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EXECUTIVE SUMMARY

This study was undertaken in January 2010 as a follow up to the Energy Efficiency & Reducing
Power Factor Cost report produced by Andreas Friemel in 2009 within the frame of the TC
support to Qena Company for Water and Wastewater (QCWW).

The follow-up study reviewed the previously collected data for Salheya, Deshna and Nag
Hamady Water Treatment Plants, identified the actual costs of PF correction equipment
(purchased in Egypt) and recalculated the pay-back periods for the initial investments required
to achieve savings indented. A bill of quantities for equipment and specifications has been
prepared for each site.

The table below summarises the costs, potential savings, investment costs and pay-back
periods for each site. More detailed information on the site electrical loads, etc. is contained in
the main report.

Summary Table of Annual Site PF Costs & Savings

Potential Estimated
PF Savings Cost of PF
Name Current PF . . ; . Payback
Penalties LE | including Equipment Period
bonus (.95PF)
Salheya
WTP .76 78,776 95,656 157,600 20 months
Salheya 8 24,000 31,200 60,000 23 months
Intake PS
Deshna WTP | .77 58,923 72,521 150,000 24 months
Nag Hamady | g 143,133 121,339 183,000 18 months
WTP
Totals 304,832 320,716 550,600

The above figures show that savings of up to 320,716 LE per annum can be achieved with
an initial investment of 550,600 LE in providing suitable PF correction equipment at the 3
sites studied with a maximum payback period of 2 years, assuming that the electricity supply
contract is renegotiated at Nag Hamady WTP.

The contracted power of Nag-Hammadi WT plant is 1350 kW, while the maximum demand
reached 1887 kW in 2007/2008. In line with the Egyptian tariff, a penalty of LE 50,051 was
imposed on the plant, equivalent to the difference between contracted power and maximum
demand. To remove this penalty, actions have to be taken to increase the contracted power to
at least 2000 kW by negotiating with the electricity supply company.

A special survey was carried out at Salheya WTP to identify poor installation, damaged
equipment or missing safety measures, covering earthing, electrical isolation, barriers, etc.
safety signs and mechanical protection. The results of this survey are shown in Appendix D (in
Arabic) and have been used to support the repairs and maintenance being carried out at
Salhaya WTP in preparation for the TSM audit.

Other general findings showed that at all sites there is an over capacity of transformers which
results in poor energy efficiency. Recommendations are therefore made for each site on how
to remove transformers from service.
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Training was provided to 25 QCWW technical staff in the design, installation and testing of
earthing networks as recommended in the Energy Efficency & Reducing Power Factor Cost
report produced by Andreas Friemel in April 2009. The training took place at the Kenouz
Training centre over 5 days, the list of attendees and a copy of the training material is shown in

Appendix E.

It should be noted that the WTPs at Armant and Esna were excluded from this survey due to
recent changes in the governorate boundaries. The WTP at Haswhya was not surveyed due to
extensive refurbishment and construction at the site, which made it impractical to carry out the
necessary tests. In addition, at the request of the QCWW the WTPs at Qus and Qeft were not
included in this study as they have already started to install PF correction equipment on site.

1. Objectives and Methodology

The objective of this study is to improve the power factor (PF) at the 3 selected sites to a
targeted value 0.95 to realise potential savings and receive a bonus payment from the
electricity supply company as well as to improve electrical safety particularly with regard to
earthing of equipment.

Thus the main tasks of the study were to;

1) Review the data collected regarding plant electrical power efficiency, costs of power-factor
correction equipment & installation/commissioning and update as necessary

2) Develop a cost analysis report for improving power factor at the selected QCWW sites

3) Carry out a survey of plant at Salheya WTP, Qena City, to verify if E&M equipment meets
the following criteria:

e Earthing

e Safety isolation (Electrical) — barriers, etc.

e Safety signs

¢ Mechanical protection — i.e. machine guards, etc.

4) Provide advice to the Technical Department in the form of training on specifying, selecting
and installing appropriate power factor correction equipment and designing and testing
earthing systems as recommended in the Energy Efficency & Reducing Power Factor Cost
report by Andreas Friemel.

A guestionnaire was developed and issued to sites to collect current information on load,
power and costs followed up by site visits to assess the current situation. Single line diagrams
of the HV/transfomer network were made for each site to help understand the layout and
arrangement of equipment.

To facilitate the specification and purchase of the necessary PF correction equipment a bill of
guantities was prepared for each site. Costs and payback calculations were assessed using
current Kwh tariff costs, penalty charges and metered readings from sites.

In addition, a survey was carried out of Salheya WTP to identify hazardous, missing or faulty
electrical and safety equipment to support the TSM process (see Appendix D).

Further, training and advice was provided to the QCWW Technical Support Sector to improve
the design, installation and system testing skills of 25 engineers.

The findings of the study are shown in a separate section for each site, which contains detailed
guantities, costs and background to the improvement of PF or other cost saving measures; the
related bills of quantities are shown in Appendix B.
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2. Al Salhaya WTP and Intake (known as Sheikh Husein Intake)
2.1 Plant Description

Al-Salhya Water Treatment plant is located in Qena city and consists of two plants: the raw
water pumping plant (station) and the treated water pumping plant. The raw water is supplied
from the Nile through raw water pumps to the inlet distribution chamber which feeds water to
clarifiers and filters and is then pumped to water tanks, from which the treated water is pumped
to the grid of some districts in Qena governorate through the treated water pumps.

The production capacity of the plant ranges from 45000 m3 / day in winter season to about
80000 m® /day in summer months (May to September). The pumping head is approximately 60
m.

2.2 Electrical Plant Situation

Al-Salhya WT plant is supplied by two 11 kV feeders, one from Al-Salhya substation and the
other (stand-by) from Al-Towayrat substation.

2.2.1 Treated Water Plant

The single line diagram (S.L.D) of the Al-Salhya WT plant is illustrated in Figure 1. Large
pumps in the treated water plant are operated at the 3.3 kV level through two transformers,
each rated 2.5 MVA- 11/3.3 kV. It was clear from site visits that the two transformers are in
service and lightly loaded. The low voltage loads are supplied by energy through two trans-
formers, each rated 2.0 MVA, 11/0.4 kV. Thus the total capacity of installed transformers in the
WT plant is 9 MVA.

F2

Fl From Basatin S.S. Figure 1 From Al-Haram S.S. J
1250 A 1250 A
1250 A
l l - J l 11 kv
TRL, 25
MVA
11/33kV
TR2, 2.5 MVA
11/33kV
1250 A
3.3 kv
. - TR4, 2.0 MVA
TR3, 20 MVA 11 KV/0.4 KV
11 KV/0.4 KV I I I l I I
TREATED W. PUMPS
250 315 315 315 315 250 kW
o e 380V
Tz LV Loads QENA WT COMPANY

PN 2006.2063.3; VN 81087234 ALSALHIA WT PLANT

RODECO CONSULTING
GMBH

SINGLE LINE DIAGRAM
Consultant: Dr. Ahmed Khozam

Figure 1 — Single Line Diagram of the Al-Salhya Water Treatment Plant
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2.2.2 Raw Water Plant (Al-Sheikh Husein Intake)

The single line diagram (S.L.D) of the "Sheikh Husein" Intake (raw water plant) is illustrated in
Figure 2 below. The plant is supplied by electricity at the 11 kV level from the same feeders
supplying the WT plant. The raw water loads are operated at 380 volt level, through two
transformers, 1.5 MVA, 11/0.4 kV each. Most of the time, the two transformers are in
operation, and the bus-coupler is opened.

) F2
F1 From Basatin S.S. Figure 2 From Al-Haram S.S. l

1250 A 1250 A
1250 A
/ 11 kv

TR5, 1.5 MVA TR6, 1.5 MVA
11/ 0.4 kv 11/ 0.4 KV
1250 A
e - - 380V

o !

