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Section 1

INTRODUCTION

1.1 BACKGROUND

The Somali Power Company (ENEE) operates the national electric utility system
in the somali Democratic Republic. The total installed capacity in Mogadishu
in 1985 was approximately 56 megawatts, 12.5 MW of which was diesel-generator
capacity located at the Centrale Power Station and 43.5 MW located at the
Gezira Power Station. 1Included in the Gezira capacity, is 15 MW of steam
turbine-generator capacity, installed in April, 1985. The total system
generation was 110 Gwh in 1985 and the forecasted 1986 generation is 125 Gwh,

The USAID Mission in Mogadishu (USAID) received a request from the Government
of the Somali Democratic Republic (GSDR) for technical assistance in
connection with the operation of ENEE. Outages were reported to be nearing

50 percent of capacity with no evidence that the causes were being addressed
and eliminated. The situation was expected to worsen in the light of the lack
of foreign exchange (hard currency) with which to purchase spare parts to

restore system equipment to normal operation.

Furthermore, ENEE had been unable to expand and improve ii{s organization as
the system had grown. The conditions which contributed to this inability to
expand and improve the organizational functions were the increasing technical
complexity of operation, growing financing needs, unavailability of adequate
foreign exchange and lack of sufficiently trained staff.

1.2 TECHNICAL ASSISTANCE

In response to GSDR's request, the USAID commissioned Bechtel to conduct a
study to determine (a) required ENEE system rehabilitation, (b) improvements
in the current operation and performance of the system, (c) revisions to the
accounting system, (d) customer collection system and, (e) manpower needs and
training requirements. To achieve the objectives, the following tasks were
performed:

(3162H)
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1.

r

4.

5.

6.

Review power demand forecasting and system planning

Determination of the required rehabilitation of the
generation, transmission and distribution systems

Evaluation of the electrical system and billing losses

Assessment of the procurement process, inventory control of
equipment and spare parts availability

Review of financial management procedures, accounting system
and billing and collection procedures

Review of existing manpower training programs and assessment
of manpower needs.

The purpose of this report is to summarize the Bechtel Team findings assembled

under the six tasks and to provide recommendations for system rehabilitation,

operating improvements, organization changes, accounting and financing systems

and procedures revisions.

1.3

REPORT CONTENT

In addition to Section 1, Introduction, the report contains the following

sections and appendices:

(3162H)

Section 2
Section 3
Section 4

Appendix A

Appendix B

Appendix C

Summary of Recommendations
Field Trip Pindings
Detailed Recommendations
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Cost Summaries for Recommended Programs



Section 2

SUMMARY OF RECOMMENDATIONS

The physical rehabilitation of the ENEE generation, transmission and
distribution system, modification of the accounting and billing systems,
restructuring of the ENEE organization and the initiation of effective
manpower training programs will require formidable effort. The recommended
actions required to achieve these ends are briefly summarized in this

section. They are developed at considerable length in Section 4.

2.1 GENERATION SYSTEM
2.1.1 Rehabilitation

(o} Rehabilitate two diesel units (Nos. 6 & 7) at Centrale,
Machine Shcp, Spare Parts (2 years supply)

o Rehabilitate two diesel units (Nos. 2 & 3) at Gezira,
Machine Shop, Spare Parts (2 years supply)

0 Provide chemicals for Gezira Steam Unit (2 years supply)

2.1.2 staffing
o] At Gezira Steam Plant add (1) shift charge¢ engineer, (1)

instrumentation engineer, (1) results engineer, (2)
instrumentation technicians, and (6) apprentices,

0 At Gezira Diesel Plant add (2) shift operators, (2) control
room operators, (1) shop engineer, (2) machinists, (1)
draftsman, (5) maintenance technicians, (1) storekeeper and
(6) apprentices.

O At the Centrale Plant add (2) machinists (3) shift operators
(3) maintenance technicians, and (1) motor winder.

2.2 TRANSMISSION AND DISTRIBUTION SYSTEM
2.2.1 Rehabilitation

2.2.1.1 Primary Distribution System (3 kV and 15 kV):

0 Replace 35 km or existing 3 kv primary system with 15 kv
within Mogadishu

(3160H)



2.2,1.2

2.2,2
(o]

o]

2,2.3

o]

(3160H)

Apply power factor correction (shunt capacitors) to existing
and new 15 kV systems

Apply lightning arrestors at 15 kV overhead line terminations

Add heavy duty surge arrestors at the Gezira generator
busbar and at underground line terminations

Repair and reactivate the pilot wire differential protection
system for Gezira - Centrale - 21 October feeders

Initiate a program of pole barrier installations at high
vehicle traffic location

Reuse 3 kV/380 Vv distribution transformers in smaller
cities, where feasible

Replace all 3 kV indoor substations in the center city by
15 kv/380 V pole-mounted transformers

Establish program of insulator washing and silicon greasing

Secondary Distribution System (380/220V)

Replace 380/220 V secondary distribution, 120 km, in the
center six square-kilometers of the city

Replace the service drops to customers on the replaced
secondary in the center city

Re-examine conductor sizing for 380 V secondary circuits

Install power factor correction capacitors on the 380/220 V
side of 15 kV/380 V transformers

Staffing

Expand Primary Distribution (15 kV) line crews to five

Expand Secondary Distribution (380/220 V) line crews to
eleven

Porm Distribution Planning Section in Technical Department

Mobile Equipment

Secure 17 utility vehicles with crew cabs



2.3

2.3.1

2.3.2

2.3.3

(3160H)

Secure 5 utility trucks with boring machines, and 2 utility
trucks with cranes

Secure 2, 15-ton mobile cranes and 2, S5-ton forklift trucks
Secure 8 jeeps

Secure 8 pieces of cable pulling equipment

Secure one cable trencher

Secure vehicle maintenance equipment

POWER SYSTEM PLANNING

Demand Porecast

Establish immediately a Planning Section as an initial step
towards power system planning capability in the Planning and
Projects Department

Adopt Bechtel Team demand forecasts for the near-term
planning (1986-1988)

Develop trend forecasting and macroeconomic forecasting
methods

System Planning

Develop system expansion plan, 1986-1995

Formulate expansion plan development procedures
Develop three-year expansion plan (1986-88) based on
five-year plan using operating and financial department
inputs

Develop implementing Action Plans for involved ENEE

Departments

Capital Expenditure Prediction

Develop capital expenditure prediction, 1986-1995
Formulate capital expenditure prediction procedures

Develop three-year capital expenditure prediction (1986-88)
using planning and financial departments

Develop implementing Action Plans for involved ENEE
Departments

2=-3



2.4

2.4.1

2.4.2

2.4.3

2.5

2.5.1

(3160H)

PROCUREMENT AND INVENTORY CONTROL
Commercial (Procurement) Punction
=2ercial jrrocurement) Function

Simplify purchase requisition approval procedure for foreign
purchases

Simplify the procedure for approval of foreign exchange

(hard currency) for purchase of foreign equipment and
services

Commercial Accounting Function

Define interfaces between the Commercial (Procurement)
Accounting Section and the Accounting Services Section of
the Finance and Administration Department

Establish classification policies and practices for either
expensing or booking plant equipment replacement

Stores Function

Develop improved storage methods and facilities and orderly
yard marshalling practices for consumable materials and
equipment

Modify and update the stock control system differentiating

between planned maintenance stock and unscheduled outage
spares.

ACCOUNTING AND FINANCIAL MANAGEMENT SYSTEMS
Customer Billing, Collections and Accounting
Change all manuscript customer records to typewritten form

Automate bill computatjion and preparation to reduce bill
preparation time

Initiate a two-shift operation with improved work flow

Pormulate and implement a disconnect policy for delinquent
bills

Separate the jobs of meter reader and bill collector
Eventually, pay all customer bills at ENEE local offices
Government agencies and corporations should prepare annual

electric energy budgets and develop system to pay bills
promptly when received.

2-4



2.5.2 Plant Accounting and Property Records

0 Develop detailed plant account records

o Prepare plant accounting manual identifying interfaces
between procurement accounting and plant accounting

o Develop property record instruction manual and conduct a
system-wide plant inventory
2.5.3 Income Statements and Balance Sheets
0 Re-format and footnote Income Statements and Balance Sheets
0 Reduce unpaid bill accounts receivable to 90-days of revenue
o Modernize depreciation accounting system

o Prepare annual financial reports which respond to lending
and donor institution requirements

o Establish ENEE internal auditing function

2.5.4 Pinancial Management Procedures

o Install and document a system for capital requirements
forecasting

o Install cash-flow forecasting system

0 Document financial policies

0 Develop comprehensive Financial Planning program

0 Create both a controller function andé a financial planning

function

2.6 ORGANIZATIONAL REVIEW AND ANALYSIS

2.6.1 Orgqanization Audit

o Engage a management consulting firm to perform a thorough
organization audit

o Implement organization changes shown in Figure 4-2, Section 4

2.6.2 Organization Analysis

O Prepare and do:ument corporate objectives, departmental
functions, general orders and routine operating instructions

(3160H)
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2.7
2.7.1

0

2.7.2

(3160H)

Transfer all management of ENEE generating stations to the
Technical Department

Staff Planning and Projects Department w'th personnel to
perform long-range system planning and project management

Create a Distribution System Planning Section in the
Technical Department

Enlarge Accounting Services Section in Finance and
Administration Department

Perform procedures analysis of the Billing Services Section
and implement changes

Implement improved operating interface between the
Commercial Accounting Section of the Commercial Department
and the Accounting Services Section of the Finance and
Administration Department

Establish personnel planning and organization planning
functions in Personnel Department

Reorganize the Regional and Districts Department functions
to parallel the department functions at ENEE headquarters

MANPOWER AND TRAINING

Manpower

Conduct a manpower needs assessment etipulating manpower
required over a reasonable time period

Analyze required job skills and prepare job descriptions by
labor classification for entire organization

Prepare job performance standards and skills qualifications
tests for vocationa)] jobs.

Implement an employee performance evaluation program

Training Programs

Prepare and implement vocational, technical and engineering
training programs for generating system personnel

Prepare and implement vocational, technical and engineering .

training programs for transmission and distribution system
personnel

2-6



2.8

2.9

(3160H)

Prepare and implement middle-manager and senior manager
development programs

Establish a permanent ENEE vocational and technical training
organization.

MANAGEMENT ADVISORY SERVICES

Engage a management consulting firm to provide advisory
services in organization planning, financial management,
accounting systems and personnel management. This should be
a two-year program, minimally.

ESTIMATED COSTS OF PROGRAM RECOMMENDATIONS

The estimated cost of the ENEE power system rehabilitation
program is $12,372,000

The estimated cost of the vocational training program is
$1,271,200 for a period of two years

The estimated cost of the management advisory services
program is $1,398,600 for a period of two years

2=7



Section 3

PIELD TRIP PINDINGS

In response to the pressing need (a) to improve the reliability of the ENEE
power system, (b) to increase the efficiency of the customer billing and
collection systems, (c) to increase the effectiveness of the accounting and
financial management systems, (d) to restructure the organization functions,
and (e) to train additional utility manpower, AID requested that Bechtel send
a team to audit the ENEE organization and the power system operations. Based
on this field inspection and audit, the Bechtel team developed a series of
findings in the areas enumerated above.

3.1 GENERATION SYSTEM

The ENEE generation system, serving Mogadishu, consists of two thermal power

plants, the Centrale Plant and the Gezira Plant.

J.1.1 Plant Operation

The present operating status of the Centrale and Gezira diesel sets and the

Gezira steam unit is shown on Table 3-1.

3.1.1.1 Centrale Station. Centrale diesel sets Nos. 1 through 4, installed
between 1959 and 1964, have exceeded their design life of 20 years and show
8igns of significant wear. The sets use light diesel oil and their present
generation capacity is approximately 668 of their rated installed capacity.
Moreover, two older sets (No. 2 and No. 3) have been out of operation for
several years. Because of their higher fuel cost and lower generation
capacity, these sets are operated only during serious emergencies.

The Centrale djesel sets, No. 5 through No. 8, are comparatively new, being
installed between 1968 and 1977. Because of both their intensive use and
problems with auxiliaries, these sets Ate capable of generating only 83% of
their installed capacity. Originally these sets used light diesel fuel.
However, since 1983 they have been operating on heavy fuel, except during

(3150H) 3-1
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CEWTRALE STATION

Bake & Model

Duetz 6 cylinder inline

diesel, 273 rpm, model

BV6N3I66 alternator manu-

factured by Pellizari
Deutz 12 cyliner ‘v’
diesel, 375 rpm, model
BV 12K350 alternator

manufactured by Pellizari

Total

Table 3-1

CENTRALE AND GEZIRA DIBSEL SET AND STEAN UNIT INFORMATION

Type of
Fuel Used

Light diesel
Light dlesel
Light diesel
Light diesel
Reavy oil &
light diesel
Heavy oil &
light diesel
Heavy oll &
light dlesel
Beavy oll &

(1) Uses light diesel only during set start up, and shut down and problem with heavy fuel system.
(2) Wot operable due to major breakdown, and requires rehabilitation.
(3) met generation capacity of Centrale Station = 9,200 WW.

(4) Mot operable due to major breakdown and requires rehabilitation.
(5) Net generation capacity of Gezira diesel = 23,200 W,

GEIIRA SYATION

Set o, Bake & Nodel

1 Mirrlees-Blackstone
16 cylinder diesel,

2(1) 500 rpm, model KV16
major manufactured by

3(1) Brush.

4(1)

s(1)

Steam BAC steam turbine

Turbine Lentjeb boller

Total diesel
Total steam

Type of
Puel Used

Light diesel &

heavy oil

Light diesel &

heavy oil

Light diesel &

heavy oil

Light diesel &

heavy oil

Light diesel &
Heavy oil

Number of
Hours
Year of Installed Maximum House Operated
Initial Capacity Output Load up to
Operation (kW) (kW) (kW) 2-25-86
1964 960 650 108,506
1959 960 650 128,144
1959 960 650 132,809
1963 960 650 600 123,666
1977 2,160 1,800 35,308
1968 2,160 1,800 66,892
1974 2,160 1,800 41,948
1974 2,160 1,800 44,426
12,480 9,800(3) 600
Number of
Hours
Year of Instslled Naximum House Operated
Initial Capacity Output Load up to
Operation {kW) (kW) (L)) 2-25-86
April 1979 5,500 5,000 29,182
Pebruary 1979 5,500 5,000 23,642
Decesber 1978 5,500 5,000 1,500 30,880
December 1978 5,500 4,700 20,655
April 1984 5,500 5,500 4,871
April 25, 16,000 16,000 1,000 7,486
1985
27,500  24,700(5)
16,000 16,000

Remarks

Mot operable(2)
Not openble‘z’

Not operable(2)

No operable(2)

Remarks

Will be ready for
operation by ril 1986
Mot operablef

Mot operable(4)

Lost hours = 146
{(from April 25, 1985
to March 7, 1986)
avajlablility - 98%



start up and shut-down when light diesel oil is used. Again, because of lack
of spare parts only sets No. 5 and No. 8 are now operating. Sets No. 6 and
No. 7 are not operable because of alternator problems. Some of the auxiliary
systems also have operating problems such as the retarded flow of heavy fuel
oil from storage tanks at lower tank level. However, these problems have not

resulted in engine shut down.

The Centrale Station has a number of small and medium-size shops for the
maintenance and repair of engines and electrical components. These shops are
equipped primarily with antiquated equipment. Only a few newer pieces of
equipment have been installed in some of the shops, such as a fuel pump
testing unit. A list of the major equipment is shcwn on Table 3-2. Due to
lack of proper tools, equipment and materials, it is not possible to
manufacture engine components in these shops. Only minor machining, equipment

maintenance, and small motor winding are possible.

The Stores Department is under ENEE Technical Department administration but
has only a marginally acceptable manual material control system. It carries
all the parts for Centrale Station and some of the parts of Gezira Station.
Because of foreign currency shortage, i.e. no funds available to replenish
failed parts, the stores inventory for equipment maintenance and repairs is
dangerously low. As a result, some of the parts from currently immobilized
engines are being used to maintain the remaining operating engines.

3.1.1.2 Gezira Station. Gezira Station, consisting of a 27.5 MW diesel plant
and a 16 MW steam turbine plant is in better operating condition than the

Centrale station.

The five diesel engines, Nos. 1 through 5, 5.5 MW each, are larger than the
Centrale units and were installed between 1979 and 1984. These engines, were
designed for heavy fuel oil and are generating at approximately 87% to 90% of
their rated capability. These engines use light diesel fuel oil during start
up and shut-down. Inherent problems have developed during the operation of
these engines. Two such problems are:

0 Shorting of the alternator windings, and

(3150H) 3=3



Table 3-2

MACHINE SHOP EQUIPMENT STATUS - CENTRALE STATION

MACHINE TOOLS

Item
No. Description Quantity
1 Turning lathe 4
2 Shaping machine 1
3 Horizontal milling machine . 1
4 Reciprocating power saw 1
6 Circular saw 1
7 Pedestal drills 2
8 Portable air compressors 2
9 Puel pump test machine 1
10 Small motor winding machine 1
11 Small baking chamber 1
12 BElectric welding machine 1
EQUIPMENT
Item
No. Description Quantity
1 BOT crane 10 ton capacity 1
for small diesel engines
2 EBOT crane, 22 ton capacity 1
for large diesel engines
3 Manually operated 5 ton crane 1
crane for old engine shop
4 Manually operated 5 ton crane 1
for loading and unloading
transformers (for repair)
5 Engine operated 6 ton capacity 1
mobile crane
3-4
(3lé8m)

Equipment Status

Working condition but very
0ld; mostly line shaft
operated

Working condition but very
0ld; mostly line shaft
operated

Working condition but very
0ld; mostly line shaft
operated

Working condition but very
old; mostly line shaft
operated

Working condition

Not working

Working condition

Working condition

Working condition

Working condition

Working condition

Equipment Status

Working condition
(installed in 1959)
Working condition
Not working

Not working
Working condition

Rev. 1 3-8-86



o] Pailure of the intermediate gear drive brackets.

Both problems have been referred to the manufacturer who, in turn, has
Suggested that the alternator coil burning may have been caused by lightning
strikes. In accordance with the manufacturer's recommendation, lightning
arrestors were added to the generator buses. The intermediate gear bracket
failures are still under investigation. It is ENEE's opinion that the Brush
Co. 15 kV alternators were a first-time design for this application.
Regarding the bracket failure, ENEE thinks that inferior materials were used.
These diesel engines have developed a history of frequent emergency shut-down
and high spare part consumptlon rates, as well. A typical example of the
failure rate is shown on Table 3-3, Emergency Shut Down and Lost Generation
Hours, Gezira Diesel Engine No. 1. As a result of frequent shutdown and
repair most of the stock of spare parts have been consumed. Only two out of
the five engines are now in operating condition; however, engine No. 1, which
is being overhauled, should be ready for operation by April, 1986. Engines
No. 2 and No. 3 will require extensive rehabilitation before restoration to

service,

The 16 MW steam turbine plant at Gezira was commissioned in May, 1985 and is
operating as a base load unit. Under the terms of the contract with Brown
Boveri Corp. (BBC), all spare parts required for two year's operation of the
pPlant will be provided by the contractor. All chemicals required for water
treatment, chemical laboratory, etc. are provided by BBC, but for only one
year operation. With the exception of a few minor short-time emergency shut
downs, the unit is operating successfully. However, during an early Team
plant visit it was noticed that one of two, full capacity cooling water pumps
was out of service due to impeller and Journal bearing damage, and the other

pump was experiencing vibration and shaft water seal problems.

The machine tools in the Gezira diesel plant maintenance shop are more modern
than at the Centrale Plant. However, they are not fully utilized because of
the lack of cutting tools and miscellaneous steel materials required to
manufacture diesel engine components. A list of the machine shop equipment is
shown on Table 3-4,
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Table 3-3

EMERGENCY SHUT DOWNS AND LOST GENERATION HOURS -~ GEZIRA DIESEL

ENGIN® NO. 1, PROM JULY 2, 1984 THROUGH JUNE 14, 1985
(SHOWS TYPICAL PROBLEMS WITH GEZIRA DIESEL STATION)

Date

July 2, 1984

August 10, 1984
August 12, 1984
August 21, 1984

September 9, 1984
September 22, 1984

October 14, 1984
October 16, 1984°

November 12, 1984

November 14, 1984

November 18, 1984
December 21, 1984
December 26, 1984
January 7, 1985

January 8, 1985

January 28, 1985
January 30, 1985

Pebruary 8, 1985
Pebruary 23, 1985
March 4, 1985
March 16, 1985

(3170R)

Description

Stopped engine for bearing lube oil
pressure check, also changed valves.
Engine shut down for cylinder head crack.
Replaced cylinder head.

Changed another cracked cylinder head.
Engine shut down.

Changed one cylinder head and exhaust
valves.

Changed lube o0il system.

Cracked intermediate gear bracket.

Engine shut down to change bracket and
gear.

Changed exhaust valves of B4 cylinder head.

Changed one cracked cylinder head and

changed exhaust valve under fuel injector.

Changed complete lube o0il system and
changed lube o0il.

Stopped engine for lube o0il low pressure.
Checked large end clearnances of A and B
banks cylinders Bl and B2 large and end
clearance lower than normal.

Changed lube o0il pump.

Pressure test of Bl cylinder fuel injector

Changed A4 cylinder exhaust valve

Changed cracked head of A4 cylinder

Investigation of large end clearance

Changed exhaust valves of B6 cylinder head

Changed cracked sheve of B6 cylinder fuel
injection valve

Changed B2 cylinder exhaust valves

Changed Al cylinder head ring

Changed A2 cylinder exhaust valves

Changed rubber rings, top chrome rings,
compression and oil rings of B2, B3
and BS lines

3-6

Lost
Generation

Hours

2.5

6

6

6

12
144

@ N

12



Table 3-3 (Continued)

Lost
Generation
Date Description Hours
March 30, 1985 Changed exhaust valves of A6 cylinder 2
April 7, 1985 Changed exhaust valves of A6 cylinder 2
April 28, 1985 Changed cracked cylinder head, exhaust 48
valves, push rod and rocker of B2
cylinder . Same problem noticed
after start up and parts were changed
again. Noticed broken studs between
piston crown and skirt and damaged
cylinder liner of B2 cylinder. Changed
B barnk turbo charger.
May 16, 1985 Engine stopped by itself due to damaged 2
overspeed governor.
May 18, 1985 Changed shuttle valve in the control panel. 0.5
May 26, 1985 Changed A5 cylinder exhaust valves. 2
June 14, 1985 Studs between piston skirt and crown of 2

A3-cylinder were broken. This damaged
piston liner. On June 15, 1985,
decision was taken to overhaul

engine #1.

(3170H)
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Table 3-4

EXISTING MACHINE TOOLS AND EQUIPMENT FOR DIESEL PLANT MAINTENANCE

GEZIRA STATION

MACHINE TOOLS

Item
No. Description
1 Turning lathe
2 Reciprocating power saw
3 Pedestal grinder
4 Pedestal drills
5 Air compressor (30 bar)
6 Fuel injector pressure
testing machine
7 Valve grinder
8 Electric welding machine
(portable)
9 Baking oven
EQUIPMENT
Item
No. Description
1 Diesel engine maintenance EOT
crane, 25/5 ton capacity
2 Monorail with 1 ton capacity
hand chain block and
trolley for machine shop.
3 2 ton capacity battery
(3168H)

Quantity

Quantity

3-7

(o I SV I R SP Ry W

[

1

1

Equipment Status

Working condition
Working condition
Working condition
Working condition
Working condition
Working condition

Working condition
Working condition

Note: This oven

has not been operated by
plant maintenance
personnel.

Equipment Status

Working condition

Working condition

Not working due to out of
order battery. Also
battery charger is out of
order.

Note: Hand carts from
steam plant are now being
used to move parts from
engine shop to machine
shop and vice versa.



