among alternatives, 
you need a method to select the best one. Here is a simple 
means that works for evaluating a wide variety of problems. 

Robert L. Landis and James E. Hamilton, Brown & Root, Inc. 

(2.) 

n Making engineering decisions is often not easy; mul-
tiple alternatives may exist, and no one choice may seem 
best at first. Examples of such-decisions are: selecting a 
vendor and deciding upon a contractor. 

The technique that will be discussed provides an 
objective method for what otherwise could be a subjec-* 
five one. Briefly, it breaks the requirements of a particu-
lar assignment into categories. Each category is rated 
from 1 (unsatisfactory) to 10 (outstanding). Also, a 
\Lelghted factor is assig-ned to each category. An overall 
score is obtained by adding  up the sum of the ratings 
multiplied by the factors for each option. 

At the authors' company, this procedure is used to 
make judgments for clients who are constructing large 
oil refineries and petrochemical complexes. The method 
is used not only to select licensors (see the example) but 
to pick engineering contractors and commodity vendors. 
The implementation of this procedure has enabled our 
firm to make more-uniform and  more-objective recom-
mendations to clients. 

Advantages and purposes 
As noted, the main advantage to using the method is-

its objectivity. Evaluators, unfortunately, often allow pre-
vious experience (including that of their colleagues) to 
influence their decisions. While such information should 
not be excluded from the evaluation procedure, it should 
not unduly influence the current decision. 

Without a process such as the one that will be given 
here, people sometimes make a selection by integrating 
all of the positive and negative aspects of each alterna-
tive. For mostpeople, it is difficult  to stay objective and 

_pick the best overall selection, especially if the various 
choices seem about the same.  

The proposed  procedure minimizes such problems by 
breaking down the case into various categories that are 
analyzed and rated one at a time. Doing this not only 
simplifies the evaluation  process but helps to avOid 
allowing overly negative or positive opinions from influ-
encing, theslecision. 

Another advantage is that the method purposely  
avoids comparing alternatives. Instead, the merits of 
each are judged against a predetermined stariClare  

use of this technique will yield two further advantages: 
1. It generates a checklist for evaluating the candi-

dates' ability to do the job. Thus, the evaluator is forced 
to review the candidates' capabilities in every category. 
This highlights areas where additional information is  
_needed, as well as provides a basis for further evaluations 
and negotiations with potential candidates. 

2. In comparing the candidates against a standard 
rather than against each other, it _avoids ,selecting the 
"best of the worst" one. With other evaluation methods, 
one candidate may be found to be the best overall, yet 
still may not meet requirements sufficiently. 

3 Still other advantages: The metho—d will result in an  
'overall score for each candidate, showing hoN

7, 
close each 

is to the standard. Also, when all of the people working 
on a project use the same evaluation technique, there is a 
greater degree of standardization. 

Standardization is especially important when special-
ists from different groups (e.g., process engineers, con-
tract administrators and project managers)  are all evalu-
ating a particular bid. This, combined with evaluators' 
justifications of each candidate's rating for each catego-
ry, gives further credibility. Thus, greater assurance can 
be _given that an impartial evaluation has been made. _ 

Now, let us explain how to use the method by present-
ing an example. The example is selecting a technology 
licensor for a high-density polyethylene unit. 

Before a detailed evaluation can be done, a prelimi-
nary screening must be carried out to narrow potential 
candidates to a reasonable number. This is usually three 
to eight firms, depending upon such factors as client 
requirements, the need for international sourcing (of 
materials or services), and the availability of interested 
candidates. Without a preliminary screening, the evalua-
tion process would become much too cumbersome. 