200 315 315 315 200 kw

RAW WATER . PUMPS

QENA WT COMPANY

AL-SHIEKH HUSEIN (RAW
WATER) INTAKE

SINGLE LINE DIAGRAM
Consultant: Dr. Ahmed Khozam
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2.2.3 Electrical Parameters and Energy Consumption

With reference to data recorded in the electricity bill issued by the Upper Egypt Electricity
Distribution Company (UEEDC), the major electric parameters are as follows for the years
2007/2008 and 2008/2009:

4323614 KWh
5258772 kWh

Annual energy consumption (2007/2008)
Annual energy consumption (2008/2009)

* Contracted Power (kW) = 4050 kW (at 0.9 PF)
* Maximum demand (2007/2008) = 868 kw
(2008/2009) = 1152 kW

* Average annual power factor of treated

water plant (2007/2008) = 0.77
* Average annual power factor

of treated water plant (2008/2009) = 0.76
* Average annual power factor

of raw water plant = 0.80
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* Energy Cost (2007/2008) = LE 836402
* Energy Cost (2007/2008) = LE 1125377
* Fixed Charge (2007/2008) = LE 92702
(2008/2009) = LE 131214

* Total Electricity Bill  (2007/2008) = LE 929104
* Annual Power Factor Penalty

of treated water plant (2007/2008) = LE 54467
* Estimated Annual Power Factor Penalty

of treated water plant (2008/2009) = LE 78776
* Annual Power Factor Penalty

of raw water plant (2007/2008) = LE 24000

The monthly energy consumption during 2007/2008 is shown in Table 1 and illustrated in
Figure 3.

Table 1 - Monthly Consumption and Maximum Demand of Al-Salhya W.T. Plant

(2007/2008)
Consumption Max. Energy Fixed Total Bill
Month Demand Cost Charge
(kwh) (kw) (LE) (LE) (LE)
Jul 363936 868 66600 7465 74065
Aug 380280 868 69591 7465 77056
Sep 352212 868 64455 7465 71920
Oct 356892 868 70308 7812 78120
Nov 336108 868 66213 7812 74025
Dec 358080 868 70542 7812 78354
Jan 362892 868 71490 7812 79302
Feb 345336 868 68031 7812 75843
Mar 363720 868 71653 7812 79465
Apr 361620 868 71239 7812 79051
May 379908 868 74842 7812 82654
Jun 362630 868 71438 7812 79250
Total 4323614 836402 92702 929104

Source: Upper Egypt EDC and Al-Salhya Water Treatment Plant, based on a questionnaire submitted by the

consultant




Strengthening Provision of Services in Qena, Egypt — Power Factor Improvement

390000

Monthly Consumption (kWh)
380000

370000

360000 -
350000 -
340000 -
330000 -
320000 -
310000 ——7"—"F 7 7 r T T T T T

Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun

kWh

Month

Figure 3 - Monthly Consumption of Al-Salhya WT Plant (2007/2008)

Major Loads

Table 2 shows the major loads in both Al-Salhya WT plant and "Al-Sheikh Husein" intake. Al-
Salhya WT plant has six pumps of rated power (4 x 315 kW + 2 x 250 kW) operated at the 3.3
kV. The total installed power of the treated water pumps is 1760 kW and the normal mode of
operation of the 3.3 kV pumps is as follows:

e Three pumps in winter (2 x 315 + 1 x 250) kW.
e Four pumps in summer season (2 x 315 + 2 x 250) kW.

The raw water pumps installed at "Al-Sheikh Husein" intake are: 3 x 315 kW and 3 x 200 kW,
of total installed capacity 1545 kW. The pumps are operated at the 380 V level with the
following schedule:

e Three pumps in winter (2 x 200 + 1 x 315) kW, and
e four pumps in summer season (2 x 315 + 2 x 200) kW

Table 2 — Major Loads in Al-Salhya Water Treatment Plant and Sheikh Husein Intake

Location Qty (Etve) Il?\j\?)' RPM O\';’(flrtitégg PF
Treated water 4 | 315 | 1260 | 1480 | 33kv | 0.73
pump
gl:f]‘;";ed water 2 | 250 | 500 33kV |
Raw water pump 3 315 945 1480 380V 0.8
Raw water pump 3 200 600 1480 380V 0.8
Washing pump 2 110 220 1480 380V 0.8
Air compressor 2 75 150 1865 380V 0.8
Total Loads 3675

Source: Al-Salhya WT plant, based on Questionnaire submitted by the consultant.
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2.3 Data Analysis

Data provided by Upper Egypt Electricity Distribution Company indicates that the average
annual power factor of Al-Salhya WT plant was 0.77 for the year 2007/2008 and decreased to
0.76 for 2008/2009. The penalty imposed on the plant as a result of the low PF was estimated
for the two years at LE 54467 and LE 63463, respectively.

The maximum demand of Al-Salhya WT plant was 1151 kW during the last year, while the
average demand is approximately 500 kW, giving an average annual load factor of approxi-
mately 43%. This low load factor indicates that the plant performance is not efficient.

The total rating of installed transformers in Al-Salhya WT plant is 9 MVA, while the peak
demand recorded in 2008/2009 is 1151 kW, equivalent to 2803 kVA at 0.76 PF. This created a
situation of lightly loaded transformers (maximum 31%), resulting in bad efficiency and lower
power factor as well as more transformer losses. This problem can partially be solved by de-
energizing two transformers: one 2.5 MVA used for medium voltage pumps and the second 2.0
MVA used for low voltage loads.

With respect to the raw water plant named Sheikh Husein Intake, the data provided by UEEDC
indicates that the average annual PF is 0.8, and the imposed penalty was LE 24005 for the
year 2007/2008. The maximum demand of the intake is 860 kW and the estimated annual
energy consumption is approximately 2437 MWh, costing about LE 480000.

Similar to Al-Salhya WT plant, the two transformers (2 x 1.5 MVA) installed in the intake are
lightly loaded with maximum 36% at 0.8 PF. During the site visit, it was therefore
recommended to de-energize one transformer and close the bus-coupler between the two
transformers.

2.4 Equipment Design

The design of the capacitor banks is aiming to raise the power factor from 0.76 in the water
treatment plant to 0.95, and from 0.8 in the raw water plant (Sheikh Husein Intake) to 0.95. The
design is based on data provided by UEEDC, a questionnaire submitted to the two plants, and
site visits.

2.4.1 The Treated Water Plant

The design approach for the treated water plant considers the compensation of the reactive
power at both the medium and low voltage levels. The calculations of reactive power corrective
equipment are based on the following:

e Plant data and energy survey

e The maximum and average demands

e Transformers rating

e Mode of operation and diversity factor at each load centre
e The expected increase in load

e The targeted power factor (0.95).

To improve the PF at Al-Salhya WT plant, it is recommended to install a capacitor bank of total
power rating 400 kVAR, connected at the outgoing bus-bar of the two transformers (2 x 2.5
MVA) at the 3.3 kV level. The bank consists of four steps, each step 100 kVAR, delta
connected, as illustrated in Appendix A. Only one regulator, six steps, will be installed for both
sides of the capacitor banks.
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The bill of quantities and specifications of the capacitor bank components are given in
Appendix B.

For the reactive power compensation at the low voltage level (380 V, 50 Hz), it is recom-
mended to install a capacitor bank of total power 360 kVAR, consisting of two sections of 180
kKVAR each. Each section consists of 3 steps, rated 60 kVAR each. The capacitor banks are
connected to the outgoing bus-bar of the two transformers (2 x 2.0 MVA).

2.4.2 The "Al-Sheikh Husein" Intake (Raw Water Plant)

Two transformers are installed in Al-Sheikh Husein intake of rated power 1.5 MVA. The two
transformers are tied by bus-couples, and, most of the time, each transformer caries its own
loads. However, they are lightly loaded and the staff is reluctant to load one transformer and
de-energize the other on a regular basis.

The average annual power factor of the plant is 0.8, and its maximum demand reached 860
kW. To raise PF to, at least, 0.95, it is recommended to install 400 kVAR, divided into 8 steps,
each step 50 kVAR, as illustrated in Figure 4. The banks will be connected to the outgoing bus-
bar at the 380 V level. A 12 step regulator is recommended in this case.

2.5 Financial Analysis
2.5.1 Al-Salhya Water Treatment Plant

Power Factor Improvement

The average annual PF for Al-Salhya WT plant was 0.77 in 2007/2008 and decreased to 0.76
in 2008/2009. The amount of penalty paid in 2007/2008 was LE 54467, increased to LE78776
due to the decrease in PF, increase in energy tariff, and increase in electricity consumption.

The implementation of PF improvement project will eliminate this penalty. Additionally, the
target of this study is raise the PF to 0.95, which will allow the plant to get a PF bonus,
estimated as follows (see Appendix C):

0.95-0.92
Bonus = ——— x annual kWh x LE / kWh
2

The amount of bonus is approximately LE 16,880 according to the new rate of consumption.