3.1.1.3 Plant and Equipment Maintenance and General Cleanliness at Both

Stations. Because of the overall shortage of generation capacity and spare
parts, a systematic preventive maintenance of the engines, as recommended by
the manufacturers, has not been performed. In addition, the following major
operating deficiencies were obsgerved:

0 While there are record systems to log engine breakdown and

maintenance, the details available were not fully explicit
for future review and usage and were incomplete.

0 Due to lack of funds, adequate stocks have not been
maintained except at Centrale Station main stores.
Equipment and spares were not stored in an orderly manner.

0 During emergency and preventive maintenance, disiantled
engine parts were not stored and handled properly.

(o] Damaged and broken parts were not disposed of, and were
scattered over the plant operating floor.

o Equipment which is readily corroded by the salty atmosphere

is not properly cleaned and coated to prevent further
deterioration.

3.1.2  Manpower

The present organizations and manpower for the maintenance and operation of

Gezira and Centrale stations are shown on Figures 3-1 and 3-2 respectively.

3.1.2.1 Gezira Plant. Reporting to the plant superintendent at Gezira

station, are two separate groups, one for the operation and maintenance of the
diesel plant and the other for the steam plant. Most of the supervisory
personnel for the steam and diesel plants are college educated. Almost all of
the steam plant personnel were trained by the plant design consultant, either
overseas or during construction and commissioning of the plant. Most of the
steam plant maintenance and operating personnel are from technical schools.
During the first years of operation of the steam plant, seven out of sixty
t}ained technicians left the company. The diesel plant, on the other hand, is
maintained and operated by a group consisting of only a few skilled
technicians and a large staff of unskilled labor. To assist in the
maintenance of the diesel engines, Mirrlees, the manufacturer of the engines,
has seconded two of its maintenance technicians to ENEE for two years., Two
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engineers have been seconded to ENEE by BBC of Germany for the maintenance and
operation of the steam plant. A walk through the steam plant gave a
satisfactory impression of the operation and housekeeping. The diesel plant,
on the other hand, gave an impression of unsatisfactory housekeeping.

However, the difference is largely due to the inherent nature of each plant.

3.1.2.2 (Centrale Plant. The Centrale station is a diesel plant which evolved
from'an old steam engine plant. 1Its configuration includes four small

(960 kW) and four large (2.2 MW) diesel engines. Discussions with the plant
supervisors proved that they are "old hands® and competent and most of the
workers are semi-skilled. Earlier the staff had a turnover of 30% per annum,
but has now stabilized. A walk through the shops revealed unsatisfactory
housekeeping and poor record keeping. Management personnel of both plants
(Centrale and Gezira) complained about the shortage of skilled and responsible

personnel for the maintenance of the diesel plants.

3.1.3 Conclusions

3.1.3.1 Plant Opurations. It is clear that system maximum demand is limited

by generation capacity. Because of the existing capacity limitation, any
unplanned outage of the operating generators will require load shedding.
However, if funds are made available to rehabilitate the two newer engines at
Centrale and the two engines at Gezira, the power supply situation will
improve through 1989 provided that maximum demand does not exceed the
predicted demand and unplanned outages of the steam turbine unit are kept to a
minimum. The rehabilitation will also provide an opportunity to conduct
preventive maintenance on the diesel engines and the steam turbine. The
expected peak demand by the year 1990 will require additional units (see
Section 3.3). Considering present diesel and steam turbine operating
experience, a 15 MW steam turbine will be more effective than one or two large
diesel engines. By the time the second steam unit is installed, ENEE
engineers and operators should have gained adequate experience in steam plant

operation.
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A one-time rehabilitation of the diesel engines will obviously not solve the
power supply problem. Considering the high outage rate and maintenance
requirements of the diesel engines, an adequate supply of spare parts will be
required to keep these units running. Also machine tools and maintenance
equipment, not presently available for preventive and emergency maintenance,

are required.

Housekeeping, data collection, preventative maintenance, improved plant
performance with proper planning and utilization of modern technical know-how
to meet future growth and development are very important and requirements must

be implemented.

At present, it is true that the performance and availability of the steam
plant is much greater than the diesel-engine plant. In due course, however,
the outage rate of the steam plant may increase. If proper maintenance of the
much more sophisticated equipment in the steam plant is not performed, the
outage rate of steam plant (failure of boiler tubes and erosion and corrosion

of turbine blades, etc.) can be expected to exceed that of the diesel plant.

Chemical supplies required for steam plant operation and the chemical
laboratory are running alarmingly low. A steam plant is not only a mechanical
and thermal system but also a chemical system and requires large quantities of
chemicals to maintain water quality. It is, therefore, essential for ENEE
management to understand the importance of the chemicals to steam plant

operation and take the necessary action to replenish chemical supplies.

3.1.3.2 Manpower. From the Gezira steam plant organization chart and from
the discussions it is generally concluded that the steam plant has a group of
trained supervisors, operators and technicians. However, weaknesses have been
observed in the following staffing:

Both an instrumentation and control engineer and a

technician are needed. It is understood that only one

instrumentation technician is now avajilable for the steam

Plant which with its large number of instruments and

controls is beyond the capability of the technician to
service.
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O Results engineer is needed. The steam station requires
monitoring of plant and equipment efficiency and plant
betterment which is the function of a Results Engineer,

0 Station now operated by only two shift-charge engineers.

0 No apprenticeship program for technician training and no
provision for backup technicians available

The Gezira diesel plant, which has a record of many emergency outages needs
skilled technicians and operators. Furthermore, an apprenticeship program is
needed to train technicians. The Stores Department is now totally

disorganized and needs trained storekeepers.

The conditions at Centrale Station are similar to those at the Gezira plant.

It needs a large number of skilled technicians and opefators.

3.2 TRANSMISSION AND DISTRIBUTION SYSTEMS

Currently the ENEE transmission system consists of two, 33 kV lines connecting
the Gezira steam and diesel plants, a 33kV line connecting the Gezira power
station with the West End substation, a 33 kV line (operating at 15 kV)
connecting the West End substation with che 2lst October substation and a
series of 15 kV lines connecting t*= 7-»i - Station with the Centrale Station
and the 21st October substat:.n. There are 15 kV feeders connecting the
refinery and the urea plant to the 15 kV bus as the Gezira power station. A
one-line diagram of the ENEE transmission system is shown on Figure 3-3,

The distribution system consists of both 3 kV and 15 kV primary lines
throughout Mogadishu and its environs. Presently the 3 kV system is being
converted to 15 kV. The secondary system consists of a 3-phase, 380/220 V
system with a grounded neutral. The distribution transformers are both
pole-mounted (newer installation) and pad-mounted (older installation). The
pPrimary and secondary circuits are carried on a variety of wood, metal and
concrete (newest) poles. Transformers are fused and service drops are fused

(however, many of the fuse-holders have been *hard-wired" to replace fuses).
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3.2.1 System Conditions
3.2.1.1 Primary Distribution System (3 kv and 15 kV). 1In general the

condition of the primary 3 kV lines is better than that of the secondary

(380/220 V) lines; however their condition is not completely satisfactory. 1In
fact, the 3 kv lines show all the corrosion problems of the secondary lines
but to a lesser extent. The steel poles of the 3 kV lines are often in a poor
state due to vehicle impact damage. Approximately 70 percent of the poles
show some damage and 30 percent show damage to the extent that the pole's

mechanical strength is impaired.

The 15 kV lines are erected on steel reinforced concrete poles with the
conductors, in horizontal formation on upright insulators. Some of these are
already showing signs of impact damage. Some protection of line poles

situated along roads should be provided.

The environment is salty and very dusty, consequently overhead line
insulators, even on new lines, accumulate thick deposits of dust and salt,
which leads to numerous flashovers in damp conditions. Until insulator
washing can be employed on these lines, some other means such as deep skirt

insulators or washing and silicon greasing should be employed.

In the 3 kV system, the conductors are undersized, insulation is poor and the
circuits are overloaded. This system is no longer adequate and is being

progressively replaced by the 15 kv primary.

Pew of the 3 kv or 15 kV primary lines are protected by lightning arresters.
Lightning surges on the 15 kV lines can cause Gezira generator winding damage
via the 15 kV busbars. The only protection provided is the cable between the
lines and the busbars.

The 15 kv lines carry an aerial ground wire which is grounded at every third
pole. This ground wire is hung below the phase conductors and cannot,
therefore, provide any circuit protection against lightning. The ground

wire's purpose is to ground the crossarm and the pole's reinforcing steel.
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The 15 kV/380 V pole-mounted transformers are in reasonably good condition.
In Mogadishu the 3 kV/380 V transformers are housed in small buildings, or
postes and the condition of these buildings range from fair to very poor. The
housekeeping at a number of these buildings visited was very poor and are
depositories for old and broken equipment and hardware. None of the
transformers, at either 3 kv or 15 kV, were adequately screened and live

conductors were dangerously within reach.

At many transformers both the primary and secondary fuses are missing from one
phase due to a shortage of fuses. Where this occurs the fuse carriers have
been bypassed with wire, creating a real possibility of distribution
transformer damage at the time of a fault.

The system protection is generally conventional. Although the lines between
the Gezira and Centrale stations and between Gezira and 21 October substation
have balanced differential, timed overcurrent, and sensitive earth fault
protection, the pilot wire cables have been damaged so these feeders are
relying upon timed backup protection only. Other 15 kV lines are protected by

either relays or by fuses.

The lack of lightning arresters on the 15 kV system is of grave concern. This
is a particular problem at Gezira where the diesel-generators are connected
directly into the 15 kv busbar to which overhead lines are connected. As
mentioned earlier the ground wire on the 15 kv lines, because of its location

does not provide lightning protection.

3.2.1.2 Secondary System (380/220 V). There are some secondary lines of new

modern construction, however most of the older secondary lines are in a very
poor physical state, seriously overloaded and improperly mounted. Replacement

rather than rehabilitation is required.

The general state of secondary circuits can be characterized by:

0 Line lengths tend to be long because of use of large
distribution transformers (200 kVA average) and extensions
to match the distribution transformer capacity. We have
estimated, from discussion with ENEE people and observation,
that secondaries are in the order of 2 km per distribution
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transformer and much longer in many cases. Conductor sizes
are small and result in unacceptable voltage regqulation for
the users. This is particularly so in the "old city" area.

0 The line hardware shows exteme corrosion to the extent that
some crossarms and insulator pins have either failed or are
failing.

O The lines use in:.dequate glass or porcelain insulators, many
of these are broken.

o The poles are of two types, tubular steel or wood, and the
steel poles near the ocean are so badly corroded that they
are in danger of collapsing. Many poles show severe vehicle
impact damage. About one in ten wood poles show signs of
termite attack and many require steel plate supports driven
into the ground.

© Line ground clearance in some cases is as little as 2-3 m
due to sagging poles.

O Overloading of conductors has led to annealing and
embrittlement resulting in conductor failures.

© The service drops from the secondary are frequently in poor
condition and will require replacement.

3.2.1.3 Transmission System. Pregsently the Gezira station, in addition to 15
kV lines, is tied into the 21 October substation and the West End substation
by 33 kv transmission lines. These are lines of modern design using concrete

steel-reinforced poles with properly sized conductors and insulators. aAs in
the case of the 15 kv primary, however, the grounding wire does not provide
for shield protection and there are no lightning arrestors on the 33 kv
lines. The 15 kV lines from Gezira to Centrale have been constructed and
insulated for 33 kV operation once the second 16 MW steam unit is completed.
There are no current rehabilitation needs for the 33 kV lines.

Extension of the 33 kV system to a new East End substation, the completion of
the 33 kV line to Afgoi and the construction of the 45 km 33 kV line to Balad
is beyond the scope of this rehabilitation program. However, the installed
cost of these lines together with substation and distribution system are shown
in Appendix C.
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3.2.1.4 Mobile Construction and Maintenance Equipment. The inventory of

currently operating ENEE mobile construction and maintenance is completely
inadequate. At present both maintenance work and new lines construction is
greatly curtailed. In many instances, existing mobile equipment is in a poor
state of repair due to a lack of spare parts or because work demand prevents a
release of the mobile equipment for preventative maintenance and repair. The
lack of equipment contributes to reduced efficiency causing higher costs, less
productivity and delays in completing needed work. The provision of needed
mobile equipment for lines construction and maintenance should be one of the
fastest ways to improve the reliability of the system, and equally important,
reduce the duration of outages. Currently, there are only 15 pieces of mobile
equipment (see Table 3-5) to service the Mogadishu area with its 40,000

customers.
3.2.1.5 Workshop. The workshop at 21 October substation for mobile equipment
repair is essentially nonexistent and what maintenance equipment is available

is in a serious state of deterioration.

3.2.1.6 Pole Manufacturing Plant. The plant presently manufacturers 10 poles

every two (2) days, six 12 meter poles and four 8.5 meter poles. Presently,
the bridge crane, concrete mixer and bar shears are in need of major repair,
Furthermore, a two-year supply of spare parts will be needed for the bridge
crane, concrete mixer and bar shears. Additional pole moulds and a second
shift operation will be required if the demand for poles for primary and
secondary distribution lines is to be met in the Mogadishu area. Furthermore,
it was observed that the plant requires a works manager with an engineering
background if efficient operation of the plant is to be achieved.
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Table 3-5

EXISTING LINE MAINTENANCE AND CONSTRUCTION MOBILE EQUIPMENT

Vechicle Age (years)
Diesel Land Rover 1
Diesel Land Rover 1
Diecsel Land Rover 1
Diesel Land Rover 5
Diesel Land Rover 5
Toyota Land Cruiser 10
Fiat Lorry at Central PS 1
Piat Lorry at 21 oct s/S 1
Bedford Earth Boring Machine 1
Fiat Trailer 110NC for pole transportation 9
FPiat Lorry with 1-2 tonne crane 9
Birdelli Mobile Workshop 11
Van 4
Jones 6 Tonne Crane 8
Coles 25 Tonne Crane 2

Six old Land Rovers are out of service and are irrepairable,

J.2.2 Manpower

ENEE is greatly restricted in the number of operating line crews for primary
(15 kV) and secondary (380/220 V) line construction and maintenance. The
number of crews and staffing as of March 1986 are shown in Table 3-6. The
Projection of needs for replacement and rehabilitation construction of the
existing secondary system in the central city (6 sq. km), the timely
completion of the primary 3 kv to 15 kV conversion and the expansion of the
system together with system maintenance will require approximately 16 crews,
totaling 104 men. There is no formal lineman training program being used in
ENEE. What training is achieved is *on-the-job training® with no classroom
training.
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Table 3-6

ENEE LINE CREWS AND STAFFING

MARCH, 1986
Number Number
Crew Type of Crews of Persons

15 kV/3 kV Primary Crews (HV) 4 25
380/220 V Secondary Crews (LV) 7 33
Station Crews 2 8
Substation Crews 1 8
Street Lighting Crew 1 4
Estimating Group Y ._6
Total 16 84
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The line crews are poorly equipped with insufficient handtools to keep the
crews fully occupied. Purthermore, due to a serious lack of utility crew

vehicles and mobile equipment, crews experience considerable idle time.

3.2.3 Electrical System Logses, Voltage Regulation and Faults

A review of apparent gross system losses, by comparing kWh generated with kWh
billed, indicates a range of 20 to 30 percent losses, which is unacceptably
high by modern utility operating standards. It was not possible to determine
whether losses were primarily technical, i.e., system IZR, or nontechnical,
i.e., not billed or unmetered. It is apparent that both are major, and that
by proper attention to billing practices and improvement, particularly of the
secondary system, these can be reduced reasonably to possibly 15 percent of

annual generation.

Primary distribution losses can be reduced considerably by application of
shunt capacitors at strategic locations in the system. It appears that by
application of about 5000 kvar of capacitors, system power factor and voltage
regulation can be improved to the level of modern distribution system

standards.,

Voltage regulation is significant which results in excessive, premature motor
failures, e.g., air conditioners and refrigerators. System voltage regulation
is almost entirely uncontrolled and subject to line loading. No intentional
applications of shunt capacitors, i.e., improving power factor, or regulating

transformers, has been provided thus far.

As reported by others, distribution transformers are not loaded with due
consideration given to transformer capacity. Because of recording
deficiencies, as noted before, it is expected that these previous observations
are true and that more attention needs to be paid to balancing loads.

Because of environmental conditions such as high levels of dust and humidity,

there is a frequent incidence of faults, such as flashovers in all exposed

O.H. systems. Many of the faults in the primary and secondary distribution
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lines are caused by insulation failure. It js reported that, on the average,
150 primary circuit fuses are blown every month. This is five to seven times
the normal rate of fuse replacement in primary distribution circuits., Neither

faults nor fault repair times have been recorded.

3.2.4 Distribution Planning

Early in the investigation it became obvious that recordkeeping for any
purpose was lacking. There were no system single line diagrams. Distribution
maps prepared by Kennedy and Donkin in 1985 were not being updated, nor were
copies available. Inventories of installed equipment or spares were not

available,

It is necessary to have a system of records for the purpose of establishing
plant investment status as well as maintenance requirements. We suggest that
a pole numbering system be adopted and property maps be prepared showing
location of all poles, distribution transformers and secondariecs. Equipment
record cards should be prepared for all poles, transformers, sectionalizing
equipment and meters in the systems. There is no Distribution Planning

Section in ENEE undertaking this essential work.

3.3 POWER SYSTEM PLANNING

Although a Planning and Projects Department, including a Planning Services
Section, is identified on the ENEE Organization Chart, the Planning Services
Section has not been established. Consequently, no power system planning is
currently being undertaken by ENEE. ENEE management is depending upon the
system planning, load forecasting and capital expenditure predictions prepared
by the Societi Generale Pour L'Industrie (SGI), August 1985. The forecasts,
plans and capital estimates prepared in the SGI report now require up-dating.

3.3.1 Demand Porecasting

The only attempt at demand forecasting has been a one-year forecast for a
tariff adjustment study in late 1985, Historical data for demand and sales
trends have not been compiled either in total or by customer class, and no
attempt has been made to assemble future large customer demand and energy
requirements. Presently, in ENEE no department has been assigned the
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responsibility for demand forecasting; nor, is it within ENEE's immediate
plans to develop a disciplined load forecasting program. Much of the
disinterest in forecasting stems from the knowledge that funds will not be
available to invest in system expansion, therefore the effort spent in

planning is, in a sense, futile.

Por purposes of developing a 10-year system expansion plan, the Bechtel team
developed two trend forecasts, one using a "realistic" growth rate and another
an "optiri~tic® growth rate. These forecasts are shown in Table 3-7. Both
forecasts are based on a supply-driven philosophy, since Somalia will not have
a positive balance of payments position in the foreseeable future. The
realistic scenario is based on the condition that all donors and lenders will
respond very cautiously to Somalia's requests for hard currency grants and
development loans in light of Somalia's recent default on servicing the debt
at the Gezira steam plant. The optimistic scenario is based on implementing a
policy, as yet undefined by the Somali government, to make debt service in the
power sector a high priority item in order to secure further donor credits and
development bank loans for the power sector. It should be emphasized that
these are trend forecasts and are not based on macroeconomic data or known
customer class growth. In the light of the fact that basic data are not
available, and the short period available for this investigation, the trend
forecast technique, based on the assumed economic environment, offered the

only practical approach to tentative forecasts.

3.3.2 System Planning

As stated earlier, there is no system planning being currently undertaken in
ENEE. The last system expansion plan was prepared by SGI and up-dated in
August 1983, This plan is now outdated in the light of delayed installation
of generating, transmission and distribution plant. Based on a review of the
1983 Expansion Plan and the Bechtel team demand forecasts, simrle expansion
plans were developed over the period 1986 through 1995. The plant additions
are defined in Table 3-8, The expansion plan based on the realistic demand
forecast, will require an improvement in financial practices, construction
Productivity and operation and maintenance efficiency. The expansion plan
based on the optimistic scenario, as defined in Table 3-9, will require

significant improvements in the aforementioned areas as well as external

(31504) 3=23



Table 3-7

POAER DEMAND FORECASTS ~ 1986 to 1995
MW

Scenario Year: 1986 1987 19688 1989 1990 1991 1992 1993 1994 1995

——— e G—— G Gmeese  Gwmmmee e

Realistic Scenario 27.8 30.6 33.7 37.0 40.7 43.2 45.0 48.5 51.4 54.5
1986-1990: Growth at
108 per annum.
1991-1995: Growth at
6 per annum.

Optimistic Scenario 27.8 30.6 33.7 37.0 40.7 45.6 51.0 7.0 64.0 1.7

1986-1990: Growth at
108 per annum.
1991-1995: Growth at
128 per annum.

Notes:
Both the Optimistic Scenario and the Realistic Scenario are constrained to 10% per annum

growth rate in the period 1986 through 1990 due to the rate at which rehabjlitation is
possible and the earliest installation of the second 15 MW steam turbine unit at Gezira.

The Realistic Scenario assumes that in the period 1991 through 1995 ENEE will be able to
install only two additional 15 MW steam units at Gezira due to Somalia's limited foreign
exchange.

The Optimstic Scenario assumes that in the period 1991 through 1995 ENEE will be able to
install four additional 15 MW steam units at Gezira, as a result of Somalia's improvement in
balance of trade and debt service,
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Table 3-8

GENERATING PLANT EXPANSION PLAN
REALISTIC SCENARIO

Capacity No. of

Y4

() Sets Remarks 1984 1985 1966 1987 1988 1989 1990 1991 1992 1993 1994
Naxisum Demand (W) 23.0 25.3 27.8 30.6 33.7 37.0 40.7 43.2 45.8 40,5 S1.4
CENTRALE STATION
Ol4 diesel operating 0.65 2 #2 shut down 1.3 1.3 1.3 1.3 1.3 (1) (1) (1) (1) 1)
Old diesel rehabiliated 0.65 2 mniad-*a8s 0 0 0 o 0 0 0 0 ] 0
New diesel operating 1.8 2 #3 shut down 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6
1983
New diesel rehabilitated 1.8 2 46 shut down 0 0 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6
January °86
47 shut down
April °'ss
GEZIRA STATION
Dizzel operating 4.7 3 #1 shut down 9.4 14.1 14.1 14.1 14.1 14.1 14.1 14.1 14.1 14.1
June °85 (2x4.7)
Diesel rehabilisted 4.7 2 #2 shut down 0 0 9.4 9.4 9.4 9.4 9.4 9.4 9.4 9.4
Steam turbine 15.0 1 Oct. '85 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0
Future steam turbines
No. 2 15.0 1 15.0 15.0 15.0 15.0 15.0
No. 3 15.0 1 15.0 15.0
Total available capacity 29.3 34.0 47.0 47.0 47.0 60.7 60.7 60.7 75.7 75.7
FIRM CAPACITY
One unit outage (steam) 14.3 19.0 32.0 32.0 32.0 45.7 45.7 45.7 60.7 60.7
Two unit outage (steam 9.6 14.3 27.3 27.3 27.3 41.0 41.0 41.0 56.0 56.0
& diesel) -
SURPLUS (DIPICIT! or
CAPACITY
One unit outage (steam) (11.0) (8.8) 1.4 (1.7) (5.0) 5.0 2.5 (0.1) 12.2 9.3
TWwo unit outage (steam (15.7) 13.5) (3.3) (6.4) (9.7) 0.3 (2.2) (4.8) 7.5 4.1
& diesel)
Note

(1) Standby and emergency duty only.
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Table 3-9

GENERATING PLANT EXPANSION PLAN
OPTINISTIC SCENARIO

Capacity Mo. of

() Sets Remarks 1984 1985 1986 1987 - 1988 1989 19950 1991 1992 1993 1994 1995
Maxisum Demand (i) 23.0 25.3 27.8 30.6 33.7 37.0 40.7 4S5.6 51.0 57.0 64.0 71.7
Based on UNDP Report of
Dec. ‘85 Action Oriented
Scenario)
CENTRALE STATION
01d diesel operating 0.65 2 #2 shut down 1.3 1.3 1.3 1.3 1.3 (1) (1) (1) (1) (1) 1)
Old diesel rehabiliated 0.65 2 nid-'05 0 0 0 0 0 0 0 0 0 0 0
New diesel operating 1.8 2 #3 shut down 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6
- 1983
Mew diesel rehablilitated 1.8 2 46 shut down 0 0 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6
January '8¢
#7 shut down
April *8S
GEZIRA STATION
Diesel operating 4.7 3 #1 shut down 9.4 14.1 14,1 4.1 14.1 14.1 14.1 14.1 14.1 14.1 14.1
June °85S (2x4.7)
Diesel rehabiliated 4.7 2 12 shut down 0 0 9.4 9.4 9.4 9.4 9.4 9.4 9.4 9.4 9.4
Steam turbine 15.0 1 Oct. '8S 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0
Future steam turbines
Mo, 2 15.0 1 15.0 15.0 15.0 15.0 1S5.0 1S.0 15.0
Mo. 3 15.0 1 15.0 15.0 15.0 15.0 15.0
Mo. 4 15.0 1 15.0 15.0 15.0
Mo. 5 15.0 1 15.0
Total available capacity 29.) 34.0 47.0 47.0 62.0 60.7 5.7 75%.7 90.7 90.7 105.7
PIRN CAPACITY
One unit outage (steam) 14.3 19.0 32.0 32.0 47.0 45.7 60.7 60.7 75.7 75.7 90.7
Two unit outage (steam 9.6 14.3 27.3 27.3 42.3 41.0 56.0 56.0 71.0 71.0 86.0
& diesel)
SURPLUS (DIPICIT! or
CAPACITY
One unit outage (steam) (11.0) (8.8) 1.4 (1.7) 10.0 5.0 15.1 9.7 18.7 11.7 19.0
Two unit outage (steam (15.7) (13.5) (3.3) (6.4) 5.3 0.3 10.4 5.0 14.0 7.0 14.3
& diesel)
Note

(1) Standby and emergency duty only.
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confidence in the Somali government and ENEE by donor and lending
institutions. Any expansion at all in the system seems improbable until
considerable investment is made in the rehabilitation of the existing systenm.
The eétimated rehabilitation costs begin to approach what would normally be

required in capital investment for a two-year expansion period.,

3.3.3 Capital Expenditure Prediction

Capital requirements for system expansiop were last updated in the SGI 1983
report. In the meantime, although world prices for heavy utility equipment

have stabilized, the Somali Shilling has suffered serious devaluation (31
equal to 16 SoSh in 1983 to 31 equal to 57 SoSh in March 1986). The Bechtel
team has prepared a straightforward capital expenditure prediction for each of
the two system expansion scenarios using updated costs. The foreign capital
requirements will place a great burden on the already over-allocated Somali
foreign exchange credits., It is the power system's intensive foreign capital
requirements which make any implementation plan, whether realistic or
optimistic, most formidable. The capital expenditure predictions for the two
expansion scenarios are given in Table 3-10.