Next, invitations to tender must be prepared. At the 
same time, the evaluation categories must be established 
(see Table I). The box shows factors to be considered for 
the categories. The invitations to tender must specify 
that the prospective candidates include a response for 
each evaluation category. This not Only minimizes the 
need to query bidders for more information, but also 
ensures that each bidder is properly informed of the 
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ENCINEERINT, ALTERNATIVES 

This worksheet helps to make the evaluation process simpler and more accurate 

High-density polyethylene unit 

Weighting 

Table I 

factor Licensor A Licensor B Licensor C Licensor D Licensor E 
Category (WF) 	Rating X WF = Score Rating X WF = score Rating X WF = score Rating X WF = score Rating X WF = score 

1 	Process design 15 7 X 15 = 105 5X 15 = 75 OX 15 = 120 8 X 15 = 120 7 X 15 = 105 
2 Commercial 

experience 10 OX 10=80 6 X 10=60 5 X 10= 	50 7 X 10 = 	70 6 X 10 = 	60 
3 Product 

capabilities 15 6 X 15 = 90 X 15 = 90 .6 6 x 16 = 90 7 X 16 = 105 7 X 15 = 105 
4 Operating costs 10 9 X 10= 90 7 X 10 = 70 6 X 10 = 60 7 X 10 = 	70 5 X 10 = 50 
5 Investment 

costs 10 8 X 10 = 80 7 X 10 = 70 6 X 10 = 60 8 X 10= 80 5 X 10 = 50 
6 Return on 

investment 10 9 X 10= 90 8 X 10 = 80 5 X 10 = 	50 8X10= 80 5 X 10 = 	50 
7 Licensor 

services 7X 	5=  35 8X 	5 = 40 	' 7X 	5= 35 7X 	5= 35 6X 	5= 30 
8 Future 

technology 10 7 X 10 = 70 8 X 10 = 80 6 X 10 = 	60 7 X 10 = 	70 5 X 10 = 	50 
9 Marketing 

restrictions 6X 5= 30 9X 	5=45 5X 	5= 25 OX 	5= 	40 8X 	5= 40 
10 Contractor 

restrictions 5 6X 	5= 	30 9X 	6=45 5X 9X 	5= 45 8X 	5= 40 
11 	Guarantees and 

patent coverage 5 5X 	5= 25 8 X 	5=45 6X 	5= 30 5X 	5= 	25 3X 	5=.15. 
Total (weighting) 100 
Total score 725 690 605 740 595 

criteria upon which the proposal will be evaluated. The 
invitation to tender should stress the need for adequate 
and detailed responses to each part of the tender docu-
ment. Once the tenders have been received from the 
bidders, the actual evaluation can start. 

Evaluation categories 

Selection of these categories, a crucial part of the 
procedure, should be done when the invitations to 
tender are drafted. There is no standard set of categories 
that can be used on all types of evaluations. They must 
be tailored to the evaluation being done. 

After the categories are established, each one must be 
weighted according to its perceived importance. The 
weights should be set before any of the proposals are 
evaluated, so as to be fair to all prospective candidates. 
The weighting should add up to 100 (see Table I). 

All those who will conduct the evaluation, should 
review and approve the evaluation categories and 
weightings. When several persons are performing an 
evaluation, an open discussion among them works to 
establish the categories and weightings. 

Even for a certain type of evaluation (e.g., selecting a 
licensor) categories and weightings change for each job, 
since the relative importance of criteria varies with the 
process. For example, a category such as "feedstock 
sources" (ability/experience to handle different feed-
stocks) would be influential in evaluating benzene-
extraction licensors for a unit to process pyrolysis gaso-
line or reformate, but would not in looking at linear low-
density polyethylene technology, since polymer-grade 
ethylene is the only feedstock considered for the latter. 

Once the tenders are received, they are reviewed with 

respect to the evaluation categories. Each licensor is 
assigned a score for each category, which- when multi-
plied by the category's weight results in an overall score. s' 

The rating scale (Table II) is used by each evaluator, 
regardless of the type of evaluation he or she conducts. 

If more than one person is making the evaluation, the 
same evaluator should review all bidders for a particular 
category, rather than do all categories for one bidder. 
Such an approach gives rise to a more uniform review, . 
since the evaluation scale is somewhat subjective. 