Payback Period

The total recommended compensating reactive power for the Al-Salhya WT plant is 760 kVAR.
Compensation for MV (3.3 kV) loads needs 400 kVAR of cost around LE 100,000, and
compensation for LV (380 V) loads needs 360 kVAR of cost approximately LE 57,600. The
total cost of equipment, including capacitors, regulators and all other components is estimated
at LE 157,600. This gives an expected simple payback period of about 2 years, due to the
elimination of the annual penalty. With bonus, the payback period is reduced to 1.65 years (20
months).

2.5.2 Al-Sheikh — Husein Intake

The average power factor of "Al-Sheikh Husein" intake was 0.8 in 2007/2008, which implies
an amount of penalty equal to LE 24,000 per year.
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Payback Period

Calculations have shown that a capacitor of 400 kVAR is required to raise the PF from 0.8 to
0.95, of estimated cost around LE 60,000. The payback period, in this case, is 2.5 years. At
power factor 0.95, the plant can get a bonus estimated at LE 7,200. In this case, the payback
period is decreased to approximately 1.9 years (23 months).

2.6 Conclusions and Recommendations

The results of power factor improvement study at Al-Salhya Water Treatment Plant and
"Sheikh Husein" Intake lead to the following conclusions:

o All six transformers in the two plants are lightly loaded. The performance of the electric
network and power factor could be improved by feeding all loads by three transformers
(two in Al-Salhya WT plant and one in Al-Sheikh Husein intake) instead of six. This
would improve efficiency, power factor and reduce transformer losses.

e It is also important to check the ground systems, and conduct measurements to
evaluate the performance of electrical network, measure neutral currents, and examine
the loading conditions of the transformers.

o The expected results of power factor improvement project implementation are:

Al-Salhya WT Plant Al-Sheikh Husein Intake

Item

Before PF
Improvement

After PF
Improvement

Before PF
Improvement

After PF
Improvement

Average annual PF

0.76

0.95

0.8

0.95

Maximum active
power (kW)

1151

1151

860

860

Maximum apparent
power (kVA)

1515

1212

1075

905

Annual consumption
(kwWh)

5258772

2436548

Power factor penalty
(LE)

78776

24000

Installed capacitor
banks (kVAR)

760

400

Cost of equipment
(LE)

157600

60000

Savings due to
removal of penalty
(LE)

78776

24000

Payback period due
to removal of penalty

2 years

2.5 years

Total savings (LE)

95656

31200

Payback period due
to total savings

20 months

23 months
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3. Deshna Water Treatment Plant
3.1 Plant Description

Deshna Water Treatment plant supplies Deshna city and surroundings with fresh water. The
actual production capacity is approximately 34,500 m*® per day in winter and increases to
52,000 m® per day in summer.

3.2 Electrical Plant Situation
Deshna WT plant is supplied by two 11 kV feeders, both from Deshna substation.

The single line diagram (S.L.D) of Deshna WT plant is illustrated in Figure 4. The pumps for
treated water are operated at the 3.3 kV level through two transformers, each of rated capacity
2.0 MVA- 11/3.3 kV. Normally, the two transformers are in operation, and the bus-coupler
between them is opened.

The raw water pumps and other loads are operated at the 380 V level, and are supplied by
energy through two transformers, each rated 1.5 MVA, 11/0.4 kV. Thus the total capacity of
installed transformers in Deshna WT plant is 7 MVA.

F1

From Deshna S.S. From Deshna S.S. F2

Figure 4

630 A 630 A
% 11 kv

TRL, 20 TR2, 2.0 MVA
MVA
11/3.3kV 11/3.3kV
41»/ s 3.3 kv .
TR5, 1.5 MVA TR6, 1.5 MVA,
11/0.4 kV 11/0.4 kV
250 250

—

250 250 kw

o 380 V (

!

TREATED W. PUMPS

- e

Lo

GTZ { RAW W. PUMPS é é QENA WT COMPANY

Other Loads

PN 2006.2063.3; VN 81087234 Q DESHNA WT PLANT
75

RODECO CONSULTING 75 75 75 kW SINGLE LINE DIAGRAM
GMBH Consultant: Dr. Ahmed Khozam
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Electrical Parameters and Energy Consumption

With reference to data recorded in the electricity bill of 2008/2009 issued by Upper Egypt
Electricity Distribution Company (UEEDC), the major electric parameters are as follows:

3500 kW (at 0.9 PF)

* 0% F X X X X X

The monthly energy consumption during 2008/2009 is

Figure 5.

Contracted Power (kW)
Maximum demand
Annual energy consumption
Average annual power factor
Energy Cost
Fixed Charge (2007/2008)
Total Electricity Bill
Annual Power Factor Penalty

0.77

840 kW

4236000 kwWh

LE 906504
LE 95760
LE 1002264
LE 58923

shown in Table 3 and illustrated in

Table 3 - Monthly Consumption and Maximum Demand of Deshna WT Plant (2008/2009)

Consumption Max. Energy Fixed Total Bill
Month Demand Cost Charge

(kWh) (kw) (LE) (LE) (LE)
Jul 422000 840 90308 7980 98288
Aug 380000 840 81320 7980 89300
Sep 402000 840 86028 7980 94008
Oct 344000 840 73616 7980 81596
Nov 386000 840 82604 7980 90584
Dec 292000 840 62488 7980 70468
Jan 324000 840 69336 7980 77316
Feb 316000 840 67624 7980 75604
Mar 308000 840 65912 7980 73892
Apr 342000 840 73188 7980 81168
May 324000 840 69336 7980 77316
Jun 396000 840 84744 7980 92724

Total 4236000 906504 95760 1002264

Source: UEEDC and Deshna WT plant, based on a questionnaire submitted by the consultant

11
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Figure 5 - Monthly Consumption of Deshna WT Plant (2008/2009)

Major Loads

Table 4 shows the major loads in Deshna Water Treatment plant. The plant incorporates four
pumps of rated power 250 kW each, operated at MV 3.3 kV, 50 Hz. The total installed power of
the treated water pumps is 1,000 kW. Normally two pumps are operated and the other two are
stand-by. In summer, the operating pumps could be increased to three.

For the intake, four raw water pumps, each of rated power 75 kW, are installed and are
operated at low voltage (380 V, 50 Hz). In winter, two pumps are in operation and the other two
are stand-by, while three are in operation and one stand-by in summer.

Table 4 — Major Loads in Deshna Water Treatment Plant

Location Qty Rate Total RPM | Operating | PF
(kW) (kW) Voltage

Treated water pump 4 250 1000 1478 3.3kV
Raw water pump 4 75 300 1500 380V
Washing pump 2 110 220 987 380V ---
Air compressor 75 150 2840 380V 0.78
Cleaning pump 75 150 380V
Total Loads 1820

Source: Deshna WT plant, based on a questionnaire submitted by the consultant.

12
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3.3 Data Analysis

Data provided by the UEEDC indicates that the average annual power factor recorded in
2008/2009 for Deshna WT plant was 0.77. The penalty paid by the plant due to low PF was
estimated at LE 58,923.

The contracted power of Deshna WT plant is 3500 kW, at 0.9 PF, while the peak demand of
the plant reached 840 kW in 2008/2009. This indicates that the capacity of power allocated to
the plant is much higher than its maximum demand. In this case, Deshna plant should modify
its contracted power to the value acceptable by regulations (for example, to decrease it to 1.5
MW at 0.9 PF).

The average demand of Deshna plant during 2008/2009 was approximately 484 kW, giving an
annual load factor of approximately 58%. This low load factor is higher than Al-Salhya and
Nag-Hammadi WT plants; however, it is still low for efficient use of energy.

The total rating of installed transformers in Deshna WT plant is 7 MVA, while the peak demand
recorded in 2008/2009 was 840 kW, equivalent to 1091 kVA at 0.77 PF. Hence, the maximum
loading of istalled transformers is approximately 16% only. It is recommended to use two
transformers only instead of four, one (2 MVA) for MV pumps and the other (1.5 MVA) for LV
loads. The other two transformers could be switched off.

34 Equipment Design

The design of the capacitor banks is aiming to raise the power factor from 0.77 to 0.95. The
design is based on data provided by the UEEDC, a questionnaire submitted to the plant
through the project as well as a walk-through audit.