3.4 PROCUREMENT AND INVENTORY CONTROL
3.4.1 Commercial Services

The Commercial (Procurement) Department in ENEE consists of a Commercial
Services Section, a Stores Section and a Commercial Accounting Section. The
Commercial Services Section performs the purchasing function for ENEE and the
districts; the traffic function (domestic and overseas transport; customs
clearance, insurance and licenses). Presently the section is staffed by five
(5) persons, reasonably experienced. However, the section is inadequately

staffed and poorly equipped.

The procurement cycle for foreign purchases is illustrated in Pigure 3-4. The
Procedure is reasonably straightforward, however, the purchase requisition
approval cycle needs to be modified to permit lower level approval to hasten
the purchasing cycle for a larger number of less costly commodities.

Pollowing the release of purchase order to overseas firms and the receipt of
tenders, the evaluation of tenders and award recommendation is made by the
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PEHABILITATION AND SPARE PARTS

Gezira Power Station

Rehabjlitation, diesel-generator

Spare parts, diesel-generator
Rehabilitation, steam turbine-generator
Spare parts, steaa turbine-generator

Centrale Power Station

Rehabilitation, diesel-generators
Spare parts, diesel-generators

Subtotal

NEW_ CONSTRUCTION
REALISTIC EXPANSION SCENARIO

Gezira Power Station

Unit mo. 2, 15 W

Unit No. 3, 15 WW

Unit Mo. 4, 15 ww
Subtotal

OPTINISTIC BXPANSION SCENARIO

Gezira Power Station

Unit No. 2, 15 W

Unit No. 3, 15 W

Unit Mo, 4, 15 Ww

Unit dNo. S, 15 s

Unit Mo. 6, 15 W
Subtotal

TJOTAL CAPITAL REQUIRENENTS

Realistic Expansion Scenario
Optimistic Expansion Scenario

(31784)

Table 3-10

ENEE GENERATING PLANT CAPITAL EXPENDITURE PREDICTION

(81000)
1986 1987 1988 1989 1990 1991 1992 1993
910
1,720
270
650
1,250
1,000
5,800
1,3%0 6,770 12,%00
1,3% 6,770 12,900
1,390
1,3%0 6,770 12,%0 1,3% 6,770 12,900 1,390
1,3%0 6,770 12,9%00
1,3% 6,770 12,%00
1,390 6,770 12,%00
1,390 6,770
1,3%0 6,770 14,290 6,770 14,290 6,770 14,290 6,770
- 7,190 6,770 12,900 1,390 6,770 12,900 1,390
1,3% 12,570 14,29 6,770 14,29 6,770 14,290 6,770

6,770
14,290

Zoinl 10-Year

1998 Expenditure

5,800
12,900
12,900 64,180
6,770
6,770 92,400
12,900 68,980
6,770 98,200



Pequesing ] Finance and Director WC“""“"*' Telex 10 Suppliers
Submits Purchase |mm=mfl| Adminisiaton General Releases Request
P Department Approves Pro Forma
Requisition Reviews Purchase Order Quotations
Commercial Director General Minister of Finance Somal Telex © Suppler
'-;’ Commiliee _' Approves Award Approves Hard Commercial Notilying Issuance
~N Evalustes Curency Required Bank Issues of Letter of Credit
o Quotations Letier of Credit
Deposit by ENEE
in Commercial Wm
Bank of 100% in Suppler's
Value of Credit m“""z‘”
in Somal Shilings ransi

Figure 3-4 Foreign Purchase Procurement Cycle




Internal Commission on Purchases. This Commission consists of five members,
one each from the Projects and Planning Department, the Commercial Department,
the Administration Department, the Technical Department, and the Public Works
Department. 1In addition, a representative from the Labor Union and an Italian
Consultant serve as advisors to the Commission. It was observed that this
Commission reviews commodity purchases which are much too low (15,000 sosh or

$3000) in value. A more logical minimum value would be 50,000 SoSh.

The securing of hard currency for purchase of foreign equipment is an arduous
Process., Each foreign purchase, regardless of purchase value, requires
Ministry of Pinance approval and a protracted procedure for obtaining a letter
of credit from the Somali Commercial Bank., Furthermore, ENEE must deposit
Somali Shillings with the Commercial Bank equivalent to 100 percent of the
value of the hard currency requirement prior to the release of the letter of
credit. This works a serious hardship on ENEE's cash position for purchases
above $50,000.

3.4.2 Commercial Accounting

The Commercial /iccounting Section is responsible for the records of all
banking operations from letter of credit application through final payment of
supplier by Somali correspondent banks in the country of the supplier. The
records for all invoiced purchase orders, both local and foreign purchases,
are kept by this Section. Local purchases, as well, are the responsibility of
the Commercial Accounting Section, including the purchase transaction, banking
transactions and transaction records. This section has a staff of twelve (12)
persons who are working at a reasonable efficiency level. The transfer of
completed purchase records to the Accounting Service Section in the Finance
and Administration Department is not clearly defined. Also, rules as to what
purchases are to be expensed and what purchases are to be booked in plant
account records were not clearly defined, apparently leading to over expensing
of purchases.

3.4.3 Stores

Inspection of the stores warehouses at both the Centrale station and the 21st

October substation disclosed both an inadequate stores record system and poor
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storage and marshalling of materials and equipment. A study by Ewbank
Consulting Engineers in October 1976 had set out a complete stock control
system, but evidence, from the inspections made, was that only a few of the
recommendations of that study were implemented. There needs to be extensive
updating in the stock coding system to improve the effectiveness of stores
ordering and handling. Furthermore, the maintenance of stock levels is an
extremely important task, requiring skillful handling of control systems, and
stock and spares forecasts. There also needs to be a differentiation between
spares, or stock, used in planned maintenance operations and spares used as
replacement resulting from possible unscheduled outages, or breakdown.
Maintenance spares have a substantial consumption rate and a reasonably
predictable pattern of consumption. Therefore, a well planned and managed
level of stock must be maintained which encompasses at least the concepts of
maximum inventory, reorder point and minimum level inventory. Such a system
was not observed to be in place in the course of the field inspections. For
the unscheduled outages, or breakdown, the required spares are more difficult
to assess, The decision here requires a weighing of the lost income to ENEE
over the period of the unscheduled outage due to the time it takes to secure a
major replacement part from the manufacturer as over against the working
capital costs of purchasing the major replacement in anticipation of an
unscheduled outage resulting from the failure of the major part. It was
evident from discussions with ENEE engineering and procurement managers that
there is no established policy on the stocking of spare parts for unscheduled

outages.

3.5 ACCOUNTING AND FINANCIAL MANAGEMENT SYSTEMS

The USAID Mission/Somalia had specifically requested that the customer
billing, collections and accounting systems be audit:d and that the current
billing losses be analyzed. Recommended revisions to the customer billing,
collection and accounting systems were to be made including feasible
automation. In compliance with these instructions, an in-depth audit was made
of the Billings Services Section and Collections Section of the Finance and
Administration Department. The findings of the audit are set out in this
section.
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As a result of this initial audit, it became apparent that a careful
examination, as well, should be made of the plant accounting and property
records system, income statements and balance sheets and the financial
management procedures used currently. Findings in these areas are also

presented in this section.

3.5.1 Customer Billing, Collections and Accounting

The customer bill preparation procedure is documented in Figure 3-5, Private
accounts for ENEE customers are 35,000, of which 33,500 are lighting accounts
and 1,500 are small power (F.M.) accounts. As shown in Figure 3-5, meter
reading record sheets are received from the Collections Department and
readings are entered into a customer record book manually. The customer b!ll
is prepared by first making a separate calculating machine computation of the
energy billing, transferring this calculation into a bill typing machine and
typing a two-part bill, one part a receipt and the other part to be left as a
notice if the customer does not pay the bill when delivered to his residence,
In addition, a bill summary sheet is prepared for each billing unit and one
copy delivered to the Collections Section and the other to file. A typical
bill is shown in Pigure 3-6., The staffing of the Customer Billing Section is

as follows:

Private Accounts Staff and Equipment

Billing Machine and Calculator Operator 6
Clerks 4
Subtotal 10
Supervisor Y
Total 11

Public Accounts Staff and Equipment
Billing Machine and Calculator Operator 1
Clerks 3
Subtotal 4
Supervisor 1
1
Total 5

The Public Accounts Billing Machine operator assists the Private Accounts
Group regularly. The electric accounting machines are very simple, 10-year
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Meter Record
Sheets From
Collections Section
(Manuai)

Notes:
Lighting Customers 33,500
F.M. Customers 1,500

Total Private 35,000

Enter Meter
Reading Into
Customer Record
Book

45 Day Cycle
Prepare
Customer Biil 8ill
Using Electric Bill Summary Sheet
Typing Machine and Prepared Simuitaneously
Hand Calkculating on Multipage
Machine Form
[
N
Bilt Summary
- I Sheet to ENEE
. File and
Customer Bills Collections Section
to Collection
Department
N

Note: Bill preparation similar for public accounts,
4,000 public meters billed quarterly.

Figure 3-5 Customer Bill Preparation Procedure
Private Accounts
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Account No. Meter No.

UT LUCE N°, 31768 1585

W.X. K. U -
Jaalle WAKAALADDA XOOGGA KORONTADA UMMADDA BOLLO IN ABBONAMENTO
. Aut. Min. Prot.
CAL1 AXMED NUUR (Name) MuapDisHoO 5 N.4188 del 28/ 10/ 72
MUQ, (Mogadishu) = - UTT. 13%
La presente Bolletta si riferisce al consumo di ILLUMINAZIONE del mese di
Loturs Lottura Coneume imporie Nole Addizionsle ' da
roqedept . Kwh. She. Se. Conk. Comunala Servizlo Bollo m:c um.
Kwh. Kwh. Kwh. ‘
2713 252 21 89%2p 3000 21p 4da 4.0 of 12939 217
- 1985 * : )
Data : Mora per ritardo pagam.
Totale Sh. So. ,
La pressate Sollstia dove essere Conservets . PER QUIETANZA
ol - “ 4.25 SoSh/Kwhr. Average Cost. (con riserva di esigere qualsiasi afratrato
. aYy. é ’W
*Billed 60 days after end of month. (data) 777 (lirma)

PAID March 4, 1986

Figure 3-6. Typical ENEE Customer Bill



old, Olivetti machines. The machines only add, and are programmed to insert
fixed Somali Shilling costs and total the bill. The machines print both bill
and bill summary sheet on multi-page form. The Billing Group does not work

overtime to maintain schedule.

Both Public and Private customers are considerably in arrears. The Income
Statement for 1984 shows Accounts Receivable (Unpaid Bills) equal to an entire
year's revenue, 290 million SoSh. There is no formalized procedure for
penalty payments on overdue bills and it is understood that there is a
haphazard procedure on cutting power to delinquent customers. The greatest
amount of unpaid bills lie in the public sector, government ministries and

embassies,

The condition of the customer records file is very poor with the manuscript
entries, being many times illegible. The housekeeping in the bill computation
section is very poor and conducive to losing records and bills. The bill
preparation machines are archaic and a study of electric accounting machines
(EAM) versus microcomputer (PCs) and printer needs to be made. Simple
improvements in wori flow and procedures should lead to a considerable
reduction in bill preparaticn cycle time. With such improvements and
extensive automation, it should be possible to forshorten the bill preparation
cycle from 45 to 15 days. This is equivalent to reducing accounts receivable
by 24 million SoSh which should result in an interest savings of 2.4 million
Sosh annually.

The bill delivery and collection cycle is shown in Pigure 3-7. Bill delivery
is made by the meter reader who also attempts to collect the bill when
Presented. Since Somalia has no postal service directly to homes, it is
necessary that bills be hand-delivered by ENEE personnel. Prom the day the
meter reader receives the bill, a 10-day grace period is allowed for payment.
However, payment is seldom made within the 10-day period, since the customer
may not be on the premise to receive the bill, or, although on the premise,
does not have cash for payment. This will invariably lead to a 15 to 30 day
delay in bill payment. The customer must go to the local ENFE office to make
payment if he does not pay the bill collector directly. There is no fixed
policy or practice on disconnect for delinquent bills. When finally
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Premise

Summary Delivered L =
to Collections
Cashier with Cash,
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YES

Signed Bill to
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Y y

Cashier
Signs Cash Receipt
for Collected
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Figure 3-7  Bill Delivery and Collection Cycle
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disconnected the customer is required to pay a 200 SoSh connection charge. At
times, private customers may have as much as six month's billing outstanding

before a payment is made.

Under the present system, meter readers are required to carry meter reading
sheets, bills and large amounts of cash. Each meter reader returns daily to
the ENEE headquarters office in the center city with his cash and either
deposits in a personal safe or delivers it to the Collections Cashier who
receipts it to the meter reader who keeps his receipts. A separate payment
record is prepared by the Cashier who delivers it to the Customer Record Group

of the Billing Section.

At the same time the bills in each billing unit are delivered to the meter
reader/bill collectors, copies of the bills and bill summary sheets are
delivered to local ENEE offices to accommodate bill payments at the local
offices (see Pigure 3-8). Each day each office delivers cash received to the
Collections Cashier at ENEE headquarters together with a bill payment record.
Cash receipts are made to the local office. Bjill summary sheets and unpaid
bills are retained until the next billing unit printing is received.

Since the meter reader is required to both read and record meter readings and
deliver and collect the bills, he is seriously overloaded. He has seven days
in which to collect bills. There are approximately 30 Bill Collectors for
Private Accounts and 10 Bill Collectors for Public Accounts with each Private
Customer Bill Collector having 6 zones and 200 meters per zone (1,200 meters
read per month). Each Public Sector Bill Collector handles about 400 accounts

per month.

It appears that both the Private and Public Billing requires a 75 to 90 day

meter reading - billing and collection cycle:

Meter reading Every 30 days
Up-date customer record, bill 45 days
preparation, and bill delivery
Payment grace period 10 days
Total cycle 85 days
(3150H) 3-37



[ 3

From ENEE Biiling Department

'

To Bill
Collectors

To Local
Offices

i

Sheet (Original)
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Figure 3-8 Distribution of Bills and Bill Summary Sheets
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The bill collection cycle can be significantly forshortened by separating the
meter reading and bill collection functions. This means doubling the staff,
but significant improvement in bill collection would result, greatly improving
the accounts receivable picture. Interest savings made possible by reduced
accounts receivable would cover a considerable portion of the increased labor
cost. The bill collector would both deliver and collect bills. As a further
step in the bill collection cycle the bill collector (deliverer) would only
deliver the bill and the customer would pay his bill at the local office. The
bill collector could also be given the responsibility of disconnecting a
delinquent customer after proper notification. This would greatly improve

prompt payment of bills,

A serious condition exists in the non-payment of electric bills by large
government institutions. No amount of improvement in the billing cycle will
correct this situation. Rather a new policy for disconnecting service must be
defined and implemented without respect to whom the delinquent customer is. A
directive, prepared by the Director Ge.leral of ENEE, should be sent by the
Minister of Finance to every public institution requiring that they include
electric power expense in their annual budgets and create a monthly cash

disbursement schedule for the payment of ENEE electric bills.

3.5.2 Plant Accounting and Property Records

Although the USAID Mission/Somalia had not specifically requested that the
ENEE plant accounting and property records be examined, it became obvious in
the course of the review of the procurement accounting procedures and the
customer accounting system that both of these systems should be audited
carefully.

The plant accounting records and processing system are of a very simple form.
The plant account system itself consists of only 50 account numbers covering
both plant type and plant location. The units of plant are rather large for
modern utility plant accounting practice. For example, the turbine-generator
at the Gezira Power Station is shown as one plant unit rather than a more

detailed listing of units such as turbine rotor, turbine casing, generator

field, generator stator, exciter and turning gear. The concept of component

pieces of large equipment being considered as replacement units and booked as
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such in a plant account was completely foreign to ENEE accounting personnel.
As a result it is suspected that major part replacements, such as circulating
water pump shaft and impeller, or diesel engine cam shaft gear boxes, were
expensed in the year of their failure rather than written off against the
plant account with the replacements at current cost added to plant account.
This concept was discussed with ENEE plant account personnel suggesting they
begin immediately to include smaller units of plant in their accounting.

The plant accounting system appeared to lack discipline. 1Information in the
form of paid invoices for equipment and parts did not provide indication as to
whether the invoices should be expensed or booked against the plant account.
It also appeared that updating of the plant account record was not a reqgular
procedure, either additions or deletions. A plant accounting instruction
manual must be prepared in order to insure a proper registration of investment
in active plant. This is very important to the computation of proper capital
recovery requirements in the tariff structure. The U.S.A. Uniform System of
Accounts for Electric Utilities could serve as a helpful plant account
guideline.

There is no property record by location in the ENEE plant record system. In
fact, a property record was a new concept to ENEE accounting personnel.
Considerable time was spent describing the format and content of such a record
using the 21st October substation as an example. The descriptive detail that
was required for transformers, circuit breakers, condensers, lightning
arrestors, station busing, relays, control panels, cable, etc., was outlined.
The procedures required for a major, systemwide property inventory exercise
were also described. It was emphasized that, until there was an accurate
property record systemwide, it would not be possible to maintain an accurate
and up~to-date plant account which is needed for proper plant investment
records. It was suggested that a property inventory be undertaken as soon as

possible.

3.5.3 Income Statements and Balance Sheets

The Income Statements ané Balance Sheets for 1983 and 1984 were analyzed. The
Income Statements itemized the income categories and expense categories in
reasonable detail. However, the ENEE system of operating accounts should be
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expanded to provide better detail in expense recording and backup for Income
Statement preparation. The method by which the Income Statements were
prepared from the expense accounts was not clearly described and the
impression conveyed was that the preparation process seems to lack fiscal
rigor. A comparison of annual revenue shown in the Income Statement with
accounts receivable entry for unpaid customer bills in the Balance Sheet
indicates that accounts receivable are equivalent one year's revenue. This is
an entirely unsatisfactory condition. Even for a developing country utility,
accounts receivable for unpaid bills should not exceed 90 days' revenue,

The Income Statement is not adequately foot-noted to explain exceptions which
have occurred in the year of reporting. A case in point was the doubling in
depreciation expense from 1983 to 1984 without explanation. Similarly, the
General Expenses doubled and no explanation was given. A reformating of the
Income Statement is required to correspond to the definition and arrangement
+of income and expense items used regularly by international banking and and
auditing institutions. Typical footnoting and reference formats should be
employed. An instruction manual on Income Statement preparation and

submission frequency should be prepared.

Inquiries made, during discussion of the Income Statements and Balance Sheets,
and also while discussing the organization of the Finance and Administration
Department, did not indicate that an internal auditing section existed within
ENEE. However, in a later discussion it was discovered that the Somali
Auditor General's Office does perform audits, although not with annual
frequency nor with in-depth examination of ENEE'S books of account. A
Separate auditing function should be created with ENEE and its manager should
report directly to the Director General.

An attempt was made to review the procedures by which the annual depreciation
expense was determined. A summary statement for 1984 was obtained which used
three categories of depreciable plant (1) equipment (2) major machinery and
(3) buildings. The categories were again divided into a total of twenty-three
(23) subcategories. The subcategories, themselves, however were much too
broad for a realistic computation of depreciation expenses. Purthermore, the
depreciation rates were much too general and there was no evidence that the
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rates included any normal distribution of early retirements in each category.
Nor was there an indication of net salvage value for the equipment and major
machinery categories. Considerable work needs to be done by the plant
accounting section in cooperation with the general accounting section in the
setting up of a modern depreciation accounting system based on appropriate
units of plant, plant life with dispersion of retirements and reasonable net

salvage value for equipment.

ENEE does not prepare an annual financial report for the Minister of Public
Works or Finance, nor was it possible to determine whether an annual report
w?: prepared for lending or donor institutions. Steps should be taken
immediately to prepare an annual report for 1985 operation using a format
similar to that used by U.S. Utilities in reports to their stockholders and
bondholders.

3.5.4 Pinancial Management Procedures

From a review of the activities of the Pinance and Administrative Department,
it was ascertained that there were no documented systems and procedures for
forecasting financial requirements for capital, nor were there systems and
techniques for forecasting cash-flow requirements and implementing a
comprehensive financial planning program. No statements of financial policies
were documented. Inquiries were made in an effort to determine if forecasts
of plant and equipment requirements were available as well as work plans and
budgets. None were found. Balance sheets, operating statements, sources and
applications of funds statements are not used as management tools. Techniques
for analyzing financial and operating statements and using cash and accrual
concepts are unknown to ENEE management personnel.

In particular there was no organized, integrated system for capital planning
which employed load and energy forecasting techniques, a master plan for
electrical system expansion, a capital expenditure prediction and a current

Year system construction cost budget.

Within the FPinance and Administrative Department there exists no controller's
function, plannin¢ function or internal auditor's function. The Department

consists only of general accounting, customer accounting and bill collection
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functions. It also appears that no attempt has been made to implement these

missing functions.

