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Re-engineering The Engineering Functions to Remain Competitive. 

As companies have reorganized to remain competitive, the role of the engineer has 

changed. Most companies no longer have large staffs of engineers for separate 

maintenance, design, process and production engineering services. Today's project 

engineer serves as a project manager, team leader, process and mechanical design 

administrator, construction coordinator, and start-up director. 

The intent of this paper is to show that engineering in the nineties must be a team 

effort with members from many disciplines/groups within the plant, indeed, often 

with members from outside companies. This requirement offers the opportunity to 

build partnerships across the boundaries between the diverse groups with their 

separate responsibilities within the plant and even with engineers from outside 

engineering and consulting companies. These outside engineers can often bring 

specific expertise to the team studying a problem, but incorporating them as 

members of the team takes significant effort by all involved. 

Introduction: 

During the sixties and seventies, companies expanded and technology exploded to 

meet both the government and private sector needs. Engineering jobs were 

abundant. The engineer was encouraged to specialize. 

The eighties saw a fantastic slowdown in the growth of most companies. The cost 

of energy rose and foreign competition cut into both the domestic and foreign 

markets. As companies closed plants or cut back production, engineering staffs 

were reduced. Between fifteen to twenty percent of the engineers left the 

profession. Over fifty percent changed jobs and colleges graduated fewer engineers. 

Many engineers were forced to take positions outside their formal training or 

experience. 

The eighties also saw the environmental movement take hold. Companies 

converted their capital expenditures from upgrading production facilities to meeting 

new environmental standards. It was common to spend over twenty-five percent 

of the capital budget on environmental improvements. 
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The nineties have seen corporations cut production costs to remain competitive. 

Companies restructured the engineering function to fit the demands. Teaming and 

re-engineering have been installed to encourage worker involvement and 

contribution toward a common goal. 

We have seen many changes in the engineer's role. It has changed from being part 

of an overall project organization to being independent but yet inter-dependent on 

others. The paper discusses several elements of teaming and re-engineering that 

lead to successful projects in today's competitive climate. 

The Guidelines 

Capital and other engineering projects are required to sustain and maintain 

production. Management expects these projects to be: 

• Well defined 

• Within budget 

• Completed and started on Schedule 

• Within or in excess of expectations 

• Well Documented 

To meet these expectations, engineers must be pro-active as well as interactive. 

They must build a team and must guide it toward a common goal. The talents of 

the whole team must be used to achieve the desired end. 

pefining Process Improvement Opportunities 

As project engineering functions have been redefined toward teaming, the process 

engineering function has often moved to production engineers. Problems in 

supplying process information for a project can exist when process engineering 

expertise is in the production climate. Production priorities can result in time being 

taken away from the process development of a project. 
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As the process contributor, the production engineer is responsible for in-depth 

process investigations that require the following elements: 

• Monitor all pertinent process conditions, including temperatures, pressures, 

concentrations. 

• Coordinate all data taken for process evaluation. 

• Identify optimum operating and design conditions which can change with 

raw material and product specifications. 

• Analyze production data and recognize the need for different measurements 

or simplification of copious sometimes irrelevant data. 

One solution to help the production engineer to define opportunities and meet 

project schedules is for an engineer, technical services team, or outside consultants 

to conduct periodic surveys. Success of a survey or process study requires the 

following: 

• A clear understanding that a problem must be solved, or an attractive 

opportunity for improvement exists. 

• A clear scope for the study with clear objectives and a feasible study 

method. 

• Definition of the effort and cost required to perform the study. 

• An idea, if not an estimate, of the benefits that can be expected. 

As part of a successful project implementation, it is essential that the team develop 

the early support, not only of management but also the production, maintenance, 

laboratory and other support people, who will ultimately assure the success or 

failure of any change which might be implemented. 