Compensation of the reactive power will be considered at both the medium and low voltage
levels. The calculations of reactive power corrective equipment are based on the following
parameters:

The maximum and average demands

Transformers rating.

Mode of operation and diversity factor at each load centre.
The expected increase in load.

The targeted power factor (0.95).

MV Transformers TR1 and TR2:

To improve power factor at the outgoing busbars of the two MV transformers, TR1 and TR2
(2.0 MVA,11/3.3 kV), it is recommended to install a capacitor bank of total power rating 360
kVAR, divided into two sections, each section 180 kVAR consisting of 3 steps, 60 kVAR each.
Each step is connected in delta as shown in Appendix A. Only one regulator, six steps, will be
installed for both sides of the capacitor banks.

LV Transformers TR3 and TR4:

To improve power factor at the low voltage level (380 V, 50 Hz), it is recommended to install a
capacitor bank of total power 400 kVAR at the outgoing bus-bar of the two transformers TR3
and TR4. The bank consists of two sections, 200 kVAR each; each section consists of 4 steps;
each step is rated 50 kVAR as shown in Appendix A. It is recommended to use a 12 step
regulator to control the switching of capacitors according to load variations.

The bill of quantities and specifications of the capacitor bank components are presented in
Appendix B.
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3.5 Financial Analysis
Power Factor Improvement

The average annual PF for Deshna WT plant was 0.77 in 2008/2009. The estimated amount of
penalty paid for this year was LE 58923. The implementation of PF improvement project will
eliminate this penalty. Moreover, by improving PF up to a targeted value 0.95, the plant can get
a PF bonus, estimated as follows (see Appendix C):

0.95-0.92
Bonus = ——— x annual kWh x LE / kWh
2

The amount of the bonus is approximately LE 13,598, based on the rate of consumption of
2008/20009.

Payback Period

The total recommended compensating reactive power for the Deshna Water Treatment Plant is
760 kVAR, from which 360 kVAR is used to compensate the reactive power at 3.3 kV, with an
estimated cost of about LE 90000. Compensation at low voltage will need 400 kVAR of cost
around LE 60,000. The total cost of equipment, including capacitors, regulators and all other
components is estimated at LE 150,000.

The expected simple payback period due to the elimination of the annual penalty, is
approximately 2.55 years. Including bonus, the total amount of savings is estimated at LE
72,521, resulting in a payback period of about 2 years.

3.6 Conclusions and Recommendations

1. The power factor improvement study at Deshna Water Treatment Plant led to the following
results:

Before PF After PF
Improvement Improvement

Average annual PF 0.77 0.95
Maximum active power (kW) 840 840
Maximum apparent power (kVA) 1091 884
Annual consumption (kWh) 4326000 4109700
Power factor penalty (LE) 58923 0
Installed capacitor banks (kVAR) 0 760
Cost of equipment (LE) 150000
Savings due to removal of penalty (LE) 58923
E:zg%c/:k period due to removal of 2,55 years
Bonus for 0.95 PF (LE) 13598
Total savings (LE) 72521
Payback period due to total savings 2.0 years
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2. The study also revealed other energy efficiency options:

¢ The estimated Specific Energy Consumption (SEC) for Deshna WT plant is about 0.82
kKWh/m?®, which is higher than the typical SECs in Egyptian WT plants, and much higher
best practices on the international level (SEC of best practices ranges from 0.1 to 0.3).
The energy performance of the plant should be investigated through benchmarking.

o The contracted power of Deshna WT plant is 3,500 kW, which is much higher than the
maximum demand (840 kW). This is usually not acceptable by the electric utility
regulations. It is recommended to lower the contracted power to around 1.5 MW by
negotiating with the electricity supply company.

e The total capacity of the installed transformers in Deshna WT plant is 7 MVA, and the
annual peak demand is 1091 kVA at 0.77 PF. Thus the maximum loading of the four
transformers is approximately 16%; this condition of lightly loaded transformers
produces high losses, low efficiency and low power factor. Load management is
needed based on further investigation and measurements.

4. Nag Hamady Water Treatment Plant
4.1 Plant Description

Nag-Hammadi Water Treatment plant started its first phase of producing potable water in
1999, with a production capacity of approximately 35,000 m* per day. This capacity has been
doubled to 70,000 m?® per day in 2008. The raw water is supplied from the Nile through Nag-
Hammadi raw water plant, which is located 3 km far from the WT plant. The plant supplies
Nag-Hammadi city and other surrounding villages with potable water through treated water
pumps of rated power ranging from 300 to 335 HP.

4.2 Electrical Plant Situation

Nag-Hammadi WT plant is supplied by two 11 kV feeders, one from the sugar plant of Nag-
Hammadi, and the other (stand-by) from the “500 kV - Nag-Hammadi” substation. The single
line diagram (S.L.D) of the Al-Salhya WT plant is illustrated in Figure 6 on the next page.

There are four transformers of rated capacity: 2 x 2.0 MVA + 2 x 1.5 MVA. The first two
transformers - 11/3.3 kV- supply power to the MV pumps for treated water. Normally, the two
transformer are in operation, and the bus-coupler between them is opened. The low voltage
loads of the treated water plant, such as washing pumps, compressors, lighting, etc. are
supplied by energy through the other two transformers, 1.5 MVA — 11/0.4 kV.
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The estimated Specific Energy Consumption (SEC) for Nag-Hammadi WT plant is 0.8 kwWh/m?,
which is higher than the typical SECs in the Egyptian WT industry, and much higher than best
practices achieved internationally (ranging from 0.1 to 0.3).

The raw water plant (intake) of Nag-Hammadi is located 3 km from the treated water plant and
is supplied by electricity at the 11 kV level from the same substations supplying the WT plant.
The raw water pumps and other loads are operated at the 380 volt level, through two
transformers of rated power 1,250 kVA, 11/0.4 kV each. Most of the time, the two transformers
are in operation and the bus-coupler is opened.

Therefore, the overall capacity of installed transformers in both treated water and raw water
plants is 9.5 MVA.

Electrical Parameters and Energy Consumption

With reference to the monthly bills of 2007/2008 and 2008/2009 issued by Upper Egypt
Electricity Distribution Company (UEEDC), the major electric parameters are as follows:

*

Contracted Power (kW)
Maximum demand (2007/2008)
Maximum demand (2008/2009)

Annual energy consumption (2008)

*

*

Annual energy consumption (2008/2009)
Average annual power factor (2007/2008)
Average annual power factor (2008/2009)

1350 kW (at 0.9 PF)
1887 kW

1560 kW

8513375 kWh
8771960 kWh

0.78

0.80
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* Energy Cost (2007/2008)

* Fixed Charge (2007/2008)

* Total Electricity Bill (2007/2008)

* Annual Power Factor Penalty (2007/2008)

* Annual Penalty of maximum demand (2007/2008)
* Estimated PF Penalty of 2008/2009

The monthly energy consumption during 2008 is shown in Table 5 and illustrated in Figure 7.

= LE 1883794
= LE 17927
= LE 1901721
= LE 93082
= LE 50051
= LE 93860

Table 5 - Monthly Consumption and Maximum Demand of Nag-Hammadi WT Plant (2008)

Consumption Max. Energy Fixed Total Bill

Month Demand Cost Charge

(kWh) (kW) (LE) (LE) (LE)

Jan 596072 1887 127219 17927 145146
Feb 560136 1887 120140 17927 138067
Mar 5654192 1887 163496 17927 181423
Apr 654928 1887 138814 17927 156741
May 747120 1887 156975 17927 174902
Jun 755639 1887 158652 17927 176579
Jul 808288 1560 173259 14820 188079
Aug 805816 1560 172772 14820 187592
Sep 779352 1560 167559 14820 182379
Oct 777928 1560 181282 14820 196102
Nov 694896 1560 163513 14820 178333
Dec 679008 1560 160113 14820 174933
Total 8513375 1883794 196479 2080273

Source: Upper Egypt EDC and Nag-Hammadi water treatment plant, based on a questionnaire submitted by the
consultant
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Figure 7 - Monthly Consumption of Nag-Hammadi WT Plant (2008)

Major Loads

Table 6 shows the major loads in Nag-Hammadi Water Treatment plant. The plant icorporates
six pumps of rated power (4 x 250 kW + 2 x 220 kW) operated at MV 3.3 kV, 50 Hz. Thus the
total installed power of the treated water pumps is 1440 kW. Normally the treated water pumps
are operated in the following mode:

In winter: three pumps (2 x 250 + 1 x 220 kW), from 1:0 am to 6:0 am.
Four pumps (2 x 250 + 2 x 220 kW), from 6:0 am to 1: am, next day.
In summer: four pumps (3 x 250 + 1 x 220 kW), 24 hours.