3.6 ORGANIZATION REVIEW AND ANALYSIS

3.6.1 Organization Audit

The ENEE organization was audited by means of interviews with the Director
General and the Department Managers. There was no current organization chart
80 it was necessary to develop a chart in the course of the interviews. The
chart which was developed is given in Pigure 3-9., There are seven (7)
functional departments reporting to the Director General, requiring a broad
and ineffective span of control. During the six weeks at ENEE it became
obvious that the Director General was confronted with too many daily operating

problems and was too accessible to customers, both large and small.

Currently, there does not exist a document which defines the ENEE corporate
objectives, department functions, general orders and routine operating
instructions. The Manager of Personnel stated that the Director General had
called for departmental function statements from his department heads in
mid-year 1985, but none of the statements of function had been prepared to
date,

By means of interviews with each of the department managers, it was possible
to identify the sections within each department and to understand section
functions. Efforts were also made to interview section supervisors, but this
was only effective for the sections in the Technical Department, Planning and
Projects Department and Pinance and Administration Department.

A complete organization audit of ENEE was made by Russell, Ewbank and Partners
in July of 1975. Recommendations were made for reorganization, departmental
functions were defined and position descriptions written for all positions in
the new organization. Recommendations were also made for personnel to fill
the departmental managers positions. It was not possible to determine,
throujh interrogation of the ENEE managers, as to how many of the Ewbank
recommendations were implemented. However, by means of the audit of the
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existing organization, it was determined that little was done with the
recommendations other than to implement the placement of some of the

recommended managers.

The Director General referred the Bechtel team chairman to the Manager of
Pinance and Administration for assistance in the audit and for background in
the evolution of the organization. The manager was helpful, but it became
evident that no one in ENEE was completely familiar with the Ewbank audit or
with any organized attempt to implement its recommendations. Because of the
great pressures that are placed upon ENEE managers by day-to~-day management
problems, very little time is available for organization planning and
operating efficiency improvement. As a result, senior management has little
understanding of the current performance of either ENEE management personnel
or the effectiveness of departments and sections in meeting the poorly-defined

objectives of the organization.

3.6.2 Organization Analysis

3.6.2.1 Technical Department. Discussions were held with the Manager of the
Technical Services Department during which the department was defined as
consisting of five sections: Mechanical Services, Internal Electrical
Services, External Electrical Services and Maintenance Services (see

Pigure 3-9). 1In effect this department encompasses the operation and
maintenance of generating plants, transmission and distribution systems. The
total manpower complement is 155 persons, including 17 engineers and
technicians. Although the new Gezira Power Station superintendent presently
reports to the Manager of the Planning and Projects Department, the intention
is to shift the reporting responsibility to the Technical Department Manager
once the new steam section of the plant is operating routinely. 1In time, the
department organization should be changed to four sections; namely generation
operations, generation maintenance, transmission and distribution systems
operations and transmission and distribution systems maintenance. Both the
generation plant and the transmission and distribution system construction
functions should be transferred to the Planning and Projects Department. The
current External Electrical Service Section (including substation operations,
transmission line crews, and primary and secondary distribution system line
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crews) is understaffed with respect to current maintenance work, 3 kV to 15 kv
conversion work and new lines construction. This condition will be discussed

further under Section 3.7, Manpower and Training.

As stated earlier, in Subsection 3.2.4, a Distribution Planning Section should
be established in this department. There are no up-to-date system single-line
diagrams, distribution maps are out of date and equipment performance and
maintenance records are mostly nonexistent. The actual planning of
transmission and distribution expansion comes from consultant reports which

are soon out-dated,

3.642.2 Planning and Projects Cepartment. This department consists of three

sections; Planning Services, Project Costs and Records, and Survey and
Statistics. At present, none of these sections has an appointed supervisor
and the department manager is managing all three sections. The department has
also assumed the management of the Gezira plant operating and maintenance
functions since the initiation of the new steam plant in April 1985. The
department is listed as having 192 employees, of which 11 are engineers and 59
are technicians. The large number of technicians and the size of the
department is due to the inclusion of the Gezira Power Plant staff in the
department roster. The actual functions of planning, project management,
project costs and records are grossly understaffed. 1In fact, the efforts of
the department are directed almost solely to the Gezira plant operation with
any planning and costing being done through consulting services.

The function of power system planning as described in Section 3.3 requires a
Power System Planning Section dedicated to demand forecasting, generation and
transmission system planning, capital expenditure prediction preparation and
capital budget preparation. Some of this work is being done in the current
Planning Services Section, but not in the depth and scope required for
effective system planning.

3.6.2.3 Pinance and Administration Department. The Pinance and

Administration Department is comprised of three sections, Accounting Services,

Billing Services and Bill Collections. Total employment in this department is
137 persons consisting primarily of accounting clerks. The Accounting
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Services Section performs the general accounting and plant accounting
services. Annual Income Statements, Balance Sheets, Depreciation Reserve
Records are prepared by this section under the direction of the department
manager. Work with the supervisor and her assistant in this section disclosed
rather limited accounting practices and procedures, particularly in accounts
supporting income statements, balance sheets and depreciation expense
preparation. There appeared to be no division of the Accounting Services
Section into subsections whose responsibilities we.e distinctly general
accounting, plant accounting, depreciation accounting, and accounting reports

and records. There were no functional definitions available in writing.

The Billing Services Section functions include customer accounting as well as
bill preparation and has been described elsewhere in Subsection 3.5. The
Billing Services section is greatly understaffed leading to significant delays
in bill preparation. A procedures analysis needs to be made to simplify the
work procedures and clarify organization within the section. The division of
the section into private billing and public institution billing is an
appropriate one and the supervision is effective.

The Bill Collection Section is responsible for customer meter reading and bill
collection, private and public. As discussed previously in Section 3.5, meter
reading and bill collection should be undertaken by separate staff in order to
reduce the total billing and collections cycle time. This will require the
reorganization of the Bill Collections Section into two subsections, Meter

Reading and collections, respectively.

3.6.2.4 Commercial Department. The Commercial Department consists of three
sections, Commercial Services, Commercial Accounting and Stores. The
functions of these three sections have been described in some detail in
Section 3.5. The department staff consists of 19 persons, and in terms of the
workload is understaffed. Although the department manager is well informed
concerning functioning of the three sections, a description of each section's
functions and operating responsibilities was not avajlable. Organizational
interfacing between the Commercial Accounting Section and the Accounting
Services Section of the Pinance and Administration Department needs to be more
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thoroughly defined. Also, more effective liaison between the Commercial
Accounting Section and the Project Costs Section of the Planning and Projects
Department is required in order to update regularly project cost records and

budgets.

3.6.2.5 Personnel Department. The Personnel Department consists of three
sections, Personnel Services, Training and Security. This department consists
of 38 persons, 28 of whom are guards. Presently, the Training Section and the
Security Section are without supervision. PFurthermore, the Training Section
is not currently functioning and any training in ENEE is performed as
unscheduled on-the-job training in the power plants and electrical system.
There is no planned or classroom training being offered to engineers,
accountants, and technicians. Eight months ago, the Director General
requested that each department manager prepare a description of his
departmental functions and a position description for both his position and
for those manavers immediately reporting to him. This effort was to be
implemented by the Personnel Section. To date, this has not been achieved,
primarily as a result of a lack of staff trained in the techniques for
preparing functional descriptions and position descriptions. Furthermore, the
Personnel Department in conjunction with the Pinance and administration
Department has not prepared a statement of ENEE objectives, policies, general
orders and routine instructions. There were no manuals evident, containing
this information. There is no personnel and organization planning function
within the department. Also, in discussion with the department manager, it
was determined that, although he was familiar with employee performance
evaluation systems, no formal program of employee evaluation is currently
used. The manager was aware of the recommendations made in the area of
performance evaluation by Russell and Ewbank (July 1975), but he stated that
no effort had been undertaken to implement the recommendations.

3.6.2.6 Public Works Department. This department consists of four sections,

Workshops and Transport, General Construction, General Services Maintenance
and the Utility Pole Manufacturing Plant. The department consists of 91
persons, 54 of whom are skilled tradesmen. Each section is capably supervised
but somewhat understaffed. However, better liaison needs to be developed
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between the General Construction Section and the Internal and External
Electrical Services Sections of the Technical Department. Also, in time, the
Pole Manufacturing Section should be transferred to the External Electrical

Services Section, Technical Service Department.

3.6.2.7 Regional and District Department. It was difficult to ascertain the

nature of the organization of the Regional and Districts Department. It
appears that there are operations, construction and administration sections,
although these were not clearly defined. This department serves as liaison
between the reglonal and district operating companies and ENEE using each of
the other six ENEE departments as required. In a reorganization of ENEE,
careful consideration should be given to the organization of this department,
its reporting relationships to the Director General, and liaison with the
other departments in ENEE.

3.7 MANPOWER AND TRAINING

3.7.1 Manpower

As described in Section 3.6, ENEE is organized into seven departments. The
total employment, including the regions and districts was 882 persons as of
March 1986. The allocation of manpower by department and by job title is
given in Table 3-11 Personnel shown under the Regional and District
Department are distributed throughout Somalia in its major towns. In
discussion with the Manager of Personnel, it was determined that there are no
manpower forecasts for future system expansion. It was also determined that
there was no management plan for the evaluation and promotion of qualified

personnel.

A limited manpower reeds asscssment was undertaken for the Technical
Department, the Projects and Planning Department, the Pinance and
Administration Depar:ment and the Personnel Department. The employment in
these departments represents 83 percent of the employees in ENEE in

Mogadishu. Taking /nto account the possible 60 percent growth of the
Mogadishu electrical system in the next five years and the need to provide for
additional functions in some departments, the projected manpower requirements

(3150H) 3-49

34



0s-t

Department

Finance & Administration
Personnel

Regions and Districts
Commercial

Technical

Projects. & Planning

Public Works
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- Engineers

11

20

1

Table 3-11

ENEE EMPLOYMENT SUMMARY

Skilled
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6

67
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151

137

74

426

Accountants Technicians ¢Clerks Tradesmen Drivers Guards Persons

Service
Total
137
25 7 38
4 14 2 250
1 19
155
18 15 9 192
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40 59 25 882



by the year 1991 are shown in Table 3-12. The projected total increase in
staff is 240, or a 27 percent increase in the five-year period. An additional
45 engineers and skilled technicians will be required. Tradesmen will
increase by 117 persons or 27 percent. This significant increase in staff
will require a major recruiting program followed by an extensive training

program throughout the corporation.

3.7.2 Manpower Training

3.7.2.1 fTraining Program for Generation Personnel. With exception of a short

term training program initiated and implemented during the construction,
start-up and commissioning of the Gezira steam plant, and subsequent
on-the-job training (OJT), no other formal training program has been used by
ENEE for the training of its plant managers, supervisors and operators. There
is still a shortage of skilled and competent staff in the present plant
operating force. No formal apprenticeship programs are operative and only a
few operator-trainees are receiving OJT at the Centrale Station. It was noted
that turnover rates among skilled and semi-skilled technicians were high,
Proper on-the-job and class room training, if provided, would make the work

more challenging, reducing the turnover rate.

During several discussions with middle management and plant supervisory
personnel, a keen interest for further improvement of plant operational
knowledge and up-to-date power plant operation was expressed. The present
plant managers are almost fully occupied with resolving day-to-day problems

and were not able to spend time in planniig and manpower development.

Since ENEE is now entering an era of more complicated power generation
systems, requiring high skill, precision workmanship, proper planning, and
quick and effective decision making, it is essential and critical that
training programs be immediately implemented for management, supervisors and

technicians.

3.7.2.2 Training Program for Transmission and Distribution Personnel.

Extensive training is required in the transmission and distribution
operations, maintenance and construction functions. Currently, there is no
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formal class training nor an organized apprentice program. ENEE is suffering
from a lack of trained substation operators, electrical technicians, linemen

and craftsmen.

3.7.2.3 Training Program for Accountants and Administrators. As is the case

in the ENEE operating departments, no formalized training is being offered in
the finance and administration, personnel and commercial departments. 1In
addition, there appear to be no published instruction manuals for ENEE
accounting, personnel and procurement procedures and systems. Training in
these areas is most critical in the 1light of the expected growth of the ENEE
organization and the requirements of the international financial community

that ENEE is improve its fiscal policies and financial management systems.
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Section 4

DETAILED RECOMMENDATIONS

In this section detailed recommendations are presented which, through physical
rehabilitation of power system plant, modification of accounting and billing
systems, restructuring of organization and initiation of manpower training

programs will:

o Improve the availability and reliability of the generation,
transmission and distribution systems

o Increase revenue and reduce the customer billing cycle time

0 Provide an accurate record of both property and investment
providing an accurate base for tariff formulation

0 Strengthen both organizational and financial management
functions

o Provide adequately trained manpower to support an expanding
business with increasingly complex operating systems and
procedures,

4.1 GENERATION SYSTEM

The following actions are recommended to improve the Centrale and Gezira

Station operating availability and reliability.

4.1.1 Plant Operations

o Rehabilitate diesel engines Nos. 6 and 7 at the Centrale
Station and provide mechanical and electrical spare parts
for a 2 year operating period for engines Nos. 5 through 8,
including spares for lubricating oil centrifuges.

o] Provide mechanical and electrical spare parts for a 2 years
operating period for engines Nos. 1 and 4 in the Centrale
Station.

0 Rehabilitate existing machine shop at the Centrale Station
and provide machine tools, hand tools, materials, etc. to
manufacture diesel engine spar2s for the Centrale and Gezira
Stations.
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0 Rehabilitate diesel engines Nos. 2 and 3 at the Gezira
Station and provide mechanical and electrical spare parts
for 2 year operating period of engines Nos. 1 through §
including spares for fuel oil and lube oil centrifuges.

0 Rehabilitate existing machine shop at the Gezira Station and
pProvide tools and materials to manufacture diesel engine
spares.,

© Provide plant and laboratory chemicals for a 2 year
operating period at the Gezira steam plant.

0 Provide services of an expatriate instrumentation engineer

to train ENEE engineers and technicians for the existing and
future steam plants.

The above recommendations are summarized on Tables 4-1 and 4-2. The detailed
list of parts, equipment, chemicals, etc. required for the rehabilitation and
two years operation for Centrale and Gezira Stations are shown on the
following tables in Appendix A:

0 Consumable chemicals required for 2 years operation at
Gezira steam plant - Table A-1l.

0 Consumable chemicals and equipment required for chemical
laboratory at Gezira - Table A-2.

O Parts for rehabilitation and spares for 2 years operation of
Gezira heavy fuel oil separators - Table A-3.

0 Electrical parts required for Gezira engine rehabilitation -
Table A"4 ]

© Mechanical parts required for rehabilitation of Gezira
diesel units - Table A-S.

© Additional spare equipment requirement for 2 years Gezira
Diesel plant operation ~ Table A-6.

0 Handling equipment, tools and miscellaneous equipment for
Gezira - Table A-7.

© Spare parts list for Gezira lube oil separators - Table A-8,

0 Electrical spare parts for 2 years operation at Gezira
diesel engines - Table A-9.

0 Handling equipment and tools for Centrale - Table A-10.

o Electrical spares for 2 years operation at Centrale -
Table A-11.
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Unit MNo./
Equipment

#1 Diesel

#2 Diesel

43

#5 Diesel

#6 Diesel
(1)

#7 Diesel
)

#8 Diesel

Rachine Shop
& miscel-
laneous

Notes:

(1) Will require services

(31741)

SUMMARY OF CENTRALE DIESEL REHABILITATION AND SPARE PARTS REQUIREMENTS

Rehabilitation Work Spare Parts for 2 Years ration
Estimated Source or Estimated Source or
Description Cost § Supply Description Cost_§ __Supply
Engine operating. Mo rehablilitation 0 N/A See Table A-14. $100,000 Manufacturer,
work required. Italy -
Engine not operating. However, con-~ . 0 N/A This machine will 0 N/A
sidering the age of the engine and not be operated.
operating costs no rehabilitation Therefore, no spare
work is recommended. narts cequired.
Engine not operating. However, con- 0 N/A This machine will 0 N/A
sidering the age of the engine and not be operated.
operating costs no rehabilitation Therefore, no spare
work Is recommended. parts required.
Engine operating. No rehabitita- 0 N/A See Table A-14. $100,000 Manufacturer,
tion work required. Italy &
Germany
Engine operating. However, the $135,000 Manufacturer, See Table A-13 for $200,000 Manufacturer,
switchboard nceds changing. List Italy & mechanical and Italy &
of parts recommended for engine Germany Table A-11 for Germany
rehabilitation is shown on electrical spare
Table A-12. parts.
Engine not operating. Alternator $490,000 Manufacturer, See Table A-13 $200,000 Manufacturer,
is burat and switchboard needs Italy & for mechanical and Italy &
replacement. List of parts recos- Germany Table A-11 for Germany
mended for engine rehabjlitation electrical spare
is shown on Table A-12. parts.
Engine not operating. Needs new $375,000 Manufacturer, See Table A-13 $200,000 Manufacturer,
alternator. List of parts recom- Italy & for mechanical and Italy &
mended for engine rehabilitation. Germany Table A-11 for Germany
is shown on Table A-12. electrical spare
parts.
Engine operating. No rehabilitation 0 N/A See Table A-13 for $200,000 Nanufacturer,
work required. mechanical and Italy &
Table A-11 for Germany
electrical spare
- parts.
Machines in existing machine shop are $250,000 U.S. None required 0 N/A

very old. Needs new machines, tools,
portable tools for rehabilitation.
See Sheet No. 22 for rehabilitation
of machine shop.

of alternator manufacturer's service representative during installaton and testing.
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Unit No./

gguigggnt

#]1 Diesel

#2 Diesgel
(1)

#3 Diesel

#4 Diesel

#5 Diesel

Heavy fuel
0il Separator

(31748)

Table ¢-2

SUMMARY OF GeZIRA DIESEL AND STEAN TURBINE REHABILITATION AND SPARE PARTS REQUIREMENTS

Rehabilitatjon Work

Description

Engine will} Operate from 4-1-86, No
Mo rehabilitation work required.

Crank shaft has surface crack which

is being repaired. Alternator rotor
is 0.X. some of the stator colls are
burnt. Some of the mechanical com-
Ponents have been used for other
engines. See Table A-5 ¢for sechan-
ical parts anad Table A-4¢ for electrical

Large number or mechanical components
have been used to overhaul engine 31,
Alternator jg O.K. However, needs
®ostly mechanical Parts and few
electrical miscellaneous itema, sSee
Table A-S for sechanical parts and
Table A-4 for electrical parts,

Engine operating. No rehabilitation
work required.

Engine operating. No rehabilitation
work required.

One of the heavy fuel centrifuge needs
rehabiljitation. See Table A-3 for
mechanical parts.

Estimated Source or
Cost & Supply
(] N/A
$550,000 nanutacturer,
u.'.
$550,000 nanufncturer,
U.K.
0 N/A
0 N/A
$30,000 Alfa-Laval
Separators

are manufac-
tured in u.s.
Parts may be
available from
u.s.

Spare Parts for 2 Years

Dolcrlgtlon

See Table A-5 for
mechanjcal parts
and Table A-9

for electrical
parts.

See Table A-5 for

" mechanical parts

and Table A-9
for electrical
parts.

See Table aA-5 for
mechanical parts
and Table aA-9

for electrical
parts.

See Table A-5 for
mechanical parts
and Table aA-9 for
electrical parts.

See Table aA-5 for
®mechanical parts
and Table A-9

for electrical
parts.,

See Table aA-3 for
spare parts.

Estimated

Cost $

$380,000

$380,000

$380,000

$380,000

$380,000

$50,000

ration
Source or

Supply

nanufacturer,
U.K.

llnufacturer,
U.K.

Hanufacturer,
U.K.

Hanuflcturer,
U.K,

lanutacturer,
U.K.

Alfa-Laval
Separators are
Banufactured
in u.s, Parts
may be avai]-
able from u.s,
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Unit Mo./
Equipment

Lube oil
centrifuge

Auxiliary
equipsent

Machine shop
and
miscellaneocus
tools

Stean
turbine

(31748)

Table 4-2 (Continued)

Rehabilitat’. Mork

Spare Parts for 2 Years Operation

Estimated
Description Cost $

A1l five lube oil centrifuges are 0
working. Mo rehabilitation work
required.
Mone required. 0
Existing machine shop and diesel 860,000
plant requires tools, hand tools,
etc. Por rehabilitation, see
Table A-7 for detail requirements.
Steam turbine plant requires no $270,000

rehabilitation, except the service
of an expert instrumentation engi-
neer for 2 years to train steam
plant engineer and technicans.

Source or

Supply
N/A

N/A

U.8. and Italy
(for forklift
battery only)

Description

See Table A-8 for
sSpare parts.

Additional spare
Pumps and air com-
Pressor required
for diesel engine
fuel system. See
Table A-7,

Mone required

Spares for 2 years
plant operation
will be provided
by BBC. However,
it needs chemicals
for plant operation

and laboratory. See

Tables A-1 and aA-2,

Estimated

Cost §

830,000

$650,000

Source or

Supply

Alfa-Laval
sSeparators are
manufactured
in U.S. Pparts
may be avail-
able from U.S.

Manufacturer,
U.K.

N/A



0 Electrical parts required for Centrale rehabilitation -
Table A-lz .

o Mechanical parts required for Centrale diesel engine
operation - Tables A-13 and A-14.

Since the diesel engine and generator manufacturers are from the United
Kingdom, Germany, and Italy, components for the rehabilitation and spare parts
may not be available from U.S. or other approved countries under USAID
program. A waiver of "U.S. Source® policy may be necessary to obtain the

equipment and parts.

4.1.2 Manpower

4.1.2.1 Gezira Steam Plant. Based on the field survey and review with ENEE

Management, it is apparent that there are four categories of plant maintenance

and operation personnel which require immediate staffing:
o] Instrumentation engineer
O Results engineer
o Shift operators in charge

O Trainees (for future shift operation and maintenance)

Manpower in these categories will also support future steam plant expansion.

The requirements are as foliows:

1 - shift-charge engineer (at present there are only two
shift engineers)

1l - An expatriate instrumentation engineer to train ENEE
engineers and technicians for two years

1 - Instrumentation engineer

2 - Instrumentation technicians

1l - Results engineer

6 - Apprentices (from technical 3chools) - 2 for shift

operation, 2 for mechanical maintenance, 2 for
electrical maintenance

12

Total

(3157H)
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4.1.2,2 Gezira Diesel Plant. While ENEE has accumulated ex’:ensive experience

in diesel plant operation, there are three operating areas at the Gezira

diesel plant which require improvement:
O Stores operation
O Machine shop operation

o] Skilled plant maintenance and operation technicians

Since it will be beneficial to design and manufacture most spare part
components in the machine shop, an engineer supervising the machine shop with
two machine operator foremen will be required. This machine shop can be
coordinated with the Centrale machine shop, and the machine shop engineer,
with a drawing office facility to design spare part components, can supervise
both machine shops. In summary, the following additional manpower is

recommended for the Gezira diesel plant:
2 - Shift operators for fourth shift
2 - Control room shift operators for fourth shift

1 - Machine shop engineer in charge to Centrale and Gezira
machine shops

1l - Dpraftsman for design and drawing of space parts (for
Centrale and Gezira machine shops)

2 - Skilled machine shop operators

l - Storekeeper

1l - Skilled electrical plant maintenance technician

4 - Skilled mechanical plant maintenance technician

6 - Apprentices (from technical school) - 2 for shift

operation, 2 for mechanical maintenance, 2 for
electrical maintenance(l)

21 Total

Note: (1) Apprenticeship training benefits can be
shared by both Gezira and Centrale.