The main worksheet (Table I) summarizes the results. 
Additional backup worksheets are also prepared. These 
are for each separate licensor that makes it to the final 
selection, and show the major points of that candidate. 
These sheets, used in the final review, help to ensure that 
the ratings are accurate and objective. They also provide 
a summary for client reference, rather than presenting 
each client with vast amounts of detailed material. 

If only one person has done the review, his or her 
supervisor should give the review a final checking over. 
If the evaluation has been made by a group, they and 
management should discuss the recommendations at a 
meeting. However, in all cases, the evaluator(s) should 
be allowed to set the final ratings. 

Analysis of results 
The maximum possible score is 1,000 points. A score 

of 700 or more is acceptable, since a rating of 7 means 
that a candidate meets a desired standard. Of course, a 
score of 700 ,or more does not mean that all of a 
candidate's scores in individual categories are accept-
able; each category's score must be looked at for 
strengths or weaknesses. Some needed improvements 
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Using a numerical scale to rate categories 
helps to improve choice of evaluations Table II 

Rating value General description Definition 

  

Outstanding, superior All qualifications 
exceed desired 
standards 

Above average 	Most qualifications 
exceed desired 
standards 

High average 	 No weaknesses, 

generally exceeds 

desired standards 

Average 
	

Few weaknesses, 

generally meets 

desired standards 

Low average 	 Some weaknesses, 
does not meet 
some standards 

Below average 	Several deficiencies, 

generally below 

desired standards 

Inadequate 
	

Many deficiencies, 
does not meet 
most standards 

000r. 	 Severe deficiencies, 

almost no standards 

are met 

Bad 

Unsatisfactory 

Extreme deficien- 

cies, nearly 

unacceptable 

Totally 
unacceptable 

Considerations for some categories 
Process design—Process complexity, proven unit oper-
ations, safety considerations, ease of control, special 
equipment requirements, unusual maintenance re-
quirements, operating flexibility, turndown capabili-
ty, yields, onstream factor, and waste streams. 
Commercial experience--Number/capacity of similar 
units either captive or licensed, and location. 
Product capabilities—Purities, number of grades, ap-
plication areas covered,. and product recovery. 
Operating costs—Utilities, labor for operation and 
maintenance, license fees, maintenance materials, 
raw-material requirements, catalysts, chemicals, etc. 
Investment costs—Equipment, bulk materials, -build-
ing/"civil" construction, detailed engineering fees, 
construction/startup costs, procurement, field su-
pervision, spare parts, contractors' fees, and work-
ing capital. 
Return on investment—Expressed as a percent. 
Licensor services—Type/duration of training, startup 
services, post-startup consultation, detailed engi-
neering design assistance/consultation, delivery 
schedule/contents of process package, ability to 
develop package to standards. 
Future technology—Terms and conditions of transfer 
of future technology from licensor to licensee and 
vice-versa, and licensor R&D efforts and capabilities. 
Marketing restrictions—Licensor-imposed limitations 
on where product may be manufactured, sold, used. 
Contractor restrictions—Licensor-imposed limitations 
on firms that can perform detailed engineering ser-
vices, and allowable access to licensor technology by 
detailed engineering contractor. 
Guarantees and patent coverage—Capacity, recovery, 
quality and utility guarantees with penalties, perfor-
mance-test terms and conditions, and patent indem-
nification provisions. 
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may be achieved during negotiations with candidates. 
The top, two or three licensors should be seen for 

further questioning and negotiations. During the inter-
view, commercial terms can be discussed as well. Then, 
the evaluation is updated for those licensors who took 
part in the questioning. Almost always, the licensors' 
scores improve after the meeting, since some client  

requirements will become better understood by them. 
As noted, it is possible that a candidate could have an 

unacceptable deficiency in one or more evaluation cate-
gories, yet still achieve a high total score. However, such 
a situation is rare—generally, deficiencies in one catego-
ry will carry over into other ones. In addition, such 
candidates will usually be eliminated during the prelimi-
nary screening process and in trying to get the job they 
willendeavor to meet all of the requirements. Nonethe-
less, if such a situation does arise, a licensor should not 
be considered unless it can change its position. 

Richard Greene, Editor 

The authors 
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