Six pumps of rated power (6 x 160 kW) are installed at the raw water intake, and operated at
low voltage (380 V, 50 Hz) according to the following mode:

e Four pumps (160 kW each) are operated from 6:0 am to 1:0 am the next day, and
e Two pumps (160 kW each) from 1:0 am to 6:0 am.

Table 6 — Major Loads in Nag-Hammadi Water Treatment Plant

: Rate Total Operating
Location Qty (kW) (kW) RPM Voltage PF
Treated water pump 4 250 1000 1478 3.3kV
Treated water pump 2 220 440 1478 3.3kV
Raw water pump 6 160 945 1500 380V
Washing pump 2 110 220 987 380V
Air compressor 1 8 8 2840 380V 0.78
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Other loads (blowers,
cleaners, lighting, 100
etc)
Total Loads 2713

Source: Nag-Hammadi WT plant, based on a questionnaire submitted by the consultant.

4.3. Data Analysis

Based on data provided by the UEEDC, the average annual power factor recorded in
2007/2008 for Nag-Hammadi WT plant was 0.78; during 2008/2009 the PF increased to 0.8.
The penalty imposed on the plant due to low PF was estimated at LE 93,083 for the year
2007/2008 and slightly increased to LE 93,860 in 2008/2009 due to increased electricity
consumption.

The contracted power of Nag-Hammadi WT plant is 1,350 kW, at 0.9 PF, while the peak
demand reached 1,887 kW in 2007/2008, i.e. the peak demand exceeds the contracted by 537
kW (39%). In 2008/2009, the peak demand decreased to 1560 kW, i.e. still more than the
contracted power by 210 kW (16%). According to Electric Utility regulations, this situation is not
acceptable, and the plant has to pay demand charge penalty because the maximum demand
exceeds the contracted power by more than 5%. For 2007/2008, the penalty paid by Nag-
Hammadi WT plant was LE 50,051, and for 2008/2009, it is estimated at LE 23,940.

To save the demand charge penalty, the plant should increase its contracted power to at least
2,000 kW.

The average demand consumed during 2007/2008 was 972 kWW, while the maximum
demand recorded during the same year was 1887, giving an annual load factor of approxi-
mately 52%. This low load factor is an indicator of bad performance of the electric network.

The total rating of installed transformers in Nag-Hammadi WT plant is 9.5 MVA, while the peak
demand recorded during 2007/2008 was 1887 kW, equivalent to 2,419 kVA at 0.78 PF. Thus
the maximum loading of istalled transformers is about 26%. This condition of lightly loaded
transformers introduces more losses, lower efficiency, and a lower PF. It is therefore
recommended to use three transformers only and de-energize the other three for better
performance of the electric network.

4.4 Equipment Design

The design of the capacitor banks aims to raise the power factor from 0.78 (worst case) to
0.95. The design is based on data provided by the UEEDC, a questionnaire submitted to the
engineering staff of the plant as well as a site visit by the consultant.

Compensation of the reactive power will be carried out at both the medium and low voltage
levels. It will take into consideration the maximum demand, transformer ratings, load character-
istics and expected extension.

MV Transformers TR1 and TR2:

For the two MV transformers, TR1 and TR2 (2.0 MVA, 11/3.3 kV), the power factor will be
improved at the outgoing busbars of the two transformers as shown in Appendix A. It is
recommended to install a capacitor bank of total power rating 360 kVAR, connected, divided
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into two sections, each section 180 kVAR consisting of 3 steps, each step rated 60 six steps,
will be installed for both sides of the capacitor banks.

The bill of quantities and specifications of the capacitor bank components are given in
Appendix B.

LV Transformers TR3 and TR4:

For the two LV transformers, TR3 and TR4, 1.5 MVA, 11/0.4 kV each, the corrective reactive
power is located at the outgoing 380 V bus-bar. The recommended value of the capacitor bank
is 300 kVAR, divided into two sections, 150 kVAR each. Each section consists of 3 steps, rated
50 kVAR each. The capacitor bank for TR3 and TR4 is illustrated in Appendix A.

LV Transformers TR5 and TR6:

For the raw water plant (transformers TR5 and TR6), it is recommended to install a 320 kVAR
capacitor bank (2 x 160 kVAR), consisting of 8 steps, 40 kVAR each, as shown in Appendix A.
It is also recommended to use a 12 step regulator.

4.5 Financial Analysis
Power Factor Improvement

The average annual PF for Nag-Hammadi WT plant was 0.78 in 2007/2008 and increased to
0.8 in 2008/2009. The amount of penalty paid in 2007/2008 was LE 93,082, slightly increased
to LE 93,860 due to increased consumption and energy tariff.

The implementation of the PF improvement project will eliminate this penalty. Moreover,
improvement of power factor to 0.95 will allow the plant to get a PF bonus, estimated as
follows (see Appendix C):

0.95-0.92
Bonus = —— x annual kWh x LE / kWh
2
The amount of bonus is approximately LE 28,257 for the year 2008/2009.

Payback Period

The total recommended compensating reactive power for Nag-Hammadi WT plant is 980
kKVAR. At the MV (3.3 kV) level, the required capacitor bank is 360 kVAR of cost around
LE 90,000. Compensating reactive power at the LV (380 V) level is estimated at 620 kVAR of
cost around LE 93,000. Thus the total cost of equipment, including capacitors, regulators and
all other components is estimated at LE 183,000. The expected simple payback period in this
case is approximately 2 years, due to the elemination of the annual penalty. With a PF bonus,
the total amount of savings is LE 121,339 and the payback period is reduced to 1.5 years (18
months).
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Modification of Contracted Power

Nag-Hammadi WT plant in 2007/2008 paid a demand charge penalty of LE 50,051 due to the
increased peak demand with respect to contracted power. This penalty is usually imposed if
the peak demand exceeds the contracted power by more than 5%.

Prompt action should be taken by the plant to modify the contracted power to 2,000 kW instead
of 1,350 kW. Consequently, the plant would save this penalty.

If the cables are capable of carrying the increased capacity (most likely so), no investment cost
is required and an immediate payback period can be achieved.

4.6 Conclusions and Recommendations

e The results of power factor improvement study at Nag-Hammadi WT plants and design
of capacitor banks lead to the following conclusions:

ltem Nag-Hammadi WT Plant
Before PF After PF
Improvement | Improvement

Average annual PF 0.78 0.95
Maximum active power (kW) 1887 1887
Maximum apparent power (kVA) 2419 1986
Annual consumption (kWh)
Installed capacitor banks (kVAR) 980
Cost of equipment (LE) 18,3000
Savings due to removal of penalty 93,082
(LE)
Payback period due to removal of 2 years
penalty
Total savings (LE) 12,1339
Payback period due to total 18 months
savings

The above results are based on data of 2007/2008 electric bill.

e Transformers in Nag-Hammadi WT plant are lightly loaded. It is recommended to
disconnect two transformers and de-energize the other two. This will improve efficiency,
power factor and reduce transformer losses.

e Since the maximum demand in Nag-Hammadi plant exceeds the contracted power by
more than 5% (39% in 2007/2008), it is recommended to increase the contracted power
from 1,350 kW to at least 2,000 kW. This will save about LE 50,000 every year.

e It is important to conduct benchmarking for evaluating the energy efficiency
performance of the plant.
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5. Overall Conclusions and Recommendations
Conclusions
Based on the 3 plants surveyed there is great potential for savings amounting to:

e 320,716 LE per annum from PF correction and bonuses from the electrical supply
company

e 50,000 LE per annum from renegotiating the electricity supply agreement at Deshna
WTP

This represents total savings of 370,716 LE per annum after investing 550,600 LE with a
maximum pay back period of 2 years.

With the bill of quantities for PF correction equipment and the specifications contained in this
report it would be easy to arrange for a contractor to install the necessary equipment and
QCWW to start gaining these savings in their operating costs for these plants.

Switching off lightly loaded transformers can also represent some savings, and it also gives the
advantage of reducing the potential fault current should a short circuit or earth fault develop.