(31574)
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4.1.2.3 cCentrale Diesel Plant. The following additional manpower is

recommend<cd for the Centrale diesel plant:
2 - Skilled machine shop operators
3 - Skilled plant shift operators for fourth shift
3 - Skilled plant maintenance technicians for third shift

l - Skilled technician for small motor winding

9 Total

4.2 TRANSMISSION AND DISTRIBUTION

4.2,1 Primary Distribution System (3 kV and 15 kV)

The following recommendations are made to implement the rehabilitation and

improve operation of the primary distribution system:

0 Replace 35 km of existing 3 kv primary system with 15 kv
within Mogadishu

o Apply power factor correction (shunt capacitors) to existing
and new 15 kV systems

© Apply lightning arrestors at 15 kV overhead line terminations

0 Add heavy duty surge arrestors at the Gezira generator
busbar and underground line terminations

o Repair and reactivate the pilot wire differential protection
system for Gezira - Centrale - 21 October feeders

e] Initiate a program of pole barrier installations at high
vehicle traffic location

o Form an ENEE Planning Section

o Reuse 3 kV/380 Vv distribution transformers in smaller
cities, where feasible

0 Replace all 3 kV indoor substations in the center city by
15 kv/380 V pole-mounted transformers

o Establish program of insulator washing and silicon greasing

(3187H)
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4.2,2 Secondary Distribution System (380/2:0 V)

In order to improve the operation of the secondary distribution system, it is

recommended that the following be undertaken:
0 Replace 380/220 V secondary distribution, 120 km, in the
center six square-kilometers of the city (this is included
as immediate rehabilitation)

0 Replace the service drops to customers on the replaced
secondary in the center city

0 Re-examine conductor sizing for 380 V secondary circuits

o Install power factor correction capacitor on the 380/220 V
side of 15 kv/380 V transformers.

4.2.3 Mobile Construction and Maintenance Equipment

To improve line construction schedules and reduce maintenance outage time the
mobile construction and maintenance equipment must be increased to the basic
requirements listed in Table 4-3. A vehicle maintenance workshop must be

established with the equipment shown in Table 4-4.

4.2.4 Pole Manufacturing Plant

In order to increase the production of the plant, the following actions are

recommended:
© Rehabilitate bridge crane, concrete mixer, and bar shear
0 Provide additional pole moulds

0 Provide two-year supply of spare parts for the crane,
concrete mixer and bar shear.

4.2.5 Tools and Equipment

The inventory of tools and hand operated equipment must be significantly

restored. The following is recommended:
o Safety equipment
0 Testing and measuring meter

o] Protection test equipment

(3157H)
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Table 4-3

ENEE CONSTRUCTION AND MAINTENANCE MOBILE EQUIPMENT REQUIREMENTS

Utility Vehicles

5 = Vehicles, 4WD, P/U body, 1.5 tons, 6-man crew cab, fully equipped
11 - Vehicles, 4WD, P/U body, 1.5 tons, 4-man crew cab, fully equipped
1 - Vehicle, 4WD, Van body, 4-passenger (Cable test vehicle)

Trucks

$ - Utility trucks with Boring machine and crane
2 - Utility trucks with crane, 8 ton

Cranes and Loaders

2 - Mobile cranes, 15 tons, for rough terrain
2 - Porklift trucks, 5 tons, diesel

Miscellaneous Equipment

l = Cable trencher
3 - Cable reels with tensioners
3 - Line conductor pullers
2 - Pole trailers with tractors
8 - Jeeps
Table 4-4
VEHICLE MAINTENANCE SHOP EQUIPMENT
= Engine Djagnostic Machine
= Valve grinding machine
= Injector testing equipment
= . Tire maintenance equipment
= Drill press, lathe, milling machine
= Air compressor, electric
= Welding machine
- 2 sets of engine mechanics tools
(3157H)
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4.2.6 Manpower

The line crews must be expanded to efficiently accomplish the 3 kV to 15 kV
primary distribution lines conversion, the replacement of 380/220 V secondary
and the expansion of the 15 kV primary and 380/220 V secondary distribution
systems. This will require an increase of at least 40 lines personnel and an
expansion to 18 line crews. The recommended line crew staffing is shown in
Table 4-5.

Table 4-5

RECOMMENDED LINE CREW COMPLEMENT

Activity Crew Type Manpower
‘15 kV Expansion Two @ 12 men 24
380/220 v Expansion Pive @ 4 men 20
3 kv to 15 kV Conversion Two @ 12 men 24
380/220 V Replacement Five @ 4 men 20
15 kV Swing Crew One @ 12 men 12
380/220 VvV Swing Crew One @ 4 men 4
Primary/Secondary Two @ 4 men
Maintenance Crew _8
Total Linemen 112

A suggested organization for the Lines Department is shown in Figure 4-1 as
discussed with Mr. Nurideen, Manager of Technical Department. Currently,
about 84 people are employed in Lines/Substation work. Future requirements

will be two times that number, or 164,

4.2.7 Distribution Planning Section

A Distribution Planning Section should be formed immediately and staffed by

sufficient engineering and planning personnel. To accomplish the initial task
of establishing this :epartment with adequate inventory records, property maps
and equipment record cards in a reasonable time, an outside consultant should

" be employed.

(3157H)
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4.3

In light of the nonexistence of a power system planning discipline in ENEE,

POWER SYSTEM PLANNING

the following recommendation is made:

o

4.3.1

4.3,2

4.3.3

{31574)

Establish immediately the Planning Services Section in the
Planning and Projects Department which will undertake:

= Demand forecasting
- System planning

- Capital expenditure prediction

Demand Porecasting

Compile historical demand and sales data by customer class
Prepare market study for large potential utility customers

Develop both trend forecasting and macrceconomic forecasting
methods

Use the Bechtel team realistic forecast in the near-term
(1986-1988)

System Planning

Develop an expansion plan for the period 1986-1991 using the
Bechtel team scenarios

Pormulate expansion plan development procedures, document
and prepare forms for the required input information from
ENEE operating and financial departments

Develop a three-year expansion plan modifying the Bechtel
team scenario and using input from the operating and
financial departments

Develop an Action Plan for each FNEE Department involved in
implementing the three-year expansjion plan,

Capital Expenditure Prediction

Develop a capital expenditure prediction for the period
1986-1991

Pormulate capital expenditure prediction procedures,

document and prepare forms for the required input
information from ENEE estimating and financial departments

4-13



O Prepare capital expenditure prediction for the three-year
period using inputs from the estimating and financial
departments

O Develop Action Plan for each ENEE Department involved in the
implementing and auditing of the three-year capital
expenditure prediction,

4.4 PRNCUREMENT AND INVENTORY CONTROL

The results of the analysis of the findings related to the ENEE Procurement
and Inventory Control provide the basis for the following recommended

improvements in the functions of procurement, accounting and stores handling.

4.4.1 Commercial (Procurement) Punction

0 Simplify purchase requisition approval procedure for foreign
purchases and reduce the staffing of the Internal Commission
on Purchases to include only the Projects and Planning
Department, the Commercial Department, the Technical
Department and the Administration Department

0 Simplify the procedure for approval of "hard currency” for
purchase of foreign equipment by means of a one-time
approval of annual hard currency requirements for all
forecasted ENEE commodity needs by the Ministry of Pinance.
Require only 25 percent deposit in local currency equivalent
for hard currency at time of approval of letter of credit,
the remaining 75 percent to be supplied over some reasonable
payment period.

4.4.2 Commercial Accounting Punction

0 Clearly define the interfaces between the Commercial
Accounting Section and the Accounting Services Section of
the Administrative Department to ensure proper and timely
accounting records and expenditure classification by the
Accounting Services Section

o Establish policies and practices whereby commodity purchases
are classified either as expenses in a current year or plant
replacements to be entered as a capital item in plant
account records. Establish “units of plant® which are to be
considered as capital when replacing failed equipment.

(31574)
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4.4.3

4.5

4.5.1

Stores Function

Improve storing and orderly yard marshalling of all
equipment, spare parts and consumable materials at each
warehouse location, particularly the Centrale Station, the
Gezira Station and the 21st October Substation and Storage
Yard

Modify and update the stock control system differentiating
between planned maintenance stock and unscheduled outage
Sspares. Develop an economic analysis procedure which
includes the probability of the forced outage of major part
failures, the expense to ENEE resulting from the outage
period due to the failure as over against the working
capital costs of storing major parts in anticipation of the
parts failure.

ACCOUNTING AND FINANCIAL MANAGEMENT

Customer Billing, Collection and Accounting System

The audit of the customer billing, collections and accounting system suggests

that the following procedural changes and equipment applications be used to

reduce the billing and collection cycle and to improve the customer accounting

system:

o

(31574)

All manuscript meter readings should be transferred to a
typewritten record. At the same time, either a punched card
or a disk record should be created for each customer bill.

Bill computation should be completely automated using either
a punched card as input to an electric accounting machine
system or a disk as input to a PC and printer. A completely
pPrinted bill should be the output.

The time spent in bill preparation should be rediced from 45
days to 15 days by means of workflow improvement, two-shift
operation and automation.

A disconnect policy should be thoroughly defined for
delinquent bills and straightforward practices established.

Government agencies and corporations should be required to
budget their energy bills on an annual basis and be prepared
to pay billing within the normal grace period.

The jobs of meter reader and bill collector should be
separated to improve work efficiency of both jobs.

Eventually, customer bill payments should be made at local

ENEE offices, eliminating bill collection on customer
premises and the handling of cash in the field.

4-15%



4.5.2 Plant Accounting and Property Records

O Develop a more detailed plant account using smaller units of
Plant representing the lowest level of plant replacement.

o Create a proper interface between the Procurement Accounting
Section and the Plant Accounting Section to insure either
proper expensing or booking of equipment invoices. Create a
plant accounting instruction manual.

© Initjiate a property record systems and conduct first
systemwide property inventory.

4.5.3 Income Statements and Balance Sheets

The review of 1933 and 1984 Income Statements and Balance Sheets suggests a
number of recommendations which will increase the value of both statements to
ENEE management and international lending and donor institutions.
Furthermore, a procedures manual needs to be developed to insure accurate
preparation of these financial statements. Depreciation accounting procedures
need considerable improvement and auditing systems and an internal auditing
function are lacking. It is, therefore, recommended that:

0 Income Statements and Balance Sheets should be reformatted

and properly footnoted to meet international standards
required by financial institutions.

© The accounts receivable in unpaid bills should be reduced
from approximately one year revenue to 90 day's revenue by a
rigorous bill collection and disconnect policy.

0 Income Statements should be prepared with quarterly
frequency.

O An internal auditing function must be established within
ENEE, reporting to the Director General on a continuing
basis.

O Depreciation accounting should be modernized including
smaller units of plant, and more realistic depreciation
rates, including dispersion of retirements.

© An annual financial report should be prepared as a means of
documenting ENEE's financial performance for use by lender
ard donor institutions,

(31874)
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4.5.4 Pinancial Management Procedures

The audit of the activities of the ENEE Finance and Administrative Department
revealed that there is no financial planning program operative in ENEE.
Furthermore, capital requirements forecasting and source and application of
funds statements are not used. The following, therefore, is recommended:

o Install and document a system and procedures for capital
requirements forecasting.

o Install and document a system and procedures for forecasting
cash-flow requirements.

o Develop work plans and budgets.
0 Document financial policies.
0 Develop a comprehensive financial planning program.

0 Create a controller's function and financial planning
function within the Finance and Administrative Department.

4.6 ORGANIZATION REVIEW AND ANALYSIS

The review of the ENEE organization and its functions disclosed that the span
of control imposed on the Director General was too broad. Furthermore,
documentation of corporate objectives, departmental functions, general orders
and routine operating instructions did not exist. Although audits have been
made of the ENEE organization (Russell, Ewbank July 1975), the day-to-day
pressures on ENEE department managers has made it most difficult to find the
time to engage in organization planning, personnel planning and performance
evaluation. Based on the organization analysis made in the course of this

field assignment, the following recommendations are made.

4.6.1 organization Audit

o Engage a management: consulting firm to perform a thorough
organization audit for the purpose of recommending a revised
organization structure.

o In the interim, consider implementing the organization
defined in Pigure 4-2 which regroups departments under
senior directors reducing the span of control of the
Director General,

(3157H)
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4.6.2

4.7

organization Analysis

Prepare cnrporate objectives, departmental functions,
general orders and routine instructions for ENEE's current
operations under the direction of the Personnel Department.

Implement a program of manager and professional staff
employee evaluation.

Transfer all general management of generation plant
operations to the Technical Department.

Staff immediately the Planning and Projects Department with
adequate personnel to perform long range system planning,
project management and distribution system planning.

Enlarge the Accounting Services Section in the Pinance and
Administration Department to better service financial
reports required for effective financial control and
planning.

Perform a procedures analysis of work being done in the
Billing Services Section to clarify the organization and
identify manpower requirements.

Define and implement an improved operating interface between
the Commercial Accounting Section of the Commercial
Department and the Accounting Services Section of the
Pinance and Administration Department to provide either a
more timely expensing of commodities and services or a
booking to plant account where appropriate.,

Establish, in the Personnel Department, a personnel and
organization planning function.

Reorganize the Regional and Districts Department,
establishing a direct reporting relationship to the Director
General and creating operating sections in the department
which have a parallel relationship to operating departments
at ENEE headquarters.

MANPOWER AND TRAINING

The manpower review, department by department, indicated that ENEE must

carefully plan for the impending expansion in employment required to meet

future system growth. Since neither manpower forecasts, recruiting strategy

nor performance evaluation programs exist, it is essential that the Personnel

Department together with senior management initiate an in-depth manpower needs

assessment and an organized employee training and development program.

(3157H)

4-19



4.7.1 Manpower

o Conduct a manpower needs assessment, department by
department, stipulating the manpower needs over a reasonable
time period

o Analyze the skills required to perform jobs and prepare job
descriptions by labor classification

0 Prepare job skills performance standards and qualifications
requirements for vocational jobs.

4.7.2 Training Programs

4.7.2.1 Vocational and Technical Training for Generation System Personnel., A

training and manpower development program for pre-technicians, technicians,

supervisors and managers should be implemented. Outlines for the training is

briefly described in Appendix B.

4.7.2.2 Training Program for Vocational Jobs. The training content for

vocational jobs in transmission and distribution system operations,

construction and maintenance are given in Appendix B.

4.7.2.3 Training Program for Transmission and Distribution Engineers.

Technical training programs for ENEE engineers are given in Appendix B.

4.7.2.4 Development Program for ENEE Managers. MiAd-Managers should be given

formalized development courses in engineering, accounting and financial
planning. These would be released-time, formal courses offered at ENEE

headquarters. The training program is defined in Apprendix B.

4.7.2.5 Senior Manager Development. The ENEE senior managers, department

managers and above, should audit “he middle-manager development courses
offered by ENEE in Mogadishu. However, additionally they should be offered
~dvanced overseas courses (in the United States) consisting of training
modules and on-the-job exposure to management requirements in each manager's
functional area, operations, engineering, accounting, or procurement, etc.
Flexibillty in programming should be uppermost in the learning requirements of

each ENEE manager. Also included in the overseas development experience would

(3157H)
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be construction in financial and managerial accounting, cost management and
planning, organizational planning and evaluation and human resources

development.

4.7.2.6 Training Organization. Implementation of the vocational training

program described in Subsection 4.7.2.2 and in Appendix B will require the
formation of a training organization corresponding to that down in Figure
4-3. 1Initially and for a period of at least two years the services of
expatriate training managers and supervisors will be required to define,

implement and manage the training program.

4.8 MANAGEMENT ADVISORY SERVICES

In order for ENEE to effectively implement the recommended improvements in
organization, financial management and personnel management, a management
consulting firm should be retained for a period of two years. The consulting
services required together with the schedule required to implement the
services is shown in Pigure 4-4. The management consulting team required
would include the team chairman (would provide the organizational services),
an accounting services specialist, a procurement services specialist, a
financial planning specialist, a tariff specialist and a personnel services
specialist. The total effort would require 92 person-months. The budget for

the required management advisory services is given in Appendix C.

(3137H)
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4.9 ESTIMATED COSTS OF PROGRAM RECOMMENDATIONS

4.9.1 ENEE System Rehabilitation Costs

The costs to rehabilitate the ENEE power system, including the provision of

advisory services providing engineering, procurement and field installation

are summarized in Table 4-6 as $11,412,000.

4.9.2 Vocational Training Program Costs

The costs for expatriate management and supervision of a two-year vocational
training program are summarized in Table 4-7 as $1,271,200. The expectation
is that each of the expatriate staff will develop a Somali counterpart staff

to manage and supervise the training program at the completion of the two-year

period.

4.9.3 Management Advisory Service Costs

The costs for expatriate management advisory services for a two-year period
(92 person-month) are summarized in Table 4-8 As $1,398,600. The expectation
is that at the conclusion of the two-year period, the organizational,
financial, accounting and personnel programs will have been implemented and

ENEE senior and middle-managers will be managing the programs effectively.

(31574)
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Table 4-6

SUMMARY OF REHABILITATION EQUIPMENT AND ADVISORY SERVICES COSTS

REHABILITATION

GENERATION

Rehabilitation Equipment
Spare Supply Parts, 2-year

TRANSMISSION AND DISTRIBUTION

Conversion
3 kV to 15 kv

Replace Central City

Secondary

Mobile Equipment,
Vehicle Maintenance Shop

ADVISORY SERVICES

Engineering Specifications
Procurement
Field Supervision
Chief of Party, Mech. Engr.,
Electrical Engr.

Subsistence, Transport
Subtotal

Total Cost

4-27

$2,730,000

_4,030,000
$6,760,000

$1,017,000

$2,160,000
$3,177,000
$1,420,000

400,000
$1,820,000

Subtotal

$ 32,400
129,600

372,000
$ 534,000

—_ 81,000
$ 615,000

$ 6,760,000

$ 4,997,0000

$11.757,000

$ 615,c00

312,372,000

40



Table 4-7

SUMMARY OF THE COSTS TO MANAGE AND SUPERVISE A
TWO-YEAR ENEE VOCATIONAL TRAINING PROGRAM

SALARIES
Expatriate Manager $268,800
Three, Expatriate Supervisors $672,000
$940,800 $ 940,800
Housing, Transportation and
Miscellaneous Costs $330,400 $ 330,400
81,271,200
Table 4-8

SUMMARY OF THE COSTS TO PROVIDE TWO-YEAR ENEE MANAGEMENT
ADVISORY SERVICES PROGRAM

SALARIES
Expatriate Manager $268,000
Pive, Expatriate Specialists 635,000
$903,000 $ 903,000
Housing, Transportation and
Miscellaneous Cost $495,600 $ 495,600
31,328,600

(31578)
4-23



(38154)

Appendix A

MATERIALS AND EQUIPMENT REQUIRED FOR REHABILITATION



Item

No.

10

11

12

(3179)

Table A-1

CONSUMABLE CHEMICALS REQUIRED FOR 2~YEAR OPERATION
OF GEZIRA STEAM PLANT

Description

Hydrochloric acid with inhibitor for
distillers cleaning

Evaporat 3000 for distillers chemical
dosing

HCL 32%, for chlorination plant
cleaning

NaOH 508, for chlorination plant
neutralization and regeneration of
demineralizer mixed beds

Amonia solution 25%, for water treat-
ment chemical dosing

Hydrazine 158 for steam cycle water
treatment

Chloride of calcium for potable water
chemical dosing

Sodium bicarbonate (NaHCO4) for
potable water chemical dosing

Iron sulphate for chemical dosing
of cooling water

Sulfuric acid 968, for regeneration
of demineralizer mixed bed

Cation resin (Lewatit 5100 MB)

Anion resin (Lewatit MP 500 MB)

Quantity
600 litres

3,600 litres

600 litres

13,000 litres

6,600 litres

2,250 litres

1,650 kg

1,800 kg

18,200 kg

5,400 litres

2%x150 litres
(for 5 year
operation)

2x300 litres
(for 5 year
operation)

Available

From

USA

USA

Usa

USA

USA

UsA

USA

Usa

USA

USA

UsA

Usa



Item

N oUW N

10
11

12

13
14

15
16
17

18
19

20

Note:

(3179)

Description
Aceton czaao

Acetic acid CZH4O2

Amonia NH3 25%
Thioglycolic acid czu4ozs
Chloroform CCL4
Hydrochloric acid HCL 37%

Hydrochloric acid f£ixnal
(1 mol & 0.1 mol)
(12) (12)

IDRANOL A & IDRANOL III
(0.1 mol)

Methanol CH3OH

Nessler reagent

Potassium hydroxide fixnal
(1 mol & 0.1 mol)
(12) (12)

Sodium hydroxide fixnal
(1 mol & 0.1 mol)
(12) (12)

Sulfuric acid 96% or 97%

Sulfuric acid fixnal
(1 mol & 0.1 mol)
(12) (12)

Muscasol
Pyrogalic acid
Amonium acetate
Salicylic acid

Table A-2

Pu meter with temperature com=
pensation suitable for battery

electrical operation

Conductivity meter suitable for
battery electrical operation

Graded reagent for chemical laboratory.

A-2

Quantity

20 litres
6 litres
30 litres
6 kg

30 litres
50 litres
24 pcs

24 pes

30 litres
7 litres
24 pcs

24 pcs

30 litres
24 pcs

20 litres
2.5 kg
2.5 kg
500 g

1

CONSUMABLE CHEMICALS AND EQUIPMENT REQUIRED FOR 2 YEARS OPERATION
OF GEZIRA STEAM PLANT CHEMICAL LABORATORY

Avajilable
From
USA
USA
USsA
USA
USA
Usa
USA

usa

USA
USA
USA

UsA

USA
USA

USA
USA
USA
USA
USA

USA

o\



Table A-3

PARTS LIST FOR REHABILITATION OF ONE AND 2 YEARS SPARES
FOR TWO HEAVY FUEL SEPARATOR AT GEZIRA STATION - ALFA LAVAL

Type: MAPX 309 BGT-24

Man. No. 2953150

Worm Wheel Shaft 1420-1500 R/M
Rev=-Counter 118-125 r/m
Weight ex Motor 1150 Kg

Supply Source: USA

_Quantity
Spares
Rehabili- for both
Item tation Units Description Part No.
1 1 2 Lock ring 520359-3
2 1 2 Discharge collar 521880~-2
3 2 4 Seal ring 65594
4 1 2 T ) disc with neck (purifier) -
5 2 4 Gravity disc 517242-8
6 1 2 Bowl disc 520220-82
7 1 2 Bowl hood -
8 2 4 Seal ring 71440
9 10 S Seal ring 67587
10 Disc set (No) No
11 1 2 Distributor -
12 2 4 Cap nut 72589
13 2 4 Nave cap 72588
14 1 5 Seal ring 65201
15 1 2 Sliding bowl bottom 69172
16 10 5 Seal ring 67575
17 10 5 Screw (2) 68918
18 1 2 Bowl body -
19 10 5 Screen plug 62642
20 S 5 Guige sleeve 67572
21 1 2 Spring support -
22 5 5 Screw (6) 73883
23 5 5 Spring (16) 68657
24 1 2 Operating slide 71435
25 5 2 Valve plug (3) 68899
26 10 5 Seal ring 67566
27 2 2 Valve seat (3) 68565
28 5 5 Packing (3) 69310
29 2 2 Motor adapter 67190
30 6 3 Prame ring 67675
3l 20 10 Lining 65228
32 10 10 Seal ring 33259
3 10 10 Seal ring 67566
34 15 10 Seal ring 65396
35 10 10 Seal ring 65395
36 8 4 Protecting glass tube 68076
(3179)
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Table A-3 (Continued)

Quantity
Spares
Rehabili- for both
Item tation Units Description Part No.
37 4 2 Sight glass 65246
38 4 2 Seal ring 68075
39 4 2 Seal ring 71167
40 4 2 Shear pin 62527
41 4 2 Seal ring 64100
42 4 2 Packing 223316-5
43 4 2 Seal ring 42153
(3179)



Table A-4

ELECTRICAL PARTS REQUIRED FOR REHABILITATION OF

Item Quantity (for
No. Engines 2&3)
1 25
2 15
3 15
4 140
5 20
6 20
7 20
8 20
9 20
10 20
11 10
12 10
13 30
14 30
15 10
16 60
17 20
18 15
19 10
20 20
21 10
22 10
23 10
24 2
25 2
26 15
27 30
28 5
29 6
(3179)

GEZIRA DIESEL ENGINES 2 AND 3
(Brush Alternator)

Supply Source:

Pized and
Pixed and
Pixed and

Fuse
Fuse
Puse
Fuse
Fuse
Puse
Puse
Fuse
Fuse
Fuse
Puse
Fuse
Coil

Complete contactors u.C.A3j 45A
Complete contactors u.C.A; 30A
Complete contactors u.C.A7 85A

1link
link
link
1link
link
1link
1link
1link
link
link
1link
link

10
16
20
40
35
50
60
63

100 amp. type T1S100M

Description

moving
moving
moving
2 amp.
4 amp.
6 amp.

amp.
amp.
amp.
amp.
amp.
amp.
amp.
amp.

type
type
type
type
type
type
type
type

T1A10
T1Al6
T1A20
T1s40
T1835
T1s50
T1S60
T1A63

Manufacturer (U.K,)

contacts for u.C.A;j contactor 45A
contacts for u.C.A; contactor 30A
contacts for u.C.A9 contactor 85A
type N1T2
type N1T4
type N1T6

for contactors u.C.A3g; 110V AC

0/L relay type OLRRS
Change over solenoid type 11W486 400x2 110 V DC
Thermostat range 0-140°C type Maclaren

Master thermostat 0-140°C type Maclaren

Engine speed probe type Mc 25 R CCL6

Speed control switch (raise-off-low) position
Heater elements for H.f line heater 380 V 5 kw
Clipon terminal type Sake 32 8 Sake 35

A mot controls electronic cards BD3 BD, BDg

BD) BDg

Generator 15 kV coils (Rew in ....)