This support can be earned by early involvement of the diverse groups in setting 

objectives for the study and outlining support they can give to the study, for 

example: 

• Extra data collection 

• Measurement of equipment design parameters 

• Installation of test equipment 

• Extra laboratory analyses 

• Compilation and analysis of normally unused operating data. 
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As the study progresses, it is very likely other opportunities for improvement will be 

apparent to the study participants. Conditions must be present to assure these 

ideas are brought forward and allowed to d~velop into proposals that can be 

scoped, discussed and presented. The conditions are: 

• A mutual trust among the participants 

• A knowledge that management will encourage additional studies 

• An atmosphere which assures all groups will benefit from improvements 

When working· within the study group, all participants must understand the different 

viewpoints of the other. It must be understood that an adversarial relationship is 

not beneficial. A team concept must be adopted to allow an open interchange of 

ideas. 

Defining the proiect 

After the process parameters are established, the team must define the pr~ject 

scope. Most companies handle their projects either through a central engineering 

group, contract Engineering or with in-house engineers. Generally it begins with a 

request for engineering. The project design concept and scope of work are 

developed and a cost estimate is made. 

Pro-active communication between the requester, Maintenance, Operations, 

Purchasing and engineering is the key element to the well-defined project and these 

communications must stay open through all phases of the project. 

With good communication between interested parties, a type of partnership 

develops that makes the project a shared success rather than an individual success. 

When a project is strictJy handled by anyone group without much communication 

and approval from others, the project is likely to fail to meet management or 

production expectations. 

As an example, a company was installing a new piece of equipment for additives to 

a process. The job was handled through an on-site engineer, off-site engineer and 

an outside engineering firm. The design and equipment concept was reviewed with 

the plant people at the beginning of the project and detail engineering started. The 
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process drawings were sent to the on-site engineer for review. These drawings 

were then sent to Operations and Maintenance to review. The drawings were 

never returned but the equipment was installed. The project was a limited success. 

The additive was not fed as accurately as Operations wanted. As a result, the 

company spent more for the additive per ton than expected. The company had to 

later change the feeder to a more accurate feeder, originally considered 

unnecessarily expensive, to realize the full potential of the project. 

For the revision, the correct feeder selection was based on the input from the 

Operations, Maintenance, Engineering, the contractor, and the additive supplier. 

The project engineer worked closely with each group to develop a scope of work, 

equipment list, operation scenario, construction schedule and cost estimate. Each 

group shared in the responsibility of getting the right pieces of equipment installed. 

As a result, the feeder started with a minimum of problems and the expected 

savings were achieved. 

Equipment, instrumentation and process selection should be done with input from 

all concerned areas. Selections should be made, face to face, in meetings with the 

various groups and not by sending drawings and specifications for review. Spare 

parts lists should be a part of the quotation packages. With teaming, you can 

expect a minimum of start-up, operating, and maintenance problems. 

Spending Control 

The quality of the cost estimate is a key element to completing projects within the 

budget. Management expects all projects to be completed within the project cost 

estimate. When a project is over budget, even though technically successful, it is 

perceived by management as unsuccessful. 

Several good project management and cost estimating computer programs are 

available to provide the engineer with a good order of magnitude estimate. The 

only caution here is that the output is only as good as the input. If the scope of 

work or equipment is changed after the estimate was made, the project should be 

re-estimated before there is any commitment to spend funds. 

Projects have overrun because the scope was changed after the project was 

approved by management. Management, Operations, Maintenance or Engineering 
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may have decided that the change was needed but never evaluated the impact of 
-I: 

the change on the overall cost estimate. 

As an example, projects involving considerable piping are particularly vulnerable to 

field changes without formal changes in scope documented and evaluated. At the 

time of the change, the reason is always good, but after the change is made and 

the cost is reviewed, the change may not always seem necessary. 

Some projects are over budget before they are ever started. Many times, cost 

estimates are made on a set of preliminary drawings and the contract for the work 

is given based on the preliminary set of drawings. Before the work begins, "Issued 

for Construction" drawings should be given to the contractor and he should quote 

on the changes made since the original bid. A comparison of the new project cost 

to the original estimate may reveal that you have used all the contingency before 

the project ever started construction. 