Recommendations
1) Install the as detailed in this report to achieve savings of 320,000 LE per annum

2) Negotiate with the electrical supply company to modify Nag Hamady WTP’s contracted
power demand (currently 1,350 Kw) to at least 2,000 Kw to remove the penalty of 50,000
LE per annum

3) Isolate lightly loaded transformers at the plants as specified in this report

4) Lower the contracted power to around 1.5 MW by negotiation with the electricity supply
company for Deshna WTP to conform to the Electricity Supply regulations for Egypt.

22



APPENDIX A

CAPACITOR BANKS INSTALLATION DRAWINGS
(Al Salhya)



APPENDIX Al

Configuration of 400 kVAR, 3.3 kV, 50 Hz Capacitor Bank
for Al-Salhya WT Plant
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Low Voltage 360 kVAR Capacitor Bank for
Al-Salhya WT Plant
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APPENDIX Al

Configuration of 360 kVAR, 3.3 kV, 50 Hz Capacitor Bank
for Deshna WT Plant (TR1 & TR2)
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Configuration of 360 kVAR, 3.3 kV, 50 Hz Capacitor Bank
for Nag-Hammadi WT Plant
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Low Voltage 300 kVAR Capacitor Bank for
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APPENDIX B

BILLS OF QUANTITIES
AND
EQUIPMENT SPECIFICATIONS



1. BILL OF QUANTITIES - Al Salheya WTP & Intake

The following are the required bills of quantities for the compensating scheme to be
installed at Al-Salhya Water Treatment Plant and "Al-Sheikh Husein" Intake. The
different system components should comply with the specifications given.

A- For Al-Salhya WT Plant:

Table 1 - 400 kVAR (4 x 100) MV Capacitor Bank

Item Description of work Qty Unit Total
No. price price
(LE) | (LE)

1 400 kVAR, 3.3 kV, 50 Hz, rack mounted 1

capacitor bank, consisting of four steps,
100 kVAR each. Each step is delta
connected, according to specifications and
as shown in Appendix Al and A2.

The item should include the following:

a - The current limiting reactors for each
capacitor bank,

b — The discharge reactors,

c - Capacitor elements,

d - Unbalance tripping and indication
alarm devices and accessories.

2 Three phase MV, metal enclosed, manually 2
and motor operated, draw out type vacuum
circuit breakers, 3.3 kV, rated current 400
A, short circuit current 25 kA, and
complete with its cubicle.

The control circuit is operated at 110 V ac.

3 Three phase MV, metal enclosed, manually 4
and motor operated, vacuum circuit
breaker, contactor, rated 100 kVAR, for
switching the capacitors.

4 Power factor regulator to detect and control 1
the amount of kVARs required for each
bus section.

5 Cables and wiring of control circuits L.S.

Total in L.E.




Table 2 - 360 KVAR (6 x 60) LV Capacitor Bank

Description of work Qty Unit Total
price price
(LE) (LE)
360 kVAR, 400V, 50 Hz, capacitor bank with 1

controlling equipment as shown in Appendix
A3.

The item should include the following:

a- A panel made of hot enameled steel, floor
mounted with hinged doors (enclosure IP 42),
b — Three — phase main circuit breakers, air or
MCCB type, with rating 800 A/65 kKA,

¢ - Copper bus bars with cross section not
less than 1.5 A/mm?

d - 6 (six) groups of H.R.F. of rating 200 A,
600 V complete with fuse holder,

e — 6 (six) contactors of rating 150 A at A3
(or 60 kKVAR rating),

f— 6 (six) 50 kVAR capacitors, 400 V, 50
Hz,

g — Power factor regulator 6 stages,

h — Power factor meter with digital display,

The price should include all necessary
connecting cables and accessories.

Total in L.E.




with controlling equipment as shown in
Appendix A4. The bank will be used to
improve the power factor at the outgoing bus
bars of either TR5 or TR6.

The item should include the following:

a - A panel made of hot enameled steel,
floor mounted with hinged doors (enclosure
IP 42),

b — Three — phase main circuit breaker, air or
MCCB type, with rating 1250 A/65 KA,

¢ - Copper bus bars with cross section not
less than 1.5 A/mm2

d - 8 (eight) groups of H.R.F. of rating 150
A, 600 V complete with fuse holder,

e — 8 (eight) contactors of rating 125 A at A3
(or 50 kVAR rating),

f — 8 (eight) 50 KVAR capacitors, 400 V, 50
Hz,

g — Power factor regulator 12 stages,

h — Power factor meter with digital display,

The price should include all necessary
connecting cables and accessories.

B- For "Al-Sheikh Husein'" Intake:
Table 3 -400 kVAR (8 x 50) LV Capacitor Bank
Description of work Qty Unit Total
price price
(LE) (LE)
2 | 400 kVAR, 400V, 50 Hz, capacitor bank 1

Total in L.E.




2. BILL OF QUANTITIES — Deshna WTP

The following are the required bill of quantities for the compensating scheme to be
installed. The different system components should comply with the specifications

given.

Table 1 - 360 kVAR (6 x 60) MV Capacitor Bank

For TR1 and TR2

ltem
No.

Description of work

Qty

Unit
price
(LE)

Total
price
(LE)

360 kVAR, 3.3 kV, 50 Hz, rack mounted
capacitor bank, consisting of four steps,
100 kVAR each. Each step is delta
connected, according to specifications and
as shown in Appendix Al and A2.

The item should include the following:

a - The current limiting reactors for each
capacitor bank,

b — The discharge reactors,

c - Capacitor elements,

d - Unbalance tripping and indication
alarm devices and accessories.

Three phase MV, metal enclosed, manually
and motor operated, draw out type vacuum
circuit breakers, 3.3 kV, rated current 400
A, short circuit current 25 kA, and
complete with its cubicle.

The control circuit is operated at 110 V ac.

Three phase MV, metal enclosed, manually
and motor operated, vacuum circuit
breaker, contactor, rated 60 kVAR, for
switching the capacitors.

Power factor regulator to detect and control
the amount of kVARs required for each
bus section.

Cables and wiring of control circuits

L.S.

Total in L.E.




Table 2 - 400 KVAR (8 x 50) LV Capacitor Bank

For TR3 and TR4

Description of work Qty Unit Total
price price
(LE) (LE)
400 kVAR, 400V, 50 Hz, capacitor bank 1

with controlling equipment as shown in
Appendix A3. The bank will be used to
improve the power factor at the outgoing bus
bars of either TR3 or TR4 or both.

The item should include the following:

a- A panel made of hot enameled steel,
floor mounted with hinged doors (enclosure
IP 42),

b — 2 (Two) three — phase main circuit
breaker, air or MCCB type, with rating 600
A/B5 kA,

¢ - Copper bus bars with cross section not
less than 1.5 A/mm?

d - 8 (eight) groups of H.R.F. of rating 150
A, 600 V complete with fuse holder,

e — 8 (eight) contactors of rating 125 A at A3
(or 50 kVAR rating),

f -8 (eight) 50 kVAR capacitors, 400 V, 50
Hz,

g — Power factor regulator 12 stages,

h — Power factor meter with digital display,

The price should include all necessary
connecting cables and accessories.

Total in L.E.




3. BILL OF QUANTITIES — Nag Hammady

The following are the required bill of quantities for the compensating scheme to be
installed at Nag-Hammadi Water Treatment Plant. The different system components
should comply with the specifications given.

Table 1 - 360 kKVAR (6 x 60) MV Capacitor Bank

ltem
No.

Description of work

Qty

Unit
price
(LE)

Total
price
(LE)

360 kVAR, 3.3 kV, 50 Hz, rack mounted
capacitor bank, consisting of four steps,
100 kVAR each. Each step is delta
connected, according to specifications and
as shown in Appendix Al and A2.

The item should include the following:
a- The current limiting reactors for each
capacitor bank,

b — The discharge reactors,

c - Capacitor elements,

d - Unbalance tripping and indication
alarm devices and accessories.

Three phase MV, metal enclosed, manually
and motor operated, draw out type vacuum
circuit breakers, 3.3 kV, rated current 400
A, short circuit current 25 kA, and
complete with its cubicle.

The control circuit is operated at 110 V ac.

Three phase MV, metal enclosed, manually
and motor operated, vacuum circuit
breaker, contactor, rated 60 kVAR, for
switching the capacitors.