Table A-4

ELECTRICAL PARTS REQUIRED FOR REHABILITATION OF

Item Quantity (for
No., Engines 2&3)
1 25
2 15
3 15
4 140
5 20
6 20
7 20
8 20
9 20
10 20
11 10
12 10
13 30
14 30
15 10
16 60
17 20
18 15
19 10
20 20
21 10
22 10
23 10
24 2
25 2
26 15
27 30
28 5
29 6
(3179)

GEZIRA DIESEL ENGINES 2 AND 3
(Brush Alternator)
Supply Source:

Fixed and
Fixed and
Fixed and

Fuse
Fuse
Fuse
Fuse
Puse
Fuse
Fuse
Puse
Fuse
Fuse
Fuse
FPuse
Coil

Complete contactors u.C.A3 45A
Complete contactors u.C.A; 30A
Complete contactors u.C.A7 85A

link
link
link
link
link
link
link
link
link
link
link
link

10
16
20
40
35
50
60
63

100 amp. type T1S100M

Description

moving contacts for u.C.A3 contactor 45A
moving contacts for u.C.A) contactor 30A
moving contacts for u.C.A7 contactor 85A
2 amp. type N1T2
4 amp. type N1T4
6 amp. type N1T6

amp.
amp.
amp.
amp.
amp.
anp.
amp.
ampe.

type
type
type
type
type
type
type
type

T1Al0
T1Al6
T1A20
T1540
T1S35
T1S50
T1S60
T1A63

Manufacturer (U.K.)

for contactors u.C.A3g; 110V AC

O/L relay type OLRRS
Change over solenoid type 11W486 400x2 110 V DC
Thermostat range 0-140°C type Maclaren

Master thermostat 0-140°C type Maclaren

Engine speed probe type Mc 25 R CCL6

Speed control switch (raise-off-low) position
Heater elements for H.f line heater 380 V 5 kW
Clipon terminal type Sake 32 8 Sake 35

A mot controls electronic cards BDj BD; BDg

BD; BDg

Generator 15 kV coils (Rewind.....)



Table A-S

NECHANICAL PARTS REQUIRED FOR REMABILITATION OF GEIIRA DIESEL ENGINES 2 AND 3, AND SPARES FOR
2 YEARS OF OPERATION OP DIESEL ENGINES
(RATERIALS TO BE FURNISHED PROM THE MANUPACTURER OF THE ENGINES IN U.K.)

Parts Reqd. Parts Reqd. Spare Parts Parts Reqd. Rehablilitation Spare Parts
for Engine §2 for Engine §3 for each for Engine §2 for Engine §3 for each
Item Rehabilitation Rehabilitation Engine Item Rehabllitation Rehabilitatlion Engine
Ho.(1) (Quantity) (Quantisy} (Quantity)  Mo.{l) {(guantity) (Quantity) (Quantity)
| 32 10 24 31 5 - 10
2 32 10 24 32 35 fe 3S ft 35 ft
3 32 k) 16 33 10 S 20
4 32 3 16 34 1 - 1
5 10 - 2 3s 20 20 40¢
6 s - 10 36 2 - 1
7 10 4 37 2 - 1
8 2 1e 38 2 - 2
9 1 - 2 30 2 - 2
10 20 10 30 40 2 - 2
11 - - 1 41 6 - 4
12 6 6 12¢ 42 12 [ 12¢
13 - - 2 43 2 - 2
14 1 - 2°¢ “ 2 1 4
15 20 20 40° 45 S - 10
16 20 20 40¢ 46 2 - 2
17 2 tins 2 tins 5 tins a9 1 - 1
10 1 1 2 48 5 - 1
19 1 tin 1 tin S tinse® 49 16 16 12
20 20 10 30 50 1 - 2
21 10 18 18 51 3 3 4
22 10 - 7 52 16 8 16
23 128 128 100 53 16 8 16
24 100 100 100 54 8 2 8
25 50 50 100 55 8 - 8
26 32 32 16 56 8 - 8
27 16 16 16 57 8 - 8
28 10 5 32 58 8 - 8
29 5 - 20 59 2 1 2¢
k[1] 20 5 10 60 2 1 2

titeiy)



Table A-S (Continued)

Parts Regd. Parts Reqd. Spare Parts Parts Reqd. Rehabllitation Spare Parts
for Bngine §2 for Bngine #3 for each for Engine §2 for Engine #3 for each

Item Rehabilitation Rehabilitation Engine Item Rehabjlitation Rehabiljitation Engine

No 1) (Quantity) (Quantity) (Quantity)  mo.{1}) (Quantity) (Quantity) (Quantity)

61 2 1 20 95 1 - 1e

62 2 1 2¢ 96 1 - 1

63 1 - 1 97 1 - 2e

64 2 1 2¢ 98 10 4 20¢*

65 1 - 2 99 10 4 20*

66 1 - 2 100 20 8 40*

67 10 ft S ft 10 ft 101 20 8 40*

68 10 ft S ft 10 ft 102 64 64 128¢

69 2 2 4 103 64 64 129

70 2 2 4 104 8 2 10

n 1 1 2 105 16 4 40

72 1 1 2 106 8 2 20

73 < 2 4 107 16 4 40

74 1 1 2 108 16 4 40

75 1 1 2 109 32 8 80

76 1 1 2 110 32 8 80

77 2 2 4 111 32 8 80

78 1 - 1 112 10 10 20

79 16 8 a8 113 10 10 20

80 16 8 ae 114 10 10 20

81 16 8 [ L] 115 - - 2¢

82 4 - 10 116 - - 2¢

a3 4 - 10 117 2 - 4

84 4 - 10 118 2 - 4°

85 4 10 119 10 - 32

86 4 - 10 120 - - 20

87 4 - 10 121 16 4 20

88 4 - 10 122 - - -

89 3 tins 3 tins 9 tins 123 2 2 10*

90 1 - 2% 124 2 2 10¢

91 1 - 2¢ i2% 1 set 1 set 1 set

92 1 1 2¢ 126 - T- 2 sets*

93 1 1 2 127 - - 1 set?*

94 1 - 1e 128 - - 2 gets®

Notes:

* Indicates spare for S engines

{1) See attached spare parts list

(3181R)
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Table A-5 (Continued)

SPARE PARTS LIST POR:

ENGINE No. 6704/1 and 6901/1

Type: 16kV Major
RPN: S00

Serial No, 76.29.0 and 82.50.01
Spares Order No. 333/85/GPS

Contents

Alr valve

Exhaust valve

Assembly of valve cage (R/H)
Assembly of valve cage (L/H)
Cylinder head (new Heads)

Cylinder head (reconditioned heads)
Cylinder liner

Lubricating oil pump (of David Brown, Roloid gear

pPumps; order No. G88 2080
2-1/2 H Rotor: Max. GPM 230
Pressure: 75 psi
RPN 1203

Fuel pump (Bryce Ref. PDDAB 300 B0522)
Half liner intermediate
M.S. half liner wide
Half liner
Thrust holf washer
Assembly of crank gear wheel
Split pin
Split pins
Jointing comgound
Jointing
Compound
‘0’ ring
Sealing ring
Joint liner to casing
Split pins
Locking wire
*0* ring
Piston ring
Piston ring
Assy of double-edged scraper ring and spring
Locktite 242e
Fuel cams
Cotter pins
Locking wire
Split pin
Aeroquip adapter
Copper washer
Lubricating oil spray assy ®A® bank
Lubricating oil spray assy °*B®" bank
Egqunal tee
Lubricating oil spray ®"A® bank

Part No.

K20859
K46451
K29053
K29051
K37383
K37383
K14709

K38157
K44312
K44313
K44311
K30289
K31377
8P6116
SP7122
5D296/4
8Db119/3
8D296/3
K30992
K30942
K28424
SP4/14
8b295/10
K15330
K36462
K36463
K45657
5D265/10
K36089
K15278
SD24512
SP4112
spllsél4o
wW32/52/72
K368713
K36874
SD6012
K37863
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Table A-5 (Continued)

Contents

Lubricating oll spray °B* bank
Stud coupling

Steel bluck

Adapter

Lockplate for spray

Setscrew

Steam coupling

Screw assembly comprising

Cooled injector assembly for H Puel
Nozzle (Bryce Ref. HL 135 II 66 H42 9P6)
Air master valve

Red fibre joint

‘0* ring

Joint

Camroller

Manifold to cylinder head

NManifold to cylinder head

Pipe assy

Pipe assy

Pipe assy

Pipe assembly bedplate connection °'A® bank

Pipe assy
Pipe assy to Pratt valve
Pratt shut-off valve
Pipe assembly

Pipe assembly °A’ bank
Pipe assembly °*B*' bank
Air plpe

Pipe

Joint

Joint

Joint

Joint

Joint

Joint

Joint

Joint

Joint

Overspeed governor assembly (500 rpm)
Pipe assembly

Pipe assembly

Pipe assembly

Assy exh. valve cooling water out pipe ~

long

Assy exh. valve cooling water out pipe - short

Assy exh. valve cooling water out pipe -
Assy exh. valve cooling water out pipe -

Pipe assy
Pipe assy
Pipe aasy
PBC grease

long
short

Part No,

K37864
Sb107/13
8D268/10
K488/31
K36868
PF8104/12
SD63/2
K38688
K42540
K23802
K37653
6HFR1051
K35168
K9720
K21968
K49363
K38719
K18769
K18767
K41836
K34726
k36019
K47016
K47018
K41727
K49413
K44412
§D1/13
sh1/11
K31062
K30161
K41125
K30797
K31039
X30244
K30245
K30622
K30734
K44288
K38619
K39809
K40714
K40712
K36354
K36358
K39811
K32537
K32539
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112
113
114
115
116
1i7
118
119
120
121
122
123
124
125
126
127

128

(3i81H)

Table A-5 (Continued)

Contents

Vavle cage pump:

Motor - Brook

Crompton Parkinson

Prame D1325H motor No. FDD16PZIE,

KW 7.5, v 380
Amps 16, Hx S0
Rating nC

» RPM 2865,
insul Class B

Pump ~ Ingersol Rand

Imp gal: 67

Ditf head ft 175, serial No. 6083264/1

RPN 2900

Model 32-200 M.

Nozzle ring for turbocharger (type VIR 400 spec
I4R 546 II EA 217 AN 32) ~ Brown Boveri

Bearing assy compend for above turbocharger
Bearing assy turbend for above turbochsrger
Shatt (complete) for above turbocharger

Exhaust pipes
Exhaust pipes
Connecting rods
L/E bolts

L/E bolts

Nuts

Washers

Piston crown st
Piston crown nu
Banjo's
Washers

Valve adaptor
Washer

Valve

Bolt

Washer

Specer tube
Washer

Adaptor

Pipe assembly
Intergears °*A°
Intergears "B*

assy

ud
ts

bank bracket
bank bracket

Intermediate gear
Pinion assembly

Tappet assembly
Circlip
Push-rod
Exhaust bellows

Gasket - exhaust outlet from turbocharger

Gasket - air inlet to turbocharger

Crankcase door

joint (bulk gasket)

Pneumatic equipment for 16 kv major
Jacket water pump and motor assy

(Brook Crompton Parkinson motor frame Dl180LM, kW 22,
1450 rpm, and pump M125/250/250/ATSER 612307414)

Pump mechanical

seal

Part No.

30

32

38

20
K22760
K22764
K45662
K45499
K45549
k44131
K44132
K53595
K52579
K52538
CcHil/68/2
K16202
CW50/64/2
J10755
K36853
SwWé8
K36854
K24146
K38622
K38622
K48390
K48391
k30077
K31379
K36763
K20480
K25805

K1498

25171/548/0001*



Table A-6

ADDITIONAL SPARE EQUIPMENT REQUIRED FOR 2 YEARS OPERATION OF
GEZIRA DIESEL PLANT

Supply Source: Manufacturer (U.K.)

Item Quantity (for
No. 5 Engines) Description
1 2=-AsSsY. Light fuel pressuring pump assembly, duty 450 gal/hr
20 1b in2, for engine 6704/1 (Model 10M 1-1/2 T
4R/01)
2 2-Assy. Heavy fuel pressuring pump assembly, duty 450 gal/hr
20 1b/in2. For engine 6704/1 (Model 20M 2T 4R/19)
3 2-Assy. Air compressor size AWMS (Worthington-Simpson),
27.6 BAR, 960 RPM, 43M3/hr for diesel engine system
start, stop and control air
(3179)
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Table A-7

HANDLING EQUIPMENT, TOOLS AND MISCELLANEOUS EQUIPMENT REQUIRED FOR

Item
No. Quantity
1 2-Lots
2 1-Lot
3 2
4 2-Lots
5 2
6 S5=Sets
7 10~Sets
8 3-=Sets
9 1
10 l1-Set
(3179)

REHABILITATION OF GEZIRA DIESEL PLANT

Supply Source:  USA

Description

Miscellaneous cutting, turning, threading, cutting,
etc, tools for lathe

Miscellaneous steel stock (rods, bars, etc.) for
manufacturing diesel engine parts (bolts, nuts, studs,
etc.)

Portable electric drills 3/4" and 1" dia. including
miscellaneous drills, reamers, etc. and attachments

Miscellaneous grinding wheels for pedestal grinder
Hand chain pulleys 1 and 2 ton capacity
Miscellaneous hand tools

Miscellaneous connectors for diesel engine pneumatic
system

Battery-type 40EL for Electro Carrello forklift type
GMF/2000

Portable air compressors

Light weight (portable) electric welding machine

A-13 0{
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Table A-8

SPARE PARTS LIST POR 2 YEARS OPERATION OF 4 GEZIRA LUB. OIL

-
r
®
]

* Indicates spares for 4 lube oil centrifuges

N

(1) No parts required for Engine #5 lube oil centrifuge.

W oSOV WwN =

ote:

SEPARATOR (OIL CENTRIFUGE) ENGINES #1 THRU #4(1)

Type: MAB 204S-20 (4048-1)

Por Wheel Shaft:

Tachmeter:

XXY

Rev/min Counter:

Quantity

4
g*
4
g*
g
4*
4
g*
g
4*
4»
4%
4»
4
4*
4
4*
4
4*
4*
12+
4»
8*

ALPA-LAVAL
1400-1500 r/m

118-125 r/min

Description

Thermometer

Pres
Elas
Seal
Seal
Seal
Seal
Seal
Seal
Seal
Seal
Seal
Seal
Seal
Seal
Seal
Seal
Seal
Seal
Seal
Pric
Seal
Elas

sure gauge
tic plate
ring
ring
ring
ring
ring
ring
ring
ring
ring
ring
ring
ring
ring
ring
ring
ring
ring
tion pads
ring
tic pad

A-14

Supply Source: USA

Part No.

64002
526306-01
519532-01
223402-01
73920
65901
68085
223401-30
519548-01
519550-01
517761-01
223401-38
14238
223431-02
223401-28
223410-09
223406-14
223408-04
33336
38411
527983-90
223406-0
519532-0



Item
No. Quantity
1 250
2 150
3 50
4 400
5 150
6 150
7 40
8 60
9 300
10 100
11 100
12 20
13 25
14 15
15 150
16 20
17 10 set
18 2
19 24
20 20
21 3
22 6
23 1
24 6
25 2
26 6
27 10 sets
28 10 sets
29 4 gets
30 5 sgets
(3179)

Table A-9

ELECTRICAL SPARE PARTS FOR 2 YEARS OPERATION OF
GEZIRA DIESEL ENGINES #1 THRU 5

Supply Source: Manufacturer (U.K.)

Description

Fixed and moving contacts for U.C.A~3 contactor
Fixed and moving contacts for U.C.A-7 contactor
110 volt A.C. coil for U.C.A-3 contactor

Bulbs 130 V; 20 MA

Fuse link 63 amp. type T1A63

Fuse link 40 amp. type T1A40

Fuse link 350 amp. type TTM

Fuse link 80 amp. type T1A80

Fuse link 2 amp. type NIT2

FPuse link 4 amp. type NIT4

Fuse link 6 amp. type NIT6

Fuse link 20 amp. type T1A20

Thermostat range 0-140°C type Maclaren

Master thermostat range 0-140°C type MacLaren
Klippon terminal SAK3S

Heavy fuel change over solinoid type 11W486400x02;
110 v DC

Fixed and moving contacts for fuse switch type
UFPSB40-wWatford

Complete fuse switch type UFSB40

Heater element for line heater 5 kW; 380 V

Heater element for bus rail heater 3 kw; 380 V
Speed control switch (raise-of-low) position
Mechanical seal for jacket water pump type pumpak
model 125-250

? motor pump complete type pumpak model 125-250
Mechanical seal for valve case C.W. pump type pumpak
Model 32-200M

Valve cage cooling water motor-pump type pumpak
32-200M 380 V

Clear span P130L indication controller range 0-600

Gland packing for light fuel pump model 10M1-1/2T4R/01
Gland packing for pump model 20M2T4R/19

Gland packing for heavy fuel transfer pump model
S50M10T4R/MO1

Gland packing for lube oil pump model 100MLST42/M01

A-15
A



Item

No.

1

10

11

12

13

14

(3179)

Table A-10

HANDLING EQUIPMENT, TOOLS AND MISCELLANEOUS EQUIPMENT REQUIRED FOR

Quantity

2=-lots

1-lot

2=lots

REHABILITATION OF CENTRALE DIESEL PLANT

Supply Source: USA

Description

Miscellaneous cutting, turning, thread cutting, etc.
tools for lathe

Miscellaneous steel stoln (rods, bars, etc.) for
manufacturing diesel engine parts (bolts, nuts, studs,
etc.)

Portable electric drills 3/4" and 1" dia. including
miscellaneous drills, reamers, etc. and attachments

Miscellaneous grinding wheels for pedestal grinders
Lathese - 4 ft and 3 ft bed
Universal milling machine with miscellaneous cutters

Pedestal drills 1-1/2" and 1" dia. with miscellaneous
drills, etc.

Power saw (reciprocating type)

Pedestal grinder 12" dia. wheel

2-ton capacity diesel operated forklift
6-ton capacity mobile crane dieuel operated
Portable air compressor 40 bar, 400L/min.

El¢ctric welding machine

A-1¢ » \o‘b



Table A-11

ELECTRICAL SPARE PARTS FOR 2 YEARS OPERATION OF CENTRALE
DIESEL ENGINES #5 THROUGH #8

Supply Source: Manufacturer (Italy)

Item Quantity (for For Specific Engine
No. all 4 Engines Qty. Engine No. Description
1 - 2(1) One each for Step up transformer 2000 kVA
#7 & #8 0.38/15 kv
2 - 2(1) One each for Step up transformer 1000 kVA
#5 & #7 0.38/15 kv
3 gll) - - Air circuit breaker, 4500 A
4 4‘1) - - Oil circuit breaker, 22 kV,
600 A
5 2(3) - - Insulation test instrument
(Megger)
6 10(3) - - Clamp on ammeters and volt
meters (testers)
CENTRAL POWER STATION
ELECTRICAL SPARE PARTS NEEDS
Item
No. Quantity Description
7 (3) Cylindrical Cartridge Fuse Industrial type gl
800 of 2 amp. ,
800 of 4 amp.
800 of 10 amp.
800 of 20 amp.
500 of 25 amp.
8 (1) From Electromeccanica Due Stelle S.p.a Castellanza
2 Knife Switch (Sezionatori rotator a dopio
sezionamento 3SDR 24 kV 800 amp.)
9 3 Item like above mentioned 3SDR 36 kV 400 amp.
(3179)
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Item
No. Quantity
10 (2)
2
3
3
2
2
4
4
2
4
4
4
4
4
4
4
2
2
2
11 (1)
9
Notes:

(1) Supply Source - Italy
(2) Supply Source - U.K.
(3) Supply Source - U.S.

(3179)

Table A-11 (Continued)

Description

Prom GEC Instrument Britain

Low Prequency Reley type FTG

Differencial Reley type DDGT.31FF2212A5
Sensitive Earth Volt Reley type CTU 15AF2001AS5
Pilo Wire Protection Reley type DSF7 mark
DSFIRF2115A

Stanteneus Overcurrent Reley CAGll

Overcurrent and Earth Volt Reley type CDGll & 16
Inverse Time Earth Volt Reley type CDG 12
Definite Time Delav Reley type VTT

Voltage Selection Reley type VAP22

Overcurrent and Earthfault Reley type
CDG31PP212385

Tripping Reley type VAJ, MARK VAJY

11BP2044BA

Earthing Overcurrent Reley type CDG,

Mark CDG12AP2302GS

Underfrequency Time Delay, VIT Mark VTT11NG2070C
No Voltage Reley, type Van Mark VAU SPECIRF1096T
Low Voltage Reley, tvpe Var Mark VAR113BF 2002A
Voltage Selection Reley type VAP, Mark
VAP22NG2001A

Tripping Reley, type VAA Mark VAAllAF3201AB
Underfrequency Releys type PTG Mark
FTG11AF2131A5

Single Pole Voltage Transformers

Type VRS 17B. 15000: 3 Italy

A-18



Item
No.

(3179)

Table A-12

ELECTRICAL PARTS REQUIRED FOR REHABILITATION OF CENTRALE
DIESEL ENGINES #5, #6 AND #7

Supply Source: Manufacturer Pellizari, Italy

Quantity
2

For Engine
No.