Another obstacle to spending control is when the capital budget is made without a 

good project cost estimate. This budget estimate becomes the "gospe!." Then, 

when the project is submitted and the estimate is considerably above budget, 

management wants to know why. Sometimes, the project scope is made to fit the 

budget estimate. 

One company we are aware of, makes their capital cost estimates for projects 

without any engineering preparation. As a result, they enter into a project knowing 

that the scope of the project is likely to change and that additional moneys will be 

asked for to complete the project. The project may be a success but how much 

extra did the changes cost because they were done after the construction was 

started? 

We have found that excellent project cost control can be achieved by a three step 

development of the project with increased technical detail. and estimate accuracy at 

each step as follows: 

• A basic, often rough, definition of the project and order of magnitude 

estimate of cost is prepared first. 
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An Engineering study is then done to define and size required equipment aha 
produce a budget estimate of the cost. .; 1",8:'111,' 

Detail Engineering produces construction drawings with a definitive estimate 

prepared when 25 to 40% of the engineering is complete. 

This approach allows a go/no-go decision at each step with a clear definition of cost 

of the next step. It also allows sufficient definition of the cost of each step so that 

an agreement to share the cost of overruns and underruns can cement a partnership 

at all levels of both the operating and contracting company. 

Schedules 

Development of a good overall project schedule with Operations and Maintenance is 

a necessity. Tie-ins and installations must be coordinated with down days and 

turnarounds. Cost estimates must reflect any additional expense resulting from 

waiting for plants or equipment to be available to be worked on. Overtime resulting 

from extended working hours during this time should also be included. 

The key point about schedules is to make sure that the project follows the 

schedule. If it does not, the overall cost of the project can change. A project done 

on straight time is cheaper than one done on overtime. If the project was bid on 

straight time and a portion of the work is to be done on overtime, a change in 

project scope and cost should be approved before doing the work. Many 

construction claims result from schedule changes agreed to without any 

documentation. 

Project Completion . -
Let me ask you. When is a project complete 1 Operations has one idea, 

Maintenance another, Engineering still another. When a project has joint ownership 

and the scope is well defined, the project normally can be closed with minimum 
~ " • !". • • 

stress over the completion point. . . -
;~.:, ::,o "I { . .-. • =.,1 ~ 

There is often some anxiety that outside engineering firms, when working on tilne 

and material projects, will have difficulty in telling the client that the project is 

complete. As a result, the client may tell the engineering firm that their services 

8 



~Ht n." . longer needed before the project is finished and checked. The danger is that 

when it comes time to start up the project, the engineering firm can claim little 

responsibility. We are aware of at least one case where the client had a several 

million dollar plant that could not go into production because it had not allowed the 

engineering firm to complete all the drawings that were needed. 

The same can be true for fixed bid projects. An engineering company may see 

approval of drawings as the end of its responsibility. The client then becomes 

responsible. If the client over looks something, it may not be discovered until after 

construction has started. Field changes are then required to correct the oversight. 

To reduce the anxiety that goes with closing a project, you need to have all parties 

working together. If outside engineering is involved, you need to have confidence 

in that company. The engineering firm should be part of the team and should share 

in the success of the project. Consideration of engineering firms for projects 

sho~Jld be those in which you have confidence that their work is accurate and who 

will \/y,ork with the plant people to make sure the equipment functions as required. , . 

( There are a number of contractural ways to form a project team so that both 

companies can see a clear gain from a successful project and so that both share the 

cost of mistakes. The involvement of the engineering company's engineers with 

representatives of the several groups who make up the project team from the 

beginning and throughout the project, is essential to develop the team atmosphere 

which assures everyone wins. 

c ... 

Document Contro' 

Another key ingredient is maintaining good document control of the drawings, 

equipment specifications manuals and other data relevant to the plant. 