Power factor regulator to detect and control
the amount of KVARSs required for each
bus section.

Cables and wiring of control circuits

L.S.

Total in L.E.




Table 2 — 300 KVAR (6 x 50) LV Capacitor Bank for TR3 and TR4

Description of work Qty Unit Total
price price
(LE) (LE)

300 kVAR, 400V, 50 Hz, capacitor bank with 1
controlling equipment as shown in Appendix
A3.

The item should include the following:

a- A panel made of hot enameled steel, floor
mounted with hinged doors (enclosure IP 42),
b — 2 (two) three — phase main circuit breaker,
air or MCCB type, with rating 400 A/65 KA,
¢ - Copper bus bars with cross section not
less than 1.5 A/mm?

d - 6 (six) groups of H.R.F. of rating 150 A,
600 V complete with fuse holder,

e — 6 (six) contactors of rating 125 A at A3
(or 50 kVAR rating),

f— 6 (six) 50 kVAR capacitors, 400 V, 50
Hz,

g — Power factor regulator 6 stages,

h — Power factor meter with digital display,

The price should include all necessary
connecting cables and accessories.

Total in L.E.




Table 3 -320 kVAR (8 x 40) LV Capacitor Bank for TR5 and TR6

320 kVAR, 400V, 50 Hz, capacitor bank 1
with controlling equipment as shown in
Appendix A4. The bank will be used to
improve the power factor at the outgoing bus
bars of either TR5 or TR6.

The item should include the following:

a- A panel made of hot enameled steel, floor
mounted with hinged doors (enclosure IP 42),

b — 2 (two) three — phase main circuit breaker,
air or MCCB type, with rating 400 A/65 KA,

c - Copper bus bars with cross section not
less than 1.5 A/mm?

d - 8 (eight) groups of H.R.F. of rating 125
A, 600 V complete with fuse holder,

e — 8 (eight) contactors of rating 100 A at A3
(or 50 kVAR rating),

f — 8 (eight) 40 KVAR capacitors, 400 V, 50
Hz,

g — Power factor regulator 12 stages,
h — Power factor meter with digital display,

The price should include all necessary
connecting cables and accessories.

Total in L.E.




4. SYSTEM REQUIREMENTS AND TECHNICAL PECIFICATIONS

General Specifications of Capacitor Banks

It is required to supply, install, commission and hand over in a perfect working
conditions 3 (three) complete systems of switched steps capacitor banks. The
required systems, as stated before, should consist of the following elements:

a)

e Medium voltage switched capacitor banks (one)

e Low Voltage switched capacitor banks (two)

e Power factor regulators.

e Medium voltage metal enclosed draw out type motor operated MV,
circuit breaker or MV contactor.

MV automatically requlated switched capacitor banks:

The configuration of each capacitor bank should be as indicated in the attached
figures and consist of the following:

Metal clad cubicle panel: indoor type, floor mounted assembly, provided by
suitable ventilation method, to maintain thermal stability. The cubicles shall be
designed to accommodate different equipment with reserve for future
extension of capacitor units. All the instruments shall be mounted on a hinged
door at the front of the cubicle. Micro switch shall be provided to cubicle door
for safety operation.
The vacuum contactors which are used for switchable capacitor banks must
have a good switching capability up to the highest bank rating without restrike
and thus without over-voltage occurring. The selected contactors should be
suitable to operate automatically according to signal from PF controller and
must withstand voltage and current stresses expected during operation.
Capacitor elements having specifications as given below.
Electronic PF Regulator including all associated equipment. The controller
should be fitted with automatic no-voltage release feature, which disconnects
all capacitors in case of a main failure. When the main voltage returns, the
controller commences operation after reasonable time delay. The controller
should be equipped by a means for allowing manual operation. Test buttons
shall be provided. A time delay shall exist between switching off each stage,
so as to allow for capacitor discharge time.
Current limiting reactors
Discharge reactors.
Switch gear with the proper type and medium should comply with the
following characteristics:
1. Itshould withstand the transient inrush currents at switching on.
2. It should have adequate braking capacity at least as high as the system
fault current at the point of connection of the bank.
3. It should protect the capacitors effectively against permanent over-
voltages and over-currents.

Unbalance current protection, for star configuration.



e Over voltage protection (to prevent the voltage on each capacitor to exceed
its safe operating voltage 1.1 V).

e Indication alarm devices.

e The panel should be constructed to ensure human safety. All normally
energized parts should be insulated to provide adequate protection to
operating persons.

b) LV automatically switched capacitor banks:

The configuration of the low voltage capacitor banks is given in Appendix 3 and 4
for Al-Salhya WT plant and "Al-Sheikh Husein" Intake. Each bank should
include, but is not limited to, the following elements:

e Capacitors elements, having specifications as given below, should be factory
assembled and wired in dust tight metal enclosures with a backed enamel
finish. Integral mounting brackets should be provided to facilitate wall or floor
mounting.

e A door-mounted, microprocessor-based, multi-step, adjustable power factor
controller. The controller shall be provided with the following:

% A manual or automatic selector switch.

s Adjustable switching time delay from 10 to 60 seconds.

% Digital display of actual power factor.

¢+ Continuous front panel display indicating which steps are on.

< Rotational switching sequence to ensure that the steps are used equally.
% Operating temperature range from - 10°C to 55°C .

e Current limiting fuses shall be provided on all three phases of each step.

e The individual capacitor steps shall be switched using a contactor suitable for
switching capacitor currents. The minimum life expectancy of the contactor
shall be not less than one million switching operations.

e Over voltage protection (to prevent the voltage on each capacitor to exceed
its safe operating voltage 1.1 V).

e All internal buswork shall be bare tin plated copper, or insulated copper
conductor.

e The main circuit breaker of the capacitor bank must comply with the standard
specifications, provided with high interrupting capacity and solid state trip
mechanism. The incoming power cable connections should be appropriately
sized for the breaker.

e All flexible power cable shall be copper conductor, 105° C insulation,

installed in accordance with the latest revision of the IEC.



Capacitor Specifications

1. Capacitors must comply with the IEC standards and, at least, one of the
following standards:

- C 54-100 (French)

- NEMA Cp 1 (American)

- BS 1650 (British)

- VDE 0560 (German)

The Following is Applied Only for Medium Voltage Capacitors:

2.  Capacitors should be of dry type, enclosed in steel tanks with two
porcelain insulators. The tank comprises the assembly of the capacitor
elements. The dielectric used in the capacitor should be of the non-hydrocarbon
and polypropylene film, i.e. all plastic film or equivalent. Nameplates should be
attached to enclosures giving name of manufacturer, rated voltage, KVAR
rating and number of poles.

3. Insulation Level

The insulation level of the units should be equivalent to that of the bank,
otherwise extra insulation to the units is necessary. The insulation level should
not be less than 3.5 cm/kV.
- The withstand test voltage (r.m.s) at a.c power frequency
should be 60 kV for 3.3 kV capacitor bank.
- The withstand impulse test voltage crest value should be 20
kV for 3.3 kV capacitor bank 20 kV

The Following is Applied Only for Low VVoltage Capacitors:

4. LV individual capacitors should be factory assembled in the metal
enclosures and wired in a 3-phase, 420 V, configuration with termination
provisions within the enclosure to facilitate field connection to system wiring.

5. Each capacitor unit should contain discharge resistors to bleed off
residual voltage after power is removed from the unit. For the low voltage
capacitors, discharge should be to a residual voltage of 50 V or less in 5 min.

6.  The value of the capacitance should lie between 95% and 110% of the
nominal value.

7. The capacitors should be with self-healing, and extra reduced losses (less
than 0.5 W /kVAR) including the losses of the discharge resistance.

8.  Capacitors should be well adapted to automatic step systems controlled
by power factor regulators.

9.  Capacitance variation in relation to temperature should be less than 4°C
over the ambient temperature range 20° to 50° C.



10. Each capacitor cell should be furnished with a built-in pressure
sensitive interrupter  recognized by  the UL-
recommendations.

Voltage and Overload Specifications:

e Insulation level of capacitors : > 0.6 kV
e Operating over-voltage at the capacitor terminals : 10% over long
periods
e Temporary over-voltage (5 min.) : 20kV
e Impulse voltage test (1.2/50 ps.) . 15kV
e Over current due to harmonics : 30%
Protection:

e Capacitors should be fused with current limiting replacable fuses. Fuses
should be factory installed in enclosures.

e Capacitors should have blown fuse indicator lamps. Lamps should
provide for quick external inspection for blown fuses.

e Capacitors should be provided by modular cable entry boxes (IP45).