One each for
engines 6&7

One each for
engines 5&6

A-19

Description
Alternator 2,700 kVA, 380 Volts

Switch Board



Guornisione

Table A-13

MECHANICAL SPARES REQUIRED FOR 2 YEARS OPERATION
OF CENTRALE DIESEL ENGINES #5 THROUGH #8

BV12N356

Source of Supply: Manufacturer (Germany and Italy)

PEZZI DI RICAMBIO

X DEPURATORI FUEL MOPX 210 N= 2

DESCRIZIONE

323408 - 04
67675
323406 - 31
190603
73312
71866

Hanmetrom $26306-01
¢ = 532773.01
Tormonetrows 372 56-01
Monometro Per Olios §54775-01

" * e 543084-01

Cuarni 8i onen?1320

71322
=223408-04

Teppi =518549-01
Cesrnisionen223412.08

47575
=$7587
w2440
=223401-77
*=517774 ~02

Ferodi = 539136 =82
Yetro 0!iow38638

(3144H)

A-20

QUANTITA

(FOR 4 ENGINES)

»
o
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http:mS18549.01
http:526306.01

(3144H)

DESCRIZIONE

DEPORATORI ZIRS OLIO TIPO MOPX 308

Guarnieione
[

OLE «328234 -33

K

-

CGuarnisions =

Toppi=Sit864=01
Ueellinpt43s

Guornisiene =

Susporto Leape Camtripedons 0219 «0 3
fompo Contrigado = 531500 «0 1
FerodinS10478-81

Yetro Spia Olie = 8839

Table A-13 (continued)

PEZZI DI RICAMBIO

X DEPRERATORI E IMPIANTI

223406~10
23403112
23jo06-29
74067

15
517794 »0 6
323406 <2 8
323408 «0 3
323404 ~0 6
®031s
$2193% <0 1
531033 «0 1

32408 =9
333408 4

521863.-0 1
531875 <0 ¢
233401 -2 8
233312 <0 2

QUANTITA
(POR 4 ENGINES)

A-21
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Table A-13 (Continued)

PEZZI DI RICAMBIO

X IMPIANTO DELLE 6 CENTRIFUGHE

DESCRIZIONE
Cuarnisions ® 23331303
%bi Ploss; bij} $34115%-8Q
Cuarnieions - 23331806
Tubi Flossibill = $38370-80
Gurppo Formosione e dasco aguas 00080280
Yolvile S Vie = 7016051=11
. ¢ e - 703945710
Babine » 901605101
Clattro Yalwols = 7003493-05
Bobine - 900407308
' Presscheto - 770360~ 03
Tiestlax Tipe Uotned 12
A-22

QUANTITA
(FOR 4 ENGINES)
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Table A-13 (Continued)

JAMHUURIYADDA DIMOQRAADIGGA SOOMAALIYA
WAKAALADDA XOOGGA KORONTADDA UMMADDAA

Klnp- MAAREEYAHA WAAXDA FARSAMADA @wxky  28/12/85
MUOD ISHO

UJ:= Rics-dio Ocorenti Per | Motori Deuts BV12M,350=N,5,6.7.8.

(Otto) Pone 0'ia Con Ingarncapi di Co oncdo 38 Dent Costr,ce BVI2M 3¢
0114 - 3 -C 114 -34 -0114 - 40 = 45 '

'
{ '
214 } (Quettro) Valve'c Por Messen,In Mareir (Atorti ng Morter Valve' G st £ 132
3 ‘ 4 !(Ouattro\ Rogolntoro YWood YWord (Governcr,.iG,8-0129)
4 !20 (Fenti) Searicatori di Condensn.G,T.8-1/Mode! Max~8 Na-ero 89..
: (lnbfanta e Ard-ya OQuadro ML ).
5 |20 (Fenti) Scoricatori di Condensa Tipo FT3.Press Per D,88
6 4 | {OCuottro) Pompo Center fuge Per Alte Presion: Tipe H,T-40/1-.8 A B65/
1-101 8 =17 <2900 (Per Vnnore) .
7,4 (Cuotttro) Oerom Tipe 61F 6 Floctsss Swicht.Roted.Veltege ac
110/220V E re 8 Voltage.
- l OMON,TATEIS! ELECTRNICS CO PER L AQUA,
8 |300| Lromadine B4V 1-S Watt,Br, 73CSRAM,
O |250] Fusaibi!'i o Cortuceie 1414 <4A
10 100 . b i . 14106-6A
11~ 1100 . c = . 12320204
12 1100 b > = il 1412525A
13 100 i o - i 13232324
14 100 i LA b 14144040A
15 iloo d ® WABER 33 A S00V,
16 '100 1 DIAS 4A 500V GL/91 Nuwro 525622,
17 ‘100 b 16A 500V Kenoker Nurero 5/5016
18 llC‘O 1 4A S00V Nurero 5 SA12
19 '100 » v 6A 38%0¥
-20 ,100 > & = s Cartuceie 380V 32V.
21. {100 ® ® & , Ledner 6A SOOV GL
22 '100 Valredr,Tipe ULCSV/R22050 YOLT2220 MZ.50 VA1 2ATE 10 fER Yalvd a 7
' FRAFALIOD] C A DAIOG,
23 ‘8 VAlvola di Frensieale SANI D, P?T, 250/0400m R0 Tipo Se in Nzn/sudo CS.T
7
24 110 [fDieci‘Tesnnva V.Le STEVIO S "'nno 'tn'..-v..hﬂp"n A 'm/'--n Nyam -
2 ' &’ oo 0t Yui 4l ..n. v . ’”
! Vicaes o, ‘liir 0 o
(3144H) b LAY i 31 AN

MAAIRILALIA A"‘"l"f. 1ATO ANIA: 3N
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Table A-13 (Continued)

BAZAMENTO 350 GURUPPO DI COSTNISIONE BV12M350

A-24

QUANTITA

DESCRIZIONE (FOR 4 ENGINES)
- 3 Tappo 40
- 4 Anello di Terthe.e52x60 Din 7603 @ 96
- 5 Tappo Con Protesions di Zinso 48
- 6 R igienlero 384
- 7 Rosetta %4
- 8 Deda esagonal le 384
- 9 CSusraizions Per Flagia Ovale 48
- 10 Flagle 48
- 11 Vite Testa essponalio m10x30 Din

N & 96
- 13 Anslio Tonda & goans 96
- 14 Amello Tonda di gomme 48
- 15 Guarnizions Fra tostta Cilindrics 48
- 16 Spina Cilindrica 16w 6x24 Din 7 20
- 17 Spina Cilindrice 16m6x24 Din 7 20
- 18 Yappo 48




Table A-13 (Continued)

GURPO DI CONCHISIONE BV12M350

QUANTITA
DESCRIZIONE (FOR 4 ENGINES)
0106 - 3 Boceol lo delle Spinatte £
. - 4 Tappo Conintayl |l %
. - S Spino Cilindrica 16wlxn24 Din 7 4
® = 6  Spine Cllindrleo 1636 Din 7 24
o - 7 Spine Cllinurica 16r6x28 Din -4
- - 8 R igioniere 96
. - 9 Rosett» 9oC”
. - 10 Dado da integl! m3Ox2 Din 935 & 96
4 - 11 Coppigll XSS Din 94 196
. - 12 Splos Cllindrica 8u6x120 Din 2 48
o - 13 Seminallo di resesonto 24
b - Y Plastrina dl Sleurezs Con nasello 7
” - 15 Vits atosts esegonellc o8x18 Din
KBIs &% 120
- 16 Seainallo di Fissaggio 24
- 17 Spine cilindrice Suéxid Din 7: a8
o - 18 Plastrine di Slicurczza Con encllo
¥ 8,4 Din 93 St. 8
o - 19 Cussinotto dello Bielie 24
. - 2 Cuselnetts della Benes %
(3144H)
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Table A-13 (Continued)

GURPO DI CONCHISIONE BV12M350

A-26

QUANTITA

DESCRIZIONE (FOR 4 ENGINES)
- S Testa Cilindro 6
- 7 Coperehio 48
- 11 Cuerniziene 100
- 12 " VYita s Testges sagonale M10x12

Din 9332 & 250
- 14 Coperchie -
- 15 Suernisions J7 50
- 16 Vite a Tosts esegonale M10x20 8in

3= 86 150

- 17 Anello di Teautte A6Ox68 Din 7603 Cu |- S0
- 19 Aoelio Di Temutta 50
- 20 Cannctto 4
- 21 anslle di Taautta 50
-2 Flengla U4
- 33 Prigioniero anldx3S Din 939 - 65 - 50
- 26 Cusmaizions i Beuss 2 50
- 37 Cuarniziens 56 DIN 7151161 Deuts 2 - 50
- 38 Entrote scque 50
- 29 ansllo di Tanutta 50
- 30 Vitta Testa esegonsle a10x40 Din 933a G 100
-3 Vitta tests ssagoneie n10x28 Din 933m,8| 100
- 33 Valvela indicetries 24
- 34 Anslle di Siowesa 100
- 48 Seatelle 4
=46 Reccerds . 4
- 47 Anclle dI Tenuvtta 100
- 50 Cuarniziene @i Deyrr 2 )
- 52 Amslio di Tenutta e3tudd.Lin 7603 Cu 100
- 83 Cuarniziene 19
- 84 Recoorda 50



Table A-13 (Continued)

VALVOLA DI ASPIROZIONE DI SCARICO
GRUPPO COSTRUZIONE

QUANTITA
DESCRIZIONE !FOR 4 ENGINES)
0108 - N1 Vatvola di aspirozions Cost de
- 0108.76 =77 12

Conteru Caplet! di-Velvola Disbesthro
di Rottozlone Dewt,

- - R Yalvola Scarico Costda 0D B 75.76.
78 Contero Completo Fimo 92-?

» - 89 Arello di Tenute

i - 9 Anello di Terute

o 91 . DI Tenwte A30X38 Din 7603 Cu

. -9 Ansllo di Tenuta A35X1,5 ec 73102
NOTDORE BY 12K 350

RICANB] ACCORRENTE PER GRUPPPO 350

N, 100 = Ellementosfiltro A Contuccio da Mafita
b 100 = Eljemento Filtro Turbo Comprezzore

, Retongal
L 4 = Dinosms Tacchictore del laeTippe GA.132
. 4 = Contigin Elettrica della uens Tiepo =

Cuarnizione Scarico
Cuarnizions assprizioms
Refri Crante Aria
¢ Sowrelimentaziohe
012358 16 -100

(3144H)
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Table A-13 (Continued)

ORGANI DI DISTRIBUZIONE PER ASPIRAZIONE E SCARICO
GRUPPO DI COSTRUZIONE

QUANTITA
DESCRIZIONE ' (FOR 4 ENGINES)
01l e« 45 Perne di guida 48
0112 - 46 Anslle di Temuma 48
. = &7.  Plastro di Sicurosse 48
i o 48 Vits a Tosta escponelo
=12X1S Dim 933a8 ¢ [
‘. =, 49  Angolars 48
o - 1) Angelere 48
d - 8 Vite a testa coaponale ofxn13
Oin 933= & -]
® e« B Cuaralzione 43
o - 8 Fasoetts di Plesegpio 48
. - L7 Steffa di Flacogple 49
» - L1 ] Vite Testa Eragomsle o8X25
Din Q3= % 48
(3144H1)
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0117

Y

143

145
146
147
148
149
1%
151

183
154
155
156
157
158
159
160
161
162
143
164
155
166
167
168
16
i
171
172
173
174
178

176
179

180

Table A-13 (Continued)

POMPA DI INIEZIONE

GRUPPO DI COSTRUZIONE BV12M350

QUANTITA
(FOR_4 ENGINES)

(Page 1)
DESCRIZIONE
Boocola di seregnio 6X16 DIN 1483

tiolla Elicoidale
Guarnisione 36 DIN 71511 DUTZ DW 20

Folngie

Ansllo tonda di Gocraa
[ [ J ' J -
[ 4 [ J o [ J

Sfora § 10111 DY 401
Pringsnierc di Dilatasione
Spina Cllindrica
Piastrina di Pisaggio
Ascordo A13/10 DIN 2612

®  M8/13 * 612
Accordo Orientabilo A4 DIN 7623

i . A6 " 7623
- [ Aa [ 4 7&3
e o Al * 1623

Doppie Racoordo Orientanile
Roccordo @I 9624
Valvola Por Tonore Cowtante la Pressi
Ingarneggio oj.
Pignore di Forniro: con 0117 34
Valvolo di Sovranraaninne Cost do Corpg
Prigieniore nICRICDIR 838 - §,8
Crparchio Cost du 0119163173
Coalruhio

Guarniziono

“anopale

Ansllo di Sicurwmz i6xt 471

Filtro

Anollo di TomutaeAl12x58e5 Din 7603 Cu
Serbatoio di Conponsasione '
Tubasione del Combustibile

Tubasiene di Troppo Dieno
M'b.w3.0‘*' | IS QWY BIO gLy

duch 16 26x1e5 Oin 7607 }
A-29

12



(Page 2)
QUANTITA
DESCRIZIONE (FOR_4 ENGINES)
0117 = 161 Leva di Arresto 4
" = 182 Albero di Arresto 4
® = 183 Tubuzione defi’lio 4
? « 184 Tubazions dell®0lio 4
® « 185 Anslio 4
¥ « 186 Chiaveta Calbirata ASX540 DIN 6865 4
¥ « 187 Coperchio 4
® « 188 Vite sttesta esagola ASX25 DIN 933M80 12
® « 189 Manlcotto Filstetto 54
¥ « 190 Camme 8
®? = 191 Anello di tenotta a,10X13-5 DIN 7603 CU 2
% 192 o o . ae13X15,5 * 7603 Cu 30
* - 193 “@ - T epldX18, " 7603 CU 30
" <194 L ®  gel6X22 * 7603 CU 18
" .95 * = & 8122 ~ 9603 CU 20
* - 196 > = . 8o18X24 # 92603 cu 28
* - 197 . » . 0020X24 ® 7608 v 8
* - 198 & = e ae34X32 ® %603 Cu 8
" =19 e c  epafXd1 " 7603 Cu 20
® . 200 & » ¥ ag30X36 * 7603 Cu 30
* . 201 ®  8422X27 * 7603 CU 8
" «202 Let “* Rinfic ngx 8
® « 203 Perne 8
® « 204 Spina Cilindrice B Gm6X40 DIN 7 g
¥ = 205 YVita di testa Esagonale n8X30 DIN o32n8G ! 8
® « 206 Vito Esagonale w8X65 DIN 93180 20
¥ « 207 Rosetta s
¥ o 208 Scstole Por comandd ausiliario 8
® « 209 Boceola Per Cucinetto ! 20
® - 219 Ahara "
® . 211 Lleve i
® . 212 Boccols di sersgg:iv 6X36 DIN 1481 i .
®» _ 213 Cucinetto sfere G082 Re 991. 5 i 13
|

Table A-13 (Continued)

POMPA DI INIEZIONE
GRUPPO DI COSTRUZIONE BV12M350

A-30




0117 = 234

"o 218
e 216
- 317
- 218
- 219
- 220
- 221
- 2322
- 233
- 224

- 2325 .

- 336
- 227
- 228
- 329
- 230
- 1N
- 32
- 233
h 7
. 235
- 336
- 337
- 238
- 239
- 240
- 241
- 242
- 243
- 244
- 243
- 247

- 2

- 49
- 25

DESCRIZIONE

Table A-13 (Continued)

POMPA DI INIEZIONE
GRUPPO_DI COSTRUZIONE ! .2M35

0

(Page 3)

Porno BREX22X18,5 DIN 1434

Llova

Porno OKEX22X18,5 * 1434

Rooette

Copio Olto 145X15 DIN B4

Anolto

Anollo di Sioyrozsa 22M1,2 DIN 461

Copercliio

Cuarnisions

Vito

Guorndaione

Rosetta 13 DIN 128

Vita & testa ELsogomnie uilX140 DIN 931.10K:
Nenieotta

Prigionierc n8X3S DIN 835-65
RXHDE Poupe Dell?0Mic

Corpo dolle Popa

® Porno

tolla Elioviale

P’ stuno

Rulfo dallis Coume

Purmu

Anollo di Sicuresza 8x0,5 Din 478
Spinn 6638 DPin 1475

Fijtro arete Ystolico

Avollo d! Jiouroxze 32x1,5 Din 471
Suorni ziane

3fara J 10maeill 0'n 5401

‘wilo elicodale .
Rogsurdo Oriontobifo A10 Din 7623
Guornisione AlGm32 D.n 2603 Cu
Ansllo di Sicurezzo 12x1 Din 471

Anallo Tond ¢ Gouaws
Lovn
Guut'ni 8ione
Filteu o rote listallioa
A-31

QUANTITA

r— - -

(FOR 4 ENGINES)

w
12
8
s
8
20
ac
L I
8
8
10

8
o4
20

M O s e M e W D

= ps pa, ™ e se
o9 weoa8s

[~
W &

410

W’



(3144H)

Table

A-13 (Continued)

POMPA DI INIEZIONE

GRUPPO DI COSTRUZIONE BV12M350

DESCRIZIONE

0117° « 351 Nooett:

= 258 Vite a Tosto Eaog
- 253 W;Q
o 254 Guoenisiono

= 355 Vita a Tosts Cilindrios 28X25D1IN92268
= 256 Rooetts Elostion 8DINY980

= 387 Bocevla Filetota

(Page 4)

(FOR 4 ENGINES)

inole n6X25 D) N93h3ﬁ

QUANTITA

S & & e a0 b

A-32



Table A~13 (Continued)

INIETTORE TIPO LORANGE RAFFREDDATO
GRUPPO DI COSTRUZIONE BV12M350

0119 <« 103
il - 104
i - 10§
» - 107
. - 308
. - 109

- 114

- 313

- 116

- 117

- 118

- 119

- 120

- 121

- 122

- 132

- 124

- 128

- 127

- 128

- 129

- 130

- 12

. - 145

(3144H)

QUANTITA

(POR_4 ENGINES)

Iniettere re treddato Costituito da
Corpo del! Inict tore con Spine
Filietatata beccolo Spina Cllindr}
(Coet da , 0119-103,104,106,131)
Spine Filetatta :

Spina Filetats

Boceola

Vite di reglstasione

Recoords evvitats

Anello Tondo di gomma 16x3

Dado d testa esagonale

Spina Cilindrica Swbx16 Din 7
Slattalio sede Nole

Perane

Racecrde Per Tibaziene di mendate
Racoondo Per tbazione di Mandada
Recoordo di Pamagio

Filtro a retoiletallia

Dade de! Polvenazstors

8osselo Tippe Nefta Pesent

Aoslfe dl Tenuts A 38x44 Dia 7603
Molla Blicoidal e,

Ansllo di Temta & 12x46 Din 7603
Vite di reglistraszions .’

Vits Cave AGD I 7623 +

Anello di Tentas AlOxi4 Din 7603

Spine Cliindrice &8 Din 1473

Cappello de! Polvonzzatore Tipe . .
' Nefeo Pouento 6x0,5 ¢ .uor

A-33

12
100

100

3 O]

12
12

12
12
2

12
50
100

L < Y



Table A-13 (continued)

VALVOLA DI _TROPPO PIENO MOTORE BV12M350

QUANTITA
DESCRIZIONE {(FOR 4 ENGINES)
0121 « &  Valvole DI troppo Pleno 4
Cost da 0121-2 Sinc a 0121 8
0121 - 2 Corpo dells Yalvole 2
* - 3 Yelvola 2
. - 4 Vite VYegistrazione 2
. - § Porno di Registrasione 2
® . 6 Molla s Licoidale 3
e - 7 Dado 18a 26x1,5 8in 7606 2
bl - 8 Anello di Tenuta A18x24 Din 7603 Cu 2

(3144H)
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Table A-13 (Continued)

DISTRIBUTORE STELLA GER AVVIAMENTO AD ARIA COMPRISSA
GRUPPO_ DI COSTRUZIONE BV12M350

QUANTITA
DESCRIZIONE (FOR 4 ENGINES)
0130 -3 Sestolo 1
0030 5§ Boccola da Fornirsi insieme 6
i -6 Distr ibutore 6
e 7 « Spine Cillndrice 6
» -8 Rosetta Cilindrics é
’ -9 Nolle elicoldale 6
. =10 Teppo s
. e1l=  Anello di Tenuta A14x32 Din 7603 Cu 6
» «12 Yappo 1
o =14 Anello di Tenute A14X32 Din 7603 Cu 12
o « 48  Vite a Testa sssgonale M10X65 Din
931 =8 ¢ 4
- -15 Vite Cava 8 Din 7623 6
i -17 Guarnizions Jto 1
. -18 Cuffia 1
i «19 Vite & Teste E.‘eon.lo =8X¥0 Din 931-8% 2
. «20 Spina Cllindrics 6u6X16 Din 7

(3144H4)
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Table A-13 (continued)

VALVOLE DI AVRIAMENTO
GRUPPO DI COSTRUZIONE BV12M350

QUANTITA

(FOR 4 ENGINES)

(Page 1)
DESCRIZIONE
‘0131 /' = 7 Corppo delle Balwvole 12
* -8 Stallo Dolla Valvole ”
* a9 Rosette 12
ol «10 C1) Indrotto -
AR § | Pistonsino 12
’ 12 Faccie E jestics Por Platoncine
A70x3 e Din 23102 In beonso
* 13 foperchio Por Cilindrotte
LA 73 Postons!no -
o =15 Fasala € Lastice -
» 16 Molle Ellcoldale 12
b 17 Prigloncre ea 16230 Din B%6-8 48
" 18 Prgdonoro am  14x38 Din MW 06sS -
LS Dado Essgonelc M16 Din Baid » 48
Y =30 Oado Esegonslo wld Dia 9BeaS S o
. =2l Amslio di Tenuts A14x18 Din 7608 Cul6
. =22 inpressattore Stas!lor 12
A $1] Decde od Intogll 20x1,S Din 935S Si3
* -2 Coplella 4x40 Din M ' 12
o «38 Teppo ' 12
* .26 Vits dl reglistrasiono A7% & Din
7603 Q 12
. «2? Anslio di Tenute ATSx834 Din 203 Cu
" «38 Cll indrette
b -39 Amello Toade dI Gom:e 12
Y~ | Plrigluniors ax 160100 0y 2 9.C 2
i 33 enslleo Di Tonute A38xdé4 Din 72603 Cu
L =54 Sede Velwvele
o =35 Cerppe dolle Velvele
286 Nella ¥ alvele

A-36
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(3144H)

(Page 2)
QUANTITA
DESCRIZIONE (FOR_4 ENGINES)
0131/~ 61 A stensine . 12
e .6 Fescie e Lactien AS2x2, S os DIN
: 102 in brenso 36
* 66 Coporshle 2
* -6 Vite Tosta Esagonsle ol 13 Din 85.58 48
s .0 foevtta o Lasties 03 Din 127 48
. Plengle 13
f -P Rustta Sforica 0 17 Din 6229 - 24
f. =N "Vite o testa ssagormie glé oqg-'eaa:sqt- . »
® «n Aonile di Temta A10x14 Din 7603 Cu 7}
* N Yitc di roglieraziom 12
s o XN dade d) Registresienc 13
® <1 ‘Vite o Vesta ccegonsle wludS Oin 931 13
c 0 Rosstts o Lastice B8 D3 g 137 -}
* e Oeda.eseponsie o8 Din 9a S 8 12

Table A-13 (Continued)

VALVOLE DI AVRIAMENTO
GRUPPO DI COSTRUZIONE BV12M350

A-37



Table A-13 (continued)

QUANTITA

DESCRIZIONE (FOR 4 ENGINES)

10

| 1]

(3144H)

Porps Cocplets Autollav

Dello o joareSipo CP2edOaVolt 32380

2 50 Pamcoere N 4 Ats Cod $40 33.91 -

Tents lecesaighie per pemps lejoar Tipe CPB-40
Yalvole sluealnre doile Corrare per Colalale

Vipo €3 30F attacal Entrets Din 25 [¢))
?mll...!mbla“(i-})

Valvole Sorro Comsndete Puoiatiche

Tipo PL 600 Per blocoo ontrote Confustinle lotore
Filerl Po nafta nore oleltrioe pmssnstico

Bale Boll BeckaFlushing ¢lpo 64201

%32 3,K,313 273,

Yelvola 377 delle Jlldm?ewgoolm

SR 50 37T ON 20 Pusione Mox 16 Bar,

Yalvele 377 delfe Jucker Ror Terunonpoletons + R $O3JT
O N 32 Presiene lax 16 Ber

Pepaletors di Tuperetus X Yepove delle Carroro D3 S-NS840L/83
Repalctors di Tuporotue X Sepove delle Carrove DnZS.N58401/ 83
Campe d) Teretwra W 118

Ropaletore ei! Tupsrsture X Yopere hlle (Avvaro Din 15A
Re58444 Conpe ¢i Veretudo Sou100e

Ferslo Vubire per Yapore delia Roshinsaell . JelhaiT e bav
OofeBIW, 466 Moustadt Nied Fabro Mo 774415415 %3

alt 30 «28 sipe OVOX . 6,

Presions Max ¢ - 16 Ber tenporetors llen 150° .00°

K CAL/n 38000,

A-38
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Table A-14

MECHANICAL SPARES REQUIRED FOR 2 YEARS OPERATION OF
CENTRALE DIESEL ENGINES #1 AND #4

Source of Supply: Manufacturer (Italy)

CATALGO D.7761-1 MOTORE BV.6.M.366

QTY. POR 2 UNITS DESCRIZIONE
- A . |
~ 112 Valvela Asprizione o Scerive Fig 1101,1103-1 8
50 [Taopl 25X10 Con Ane!ti Fig 1124 -1125.11
16 |Velvole Sosrico Con Zede Valvele Flg | 1110 -1117
100 Fasce Elestice Fig 1131
16 yv!vn'o «Sorizione Con Scde Valvole Fig 1103 <1110
200 CSuarnizione Snriziene E Soerice Fig 1332
2 Coletore di Seerise Co-plette Fig M 1372
' « .i'on‘!cri
24 Bilencicr! Sprizione o Scarice Fig 1207 - 1208
10 Aste Bilenclieri Sprisiens o Sceriee Fig 1258
20 Filhrunds Biichee Fig {118 g2
20 Aneil | . Fig 12156 . 1215
VALYOLA D! MARCIA
1 YalvolaoPer 1o Meses Nergie Fig 5964C - DDC
4 Dodl ad Inmtag! i Flg 5995 ¢
[ Cenigli 4 X3S Din .9, ‘ Flg | $988 .C
4 Pistanvie, D! guide, Fig . ~5®q ¢
4 Valvoln Fig 5084 .C
4 Ye've'e Fie 5978 .c
8 Mo'le e'fandinle Fig 5989 ¢
20 Anel!} di Teautta Fig 5992,¢
20 Ane!li di Tenyta Plg 3969,.C
VALYOLA PEN LA JESSA W wein —
20 Vite 4 Testa esagonale, W16X43 Din 931 Fig $9%47 -
10 Besacle : Fig 5096 .C
» Fozos Llastine Pig 3991 ¢
-] Fezoe Ciactioe Fig 5969 .&
10 Ameile di Siewresd 20X1,2 Oin 471 Fig 5981 .C
»N Anslle d! Tamrte 4,16X48 Din 91 41 5970 ¢
10 [Flieri o Vote Flo . RGh A
A-39



QTY. FOR 2 UNITS

Table A-~14 (Continued)

MOTORE BV6M-366
CATALGE BVm=-366.D.7761-1

DESCRIZIONE

3

1
b |

8388,y

sl

(3144H)

Biella Compfstte .