~ .;-r 
Part~~ularly in these days of OSHA, 29CFR 1910.119, a company is required to 

maintain complete process safety information records for hazardous materials. As a 
. .:' !'" 

good practice, all process information should be maintained complete and up-to-

date. To keep the process information current, a designated storage space, file 

room procedures and instructed personnel are needed. 
eml} nc 
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If the process and engineering data is not protected from being removed, tlitilir.p~ri~ 
engineering drawing files and project manuals become void of the most useful 

material. Other engineering and plant personnel are notorious for going through 

plant engineering files, getting what is needed and forgetting to return it. 
. '" . , 

When the plant engineering files are not kept up to-date, each plant department 'WiH' 
end up having their own set of drawings and files that mayor may not be IUp" to

date. 
"' 

The sad part is that the next project has to start almost completely over with new' 

drawings and specifications. 

Unauthorized Change, 
,'.;, It 

Along with maintaining good engineering records, another key eiement is having 

procedures in place that keep plant personnel from making unauthorized changes to 

the process, equipment or procedures. 
,- ' ,,' 

.. i;. ,~" .. -

Management of Change (MOC) documentation is required for the processes that are 

considered hazardous under OSHA Standard 29 CFR 1910.119. This procedure' 

should be used throughout the plant to prevent unauthorized changes. It is vital that 

the project engineering group be part of the MOC review process. 

Requiring the MOC procedure for the facility, not only eliminates most unauthorized 

changes but also helps the plant to maintain good engineering practices and helps in 

keeping the engineering documents current. 

~ . ~ .. "", 

Most of us have seen equipment repaired or replaced without any engineerin{f 

design and or documentation. 

There is a classic example where a maintenance mechanic, thinking that stainless 

steel was better than carbon steel, replaced a carbon steel line with staini~~~iOrily ' 
to have the stainless line fail shortly after being installed. A management fbf; d~~"h~~~:}~" 
procedure would have prevented this failure. 

~;nd'low ::-" - ~ 
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c.··· 
Re-enQineering, in~ovation, downsizing, re-inventing are all words of the nineties 

that really mean that it is a good idea from time to time to step back, take a fresh 

look and evaluate what and how you are doing. It may seem strange to include 

self-evaluation as part of what it takes to have successful projects, but it is 
I " 

necessa~y .. to put "change for the better" into the process. It is also necessary to 

make sure you are doing the best you can for your company, your internal or 

external customers and yourself. As someone once said "No matter how good you 

are, how .muctl ~tter you get, they expect you to be even better next year." Self . . . . 

evaluation provides you with the vision to be better. 

The evaluation should start with understanding what the role of the engineering 

group or the engineer is. Can a clear role or mission statement be identified? Then 

you need .to·ask if you are meeting this role. After answering these questions, you 
," ·, .• • • • 1 ' 

mOV,e 9~ .. tc? the question "Are there improvements or changes that can be made 
• • I'J . 

that will make the company's competitive position better; make the engineering 

group or engineer function better?" 

., . ~ I ~ E·": 
Summary 

The process of re-engineering the engineering functions to remain competitive in the 

nineties and beyond is a process that must be done with a vision. The temptation 

will be to look only at the "now" and not the future. Remaining competitive applies 

to both the present and the future. 

The engineer to function in today's competitive climate must take the initiative to 

make the p[Qiect a success. At the same time, he or she must work together with 
:-~ . ~ r l" , 

all plant personnel and others as a team to complete projects that meet or exceed 

the expectations of their company. 

To reT-ain .fp~petitive, you have to be good at what you are doing. You have to \ &.",,' 2L;.t:': • J ~ r 

unde~~"~~::l Yfpy: you are doing what you do. You have to develop trust with those 

you are working with; both inside and outside the company. You have to provide 

information that is accurate, timely and meets the need of the company and the 

customer. And lastly, you need to always be evaluating how you are doing and 

looking at ways to be better. 
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