&n:lutﬂ Blella

Vite Blelle

Ded{ Blells

Cuzoiivtsi Banes

Cuzsinetti Bance

Serle D} Pistonl

Serje oll Caniele
Gueraizions Fra t-sta o Ceniecle
Aneli} di Comme Cemlele

Amel i}

Spugll Rubinets)

Serie Pass o Lastise $20x390x10

Serle Razchisshia 300A420
" Anslil - Sesger 180né Dinm 472

A=-40

"ﬂo
Pie
Flg| . NS

"+

Fig

2 saa

o T w3 ™e

6.CMLINDRI

'n.l'm Coaposte

.Fis P1=721

u, 731
- 714

' 431133

; 149150

* 600.®1.608
- 50050193

: 903

K

- 811

- 810

* 608

" 607
éos

.




Table A-14 (Continued)

RICAMBI PER POMPE INIEZIONE
MOTORE DEUTZ-BV6M366

QTY. FOR 2 UNITS DESCRIZIONE
.',;_‘__‘ 2 fospo  Inlenione Complotto
g 4 Pecpe Al )caslene Nofite
(’/ﬂ. 4 Serle Cuosinets! Por Twrbo Copressore Brown Bever|
" M 100, Sriglonteri Com Dedi Poer Pordine |
Ne S Rotel} Ges » Sintatica Por Cusrnizions da mg.
W 100  Torco-etr! o 600 Gradi Per Tomtate
N. 10 tlone etri Air Prenrione Turbine
N S0 Vo'w;"o ﬁf ePney Conlctte Por Pora
R, 100 Achi Com Besan'e,
N, 100 qu'rov-l
Ne. 10  Sentois Swuntin'to ( Pnrta, Cirborundu-:)
ORIGINALE ~CRANA 500 .OOMUNA DA Ko 0.5
He 30 Vaolveiu Asirent! E Premonti Fig| 1717 -1718.1720-172¢
B 8 Swoorte Billenseri Povo Co busf Pid 1746 |
N 8 Albore ® . “ 1 ny 174
No 16 Anellj dl Floseggio B/3-D,J08 Plg 1744
H. 16 Pesze Conles 4X30 D) Spine Fig 21249
e 24 Lleve Bilaneere Pesne Comn Fig 1240
N, 48 Pornl ® = @ " 1738
Fo 144 Suesseri Poupe Combuet Fi 1737
Ne 24 Yalvela 0 Trene Plem Fi 17266
N, 6 Vit! DI Presrlons .ifospe Coro ] 1264
(3144H)
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Table A-14 (Continued)

RICAMBI PER POMPE INIEZIONE
MOTORE DEUTZ-BV6M366

QTY. FOR 2 UNITS DESCRIZIONE
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Appendix B

PROPOSED MANPOWER TRAINING AND DEVELOPMENT PROGRAMS

VOCATIONAL AND TECHNICAL TRAINING FOR GENERATION SYSTEM PERSONNEL

Pre-technician - A formal full-time apprenticeship program
shall be introduced both at Centrale and Gezira stations.
In addition to on-the-job training, classroom lectures
should be conducted. The classroom lectures can either be
conducted by the line supervisor or by technical school
teachers. Students from technical schools should be
encouraged to work at the power plant for one semester of
training per year. This will be mutually helpful as the
students will receive practical training and plant
management will be supplied with qualified new employees,

Technicians - Course and classroom lectures should be
provided to the operators and technicians. The program
should place specific emphasis on plant and auxiliary
equipment operations; records and data maintenance;
generation control, start-up and shut down; maintenance of
plant tools and equipment; housekeeping; and preventive
maintenance. Particular instruction should be given in the
advanced contiul and monitoring systems required by modern
steam plants.

Supervisory training should also be given to promising
technicians and operators who evidence a willingness to
accept responsibility. The classroom lectures can either be
taught by ENEE supervisors and management staff or by
lecturers from technical schools and colleges.

Supervisors - The training course should offer participants
an introduction to the basic management skills required
diesel and steam power system operations. The course
content should stress design considerations, generation
requirements and expansion planning, materials and equipment
standards and specifications, load management techniques,
construction supervision and work planning, planned
preventive maintenance program, implementation of schedule,
record data maintenance and budget preparation.

Managers - Managers should be scheduled for overseas
electric utility system generation, transmission and
distribution management courses. This experience will
provide exposure to state-of-the-art technology and
management techniques, Participants should also be offered
short-term courses in system and project planning,



construction, operation and maintenance management in
' Mogadishu. Each development experience would be adapted to
the individual manager's need.

2.0 TRAINING PROGRAM FOR VOCATIONAL JOBS

o Operations

- Substation Operators

Electric System Operation Theory (Intermediate Level);
Protective Equipment Operation; Relay System Operation;
Operating Safety and "Red-Taging®; Daily Operating and
Outage Reports; Equipment Inspection Routines; and
Operator Qualification Examination

o Construction
- Technicians

Electric System Operation Theory (Senior Level);
Electric System Equipment Standards; Design Standards
and Specifications; Relay System Theory and Design;
Safety Standards and Manual Preparation; Equipment
Operating and Maintenance Manual Preparation; Inspection
Routine Documentation; and Qualification Examination
Preparation and Administration

- Linemen (15 kV) Primary

Climbing Techniques and Lineman Tool Use; Lineman Tool
Maintenance; Circuit Security Procedures; Line Hardware
Use and Installation Practice; Transformer Installation
and Practice; Protective Equipment Installation and
Practice; Line Stringing and Practice; and Lineman
Qualification Examination (Written and Field)

= Linemen (380/220 V) Secondary

Climbing Techniques and Lineman Tool Use (LV); Lineman
Tool Maintenance; Secondary Circuit Security Procedures;
Line Hardware Use and Installation Practice; Transformer
Fusing, Disconnect and Replacement; Service Drop
Installation and Practice; Customer Premise PFuse and
Breaker Installation; Safety Standards and Practices;
and Lineman Qualification Examination

o Maintenance

- Technicians

(3165H)
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Include all under construction training; Cable Testing
Procedures and Pield Application; Pault Location and
Isolation Procedures; Electric Equipment Pailure and
Analysis Reports; Line Construction and Maintenance
Equipment and Tool Inspection, Repair and Replacement
Reports; and Development of New Construction and
Maintenance Procedures

Linemen

Include all under construction training; Equipment Fault
Recognition and Isolation Procedures; Equipment and Line
Removal Procedures: and Maintenance Reports and
Replacement Requisition Procedures

Craftsmen

Engine Mechanics

Diesel Engine Theory (Intermediate Level): Engine
Overhaul "Hands-on" Training, including all systems;
Fuel, Cooling, Lubricating, Electrical, Transmission,
etc.; Use of Engine Diagnostic Machine; Use of Machine
Tools for Spare Parts Manufacture; Welding Instruction
and Equipment Use; Use of Mechanics Handtools, including
maintenance and storage; and Mechanic Qualification
Examination (Written and "Hands-on")

Bydraulic Systems Mechanics

Hydraulic Control Systems Theory (intermediate);
Controller and Pump Overhauling including
servo-mechanisms; pilot valves, pump impellers, lines,
strainer, reservoirs; Instrument and gauge repair; Test
bench procedures; Use of Machine Tools for Spr~~e Parts
Manufacture; Use of Mechanics Hand Tools, including
maintenance and storage; and Hydraulic Mechanic
Qualification Examination (Written and ,"Hands-on")

Electricians

Electrical Control Systems Theory tor Mobile Equipment
(Intermediate); Electrical Control Inspection,
Replacement and Repair, Theory and "Hands-on®; Use of
Electrical Control System Diagnostic Equipment; Use of
Machine Tools for Spare Parts Manufacture; Use of
Electrician's Hand Tools, including maintenance and
Storage; and, Electrician's Qualification Examination
(Weitten and °*Hands-on®)

B-3



3.0

(31654)

- Tire and Brake Mechanic

Tire Treatment, Wear, Repair and Replacement Standards;
Tire Inspection Procedures and Frequency; Tire Wear
Causes, Recognition and Correction and Records; Tire
Removal, Replacement and Proper Inflation; New Tire
Storage and Inventory: Used Tire Storage and Salvage;
Brake System Operation Instruction; Brake System
Inspection and Repair and Records; Brake System Testing
and Records; and Mechanics Qualification Examination
(Written and "Hands-on").

TRAINING PROGRAM FOR TRANSMISSIONS AND DISTRIBUTION ENGINEERS
Distribution Protective Devices

Principles of protection, fuses, breakers disconnect
switches, sectionalizers, transformer protection; arc
interruption theory; lightning theory and surge arrestors;
basic distribution circuits and systems; and reclosure
theory and operation.

Substation Operation and Maintenance

Protective devices; primary cable installation, grounding,
bus connection; control wiring, meter and test equipment,
protective devices, station services transfer switches,
batteries; circuit breakers, voltage regqulators, station
capacitor banks, transformers and switching.

Line Equipment Maintenance

Basic theory and principles of maintenance; protective
devices; AC distribution systems; three-phase connections;
power transformer; control system of regulators;
distribution line connections; inductance and capacitance
and the functions of capacitors.

Meter Test and Repair

Electric terms and the watt-hour meter; introduction to
testing of meters; single phase and three-phase meters;
indicating demand meters; instrument transformer; recording
demand meters; station metering and instruments.

Construction Supervision

Design theory; standards and specifications for materials
and construction; construction techniques; inspection
procedures; job training and safety practices; proper record
and accounting controls; work planning and scheduling.

B-4 \I\‘D
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DEVELOPMENT PROGRAM FOR ENEE MANAGERS
Distribution System Engineering

Planning and Design - Subject material would include:

short~ and long-range system planning; construction
standards and specifications; equipment specifications;
system design (overhead and underground - single-phase and
three-phase); system mapping and circuit diagrams; load
forecasting; modern load management teinnology; service area
load requirements; substation design; transformer loading;
voltage studies; sectionalizing studies; fault current
studies and protection coordination.

Construction ~ Subject material would include: construction
planning; design and specifications materials control;
conformance to construction standards; construction
supervision; work order procedures; inspection procedures
(pole, line, line equipment, substation); and right-of-way
clearing.

Operations and Maintenance - Subject material would

include: planned preventive maintenance programs; work
plans; distribution equipment operations and maintenance;
maintenance records; outage reports; system load analysis;
improving the load factor; identifying peak loads; recent
developments in load-management equipment technology and its
application; materials management; meter test and repair;
sectionalizing; line sagging; pole treatment; transformer
loading; substation (configuration, operations,
maintenance); distribution transformer and circuit reclosure
operations and maintenance; requlator operations and
maintenance; job training and safety; departmental budgets
and work order procedures.

Materials Management

This course would be offered to supervision both in the
operating departments and to the procurement and stores
departments. The subject material would include: inventory
control principles (order point, economic order quantity);
procurement procedures; procedures for stocking new items;
stock records posting (orders and receipts); stock records
positing (issues and returns); stock replenishment
procedures for material spot checks; procedures for daily
report of issues; stock price changes; stock number and
cataloging practices; special stores control practices;
physical inventory (physical count procedures,
reconciliation methods); warehouse safety and security;
methods of material accounting.
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Accounting Procedures

This course would be offered to accounting supervisors in
the operating departments and in the finance and
administration department. The subject materizl would be as
follows: time, attendance and payroll records;
miscellaneous sales (billing for services, cash sales
records); maintaining accounts receivable ledgers; billing
and accounts receivable procedures (steps in properly
recording meter readings, summarizing bills, recording bills
in proper ledgers, the monthly sales journal); service
contracts (irrigation, street lighting, industrial
services); meter reading cards (understanding meter report
information and customer service orders); cash receipts
(purchases, official receipts, account numbers, cashiers'
daily collection reports, preparation of bank deposits, the
cash receipts journal, the daily cash balance sheet);
accounts payable records; description, preparation, and
disposition of accounts payable vouchers; cash disbursements
(accounts payable disbursements, payroll disbursements,
petty cash funds; installation or construction work orders
(additions to plant, retirement or replacement of assets,
transportation time charges); special accounting procedures;
description of work orders (purchase of new
equipment/special equipment, reimbursement work order
numbers, distribution system and retirement work orders);
journal vouchers (preparation, assignment, posting);
materials accounting.

Auditing

This course would be offered to accountants from the finance
and administration department who would form an auditing
section. The subject material would include: purpose of
the audit function; scope of the audit and report format;
auditing standards (general, field, reporting); preparing
for examination of financial records, auditing, and
reporting requirements (general reporting, general working
conditions of the utility auditor, specific auditing and
reporting procedures); audit working paper guidelines;
character of working papers and other support documentation
(internal control, accounting procedures, review of legal
documents, the working trial balance, utility plant/reserve
working papers, cash and investments, receivables, materials
and supplies, other assets, equity accounts, long=term debt,
current and accrued liabilities, deferred credits and
reserves, contingent assets and liabilities, revenues,
eXpenses, payroll, other working papers); preparation and
organization of working papers; the auditor's report,
including supplemental letters and financial statements
(balance sheet, statements of review and changes in
financial position, notes to financial 3tatements).
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Financial Planning and cash Management

This course would be offered to supervisors in the finance
and administration department. The subject material would
include: financial policies; measuring financial
performance; developing financial objectives; techniques in
projecting financial ratio nceds; forecasting cash-flow
requirements; forecasting plant and equipment requirements;
work plans and budgets; the balance sheet structure;
operating statements; sources and applications of funds
statements; techniques for analyzing financial and operating
statements; cash and accrual concepts; implementing a
financial planning program.
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Table c-1

SUMMARY OF REHABILITATION EQUIPMENT AND ADVISORY SERVICES COSTS

REHABILITATION

GENERATION

Rehabilitation Equipment
Spare Supply Parts, 2-year

TRANSMISSION AND DISTRIBUTION

Conversion
3 kV to 15 kv

Replace Central City
Secondary
Mobile Equipment,

Vehicle Maintenance Shop

ADVISORY SERVICES

Engineering Specifications
Procurement
Field Supervision
Chief of Party, Mech. Engr.,
Electrical Engr.
Subsistence, Transport

Subtotal i

Total Cost

(31834)

$2,730,00
4,030,000

$6,760,000

$1,017,000

$2,160,000
$3,177,000

$1,420,000

400,000
$1,820,000

Subtotal

$ 32,400
129,600

372,000
$ 534,000

81,000
$ 615,000

$ 6,760,000

$ 4,997,0000

$11,757,000

$ 615,000

302,372,000



Table C-2

COST OF REHABILITATION EQUIPMENT AND SPARE PARTS
CENTRALE POWER STATION

Rehabilitation
Diesel-Generator Unit No. § $ 135,000
Diesel-Generator Unit No. 6 490,000
Diesel-Generator Unit No. 7 375,000
Machine Shop ! 250,000
Sub-total $1,250,000
Spare Parts (2 year supply)
Diesel-Generators, Units No. 1 & 2 $ 200,000
Diesel-Generators, Units No. 5 through 8 800,000
Total £2:250,000
Table C-3

COST OF REHABILITATION EQUIPMENT AND SPARE PARTS
GEZIRA POWER STATION

(3183R)

Rehabilitation
Diesel-Generators, Units No. 2 & 3 $1,100,000
Puel 0il Separator 50,000
Machine Shop 60,000
Steam Turbine-Generator Plant 270,000
Sub-total . $1,480,000
Spare Parts (2 year supply)
Diesel-Generator Units, No. 1 through S $1,900,000
Puel 0il Separator 50,000
Lube 0il Centrifuge 30,000
Auxiliary Equipment 400,000
Steam-Turhine Generator Plant 650,000
Sub=total $3,030,000
Total $4,510,000
C=3
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Table C-4

REHABILITATION AND CONVERSION OF THE MOGADISHU
TRANSMISSION DISTRIBUTION SYSTEM
1986-1990

35 km, 15 kV OH line @$8600./kM

Replace 12,000 kVA, 3-0.38 kV Distribution
Transformers with 15-0.38 kV Transformers
@ $33./kva

Replace 120 km of 380/220 V Secondaries in
*014d City" @ $18,000/km

Addition of 8000 kVAR of Shunt Capacitors for
Power Factor Improvement @ $40/kVAR

Total

C~4

$ 301,000

$ 396,000

$2,160,000

$ 320,000

77,0



Table C=5

REQUIRED CONSTRUCTION AND MAINTENANCE EQUIPMENT

Estimate Cost

in USS
Utility Vehicles
5 = Vehicles, 4WD, P/U body, 1.5 tons, 6-man $125,000
crew cab, fully equipped
11 - vehicles, 4wD, P/U body, 1.5 tons, 4-man $264,000
crew cab, fully equipped
1 - Vehicle, 4WD, Van body, 4-passenger (Cable $100,000
test vehicle)
Trucks
5 = Utility trucks with Boring machine and crane $255,000
2 - Utility trucks with crane, 8 ton $98,000
Cranes and Loaders
2 - Mobile cranes, 15 tons, for rough terrain $190,000
2 -~ Porklift trucks, 5 tons diesel $64,000
Miscellaneous Equipment
1l - cable trencher $100,000
3 -~ Cable reels with tensioners $60,000
3 - Line conductor pullers $80,000
2 - Pole trailers with tractors $64,000
8 = Jeeps $120,000
Vehicle Maintenance Shop (equipment only) $400,000
- Engine diagnosic machine
= Valve grinding machine
= Injector testing equipment - dizssi
- Tire maintenance equipment
- Drill press, lathe, milling machine
= Air compressor, electric
= Welding machine .
- 2 sets of engine mechanics tools
Total 1.820,000

(3183H)
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Table C-6

ESTIMATED COST FOR 15 MW STEAM TURBINE PLANT
GEZIRA POWER STATION

FROM SGI REPORT OF AUGUST 1983, TABLE 106
STEAM TURBINE SET NO. 2 COSTS:

Total
Foreign Local ($x108)
Based on December 31, 1983, SoSh 239.33x106 7.90x106 247.24
Based on December 31, 1983, § 15.96 0.52 16.48
(@ 15 Sosh = $1.00)
Escalated to middle of 1987 18.93 0.62 19.55

(3.5 yrs. @ 5% = 1,186)

Escalation of Plant Cost @ 5%/yr
From mid-=1987 to end 1989

And cash flow @ 7% for first 6 months = 19.55 x ,07 x 1.0125 = 1.39
33% for next 12 months = 19,55 x .33 x 1.05 = 6,77
608 for next 12 months = 19.55 x .6 x 1.1 = 12,90
100% 30 months 21.06
Escalated to middle of 1991 23.0 0.76 23.76
(4.0 yrs., @ 5% )
Escalation of Plant Cost @ 5%/yr
Prom mid-1971 to end 1993
And cash flow @ 7% for first 6 months = 23,76 x .07 x 1.0125 = 1.68
33% for next 12 months = 23.76 x .33 x 1.05 = 8,23
608 for next 12 months = 23,76 X .6 x 1.1 = 15,68
100% 30 months 25.59

(31838)
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Table C-7

EXTENSIONS TO T&D SYSTEMS
1990-1995

(Excludes Line Drops, Service Entrances and Meters)

MOGADISHU
© 10 km - 33 kV OH line from, Centrale and
21 Oct. SS to New East S.S. @ $9,000/km
0 New East S.S., 33-15 kv, 10 MVA @ $1,510,000

O Additional Switchgear at Centrale and
21 OCT. S.S.

o 38 km, 15 kV OH Line @ $8600/km

o} 28 MVA, 15 - 0.38 kV Distribution
Transformers @ $33/kVA

0 28 km, 380/220 V Secondaries @ $18,000/km
o 4000 kVAR, Shunt Capacitors for Power

Pactor Improvement @ $40/kVAR
Total

o 7 km, 33 kV OH Line @$9000/km
o 3 km, 15 kV OH Line @ $8600/km

o 3.2 MVA, 15 - 0.38 kV Distribution
Transformer @ $33/kVA

o 32 km, 380/220 V Secondaries @ $18,000/km
o 1.6 MVA, 33=15 kV Substation
Total
o 45 km, 33 kV OH Line @ $9000/km
o 3 km, 15 kV OH Line @ $8600/km

o] 8 MVA, 15 - 0.38 kV Distribution
Transformer @ $33/kVA

o 80 km, 380/220 V Secondaries @ $18,000/km

o 4 MVA, 33-15 kV Substation
Total

(3183H)

$ 90,000

$1,450,000

$ 60,000

$ 327,000

$ 924,000

$5,040,000

$_160,000

48,051,000

$ 973,000

3 26,000

$ 106,000

$ 576,000

202,000
£..273.000

$ 405,000

$26,000

$ 264,000

$1,440,000

$ 505,000

$2.240,000



Table C-8

SUMMARY OF THE COSTS TO MANAGE AND SUPERVISE A
TWO-YEAR ENEE VOCATIONAL TRAININC PROGRAM

SALARIES
Expatriate Manager $268,800
Three, Expatriate Supervisors $672,000
$940,800
Housing, Transportation and
Miscellaneous Costs $330,400
Table C-9

$ 940,800

$ 330,400
0,272,200

SUMMARY OF THE COST TO PROVIDE TWO-YEAR ENEE MANAGEMENT

ADVISORY SERVICES PROGRAM

SALARIES
Expatriate Manager $268,000
Pive, Expatriate Specialists 635,000
$903,000
Housing, Transportation and
Miscellaneous Cost $495,600

(3183H)
Cc-8

$ 903,000

$ 495,600
30,328,500