Temperature Class:

e From -10° C to 50° C under the ambient air temperature.

e Maximum temperature : 50°C
e Average temperature over 24 hours : 40°C
e Average temperature over one year : 30°C

Switching Devices:

Switching devices are to be rated for at least 135 percent of the continuous current
rating for the system circuit capacity.

Accessories:

Any accessories not mentioned in the specifications and required for satisfactory
and proper operation shall be offered by the tenderer.

Tests:

Tests for capacitors and accessories shall be carried out in accordance to the latest
IEC specifications. The tests specified for capacitors shall be of two kinds: routine
tests and type tests (IEC 871-1) (1987). Routine tests shall be carried out on every
capacitor on completion. Type tests are intended to prove the soundness of the
design of the capacitor and its suitability for operation under the actual site
conditions.



APPENDIX C

ELECTRICITY TARIFFS

Electricity Tariff for Water and Wastewater Utilities
(2008/2009)

1. Enerqgy Charge:

LE 0.214 / KWh

2. Demand Charge:

LE 9.5/ kW — month

3. Power Factor:

Power factor penalty as levied by all utilities in Egypt are calculated as follows:
e Foraverage PF > 0.7 and<0.9:

Penalty = 0.5 * (0.9 — pf) * Energy cost / yr

e For average pf < 0.7 (3 months):

Penalty = 1.0 * (0.7 — pf) * Energy cost / yr

e For average pf < 0.7 (7 months):
Penalty = 2.0 * (0.7 — pf) * Energy cost / yr

Power factor bonus is offered for PF higher than 0.92 and less than 0.95. Higher
than 0.95 no bonus is offered; thus bonus is calculated as follows:

Bonus = 0.5 * (pf — 0.92) * Energy cost /yr

Billing system for both penalty and bonus is applied on annual basis.
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APPENDIX E

TRAINING DOCUMENTATION
(LIST OF ATTENDEES & TRAINING MATERIAL)



List of QCWW Attendees
Earthing, Design, Installation & Testing

Kenouz Training Center

1 Amr Ahmed Mohamed
2 Ahmed Fawzy Ali

3 Zenab Amr Mohamed
4 Nageb Wadea Agaby

5 Ali Ahned Awasee

6 Asma Mohamed Ahmed
7 Shaema Hassan

8 Maysara Abdeen

9 Shaema Ahmed Dahy
10 Ahmed Mohamed Alwa
11 Lila Saed Elkady

12 Nabila Rafat Younan
13 Hamdy Fouad Abdella
14 Housam Mohmaed

15 Mahmud Mohamed

16 Mohamed Ali Mohamed
17 Mohmaed Hassan

18 Mustafa Mohamed

19 Mohamed Saed

20 Mohamed Hamam

21 Saeed Mohamed

22 Ahmed Hagagy

23 Saed Abdelkirim

24 Ali Mahmud Ali




ENERGY EFFICIENCY
IMPROVEMENT &
BENCHMARKING

FOR WATER

TREATMENT PLANTS

Dr. Ahmed Khozam

TOPICS TO BE COVERED:

1. What is Energy Efficiency & Why it is Impeortant?
. Water Cycle and Water Treatment Plants

. The Concept of Benchmarking.

. Performance Evaluation & Comparison with Best
Practices.

. EE Measured in WT & WWT Plants.

=
)
)
:> . Large Water Treatment Plants in Egypt.
2
=
=

. Conclusions & Recommendations




What is Energy Efficiency &
Why it is Important?

» Energy efficiency improving is the process of
minimizing energy use without affecting the
quality of service or product.

» In Water and Wastewater Treatment plants
Improvement in energy efficiency from 20 to 30%
could be achieved.

» Energy Cost in WT and WWT Plants represent
approximately 30 — 50% of total cost of the
: production of 1 m3.

he national level:

FINAL ENERGY CONSUMPTION
(Total = 112617 GWh)

ELECTRICITY DISTRIBUTION BY SECTOR (2008/2009)

Utilities Consumption (4.1%) = 4617 GWh




CONSUMPTION in
WT & WWT PLANTS

. All Utilities in Egypt consume 4.1% of
total electricity consumption.

. The share of Water and Wastewater

Plants represent = 3% of total
consumption (of cost > LE 800 million)

. The 12 Cairo Water Plants consume
more than 860000 MWh / year (i.e. 20%
of total Utilities consumption)

4. Wastewater plants in Egypt consume
/ year.

KEY QUESTIONS FOR ENERGY
EFFICIENCY IMPROVEMENT

» What are the most energy intensive facilities
in the WATER CYCLE?

» HOW to evaluate the PERFORMANCE of
these facilities?

» What is the CRITERIA for evaluating the
performance?

> Is any POTENTIAL FOR ENERGY
EEEICIENCY IMPROVEMENY in these
facilities?

IS the proposed ACTION PLAN?




TYPICAL WATER CYCLE

Collection,
Extraction &
Conveyance

End-use,
Recycled Recycled Agricultural,
Water

Treatment Distribution Commercial,
Industrial,
[RESIENIE

- Wastewater Wastewater
Treatment Distribution

A TYPICAL BLOCK DIAGRAM OF
POTABLE WATER TREATMENT PLANT

Clarifier 1 Treated Treated
Raw Water Intake Inlet

Distribution P Water \I!’\{J'ar:‘ﬂing
& Pumping Station Filters
ping Chamber EUS Station -




HIGH ENERGY CONSUMING POTENTIAL
FACILITIES & COMPONENTS

» Water Treatment & Wastewater Treatment Plants are
the Most Energy Consuming Facilities in the WCM
System.

» WT & WWT Facilities Consume more than 80% of
Total Energy Consumption in the WC

» In any Water Treatment Plant, the Most Energy
Consuming Departments are:

Lt
Lt

> In Wastewater Treatment, Process is the
mast Energy Consuming Process

TYPICAL APPROACH FOR ENERGY
EFFICIENCY IMPROVEMENT

Data Collection
Benchmarking

Site Visits & Short Audits
Identify Energy Effici 119Y Opportunities




TYPICAL APPROACH FOR
EE IMPROVEMENT(Cont.)

1. DATA COLLECTION

» Information on WT & WWT Plants to be
Covered Including:

% Design Production Capacity (m3)

¢ Actual Production Capacity (m3)

+« Annual Energy Consumption (kWh)

s Power Factor

s Peak Demand (kW)

s Major Loads, ... efc.

> A “QUESTIONNAIRE” is Designed for

1iS Purpose.




LOOK FOR UTILITY BILLS:
WHAT ARE THE COSTS OF ENERGY per MONTH &
per YEAR?

UTILITY BILL

% Electricity ELECTRICITY
a Natural gas > Consumption (kWh)

Q Fuel oil > Max. Demand (kW)

» Power Factor
(Penalty for PF < 0.9)

» .... Other

1.
21.4 PukWh

2. Demand Charges:
9.5 L E/kW-monitih

S PF Penalty:
0.9>PF>0.7 (0.9-PF) *0.5* Energy Cost
PF < 0.7 for 3 months (0.9 - PF) * 1.0 * Energy Cost
PF < 0.7 for 6 months (0.9 - PF) * 2 * Energy Cost




BENCHMARKING

Benchmarking is the comparison
of a business's current level of
performance against a pre-
defined point of reference (or
benchmark) in order to assess
the potential for improving its
performance and reduce its
energy consumption.

BENCHMARKING CONCEPT

« Companies often think that they are highly
energy-efficient

 Benchmarking provides a tool to test this
perception

e Benchmarking programs typically result in
Increased attention to energy efficiency.

*» Most businesses can reduce energy costs by
a minimum of 20 - 30% by introducing an
energy efficiency programme.

o Kay barrier is lack of information




Energy Benchmarking Process

1. Gain Commitment & Assign Responsibility
Analyse Curreni Pariormarnes

genchnrnarking
(Compare Performance & Sei Targeis)

Energy Survey
Implement Action Plan

Meonitor & Control

LARGE POTABLE WT PLANTS IN
CAIRO

Praoduction m3/day algal) ddas
158,050 355al) olsa dbias
1,033,163 Alaa) ola dnaa
753,335 T A (g, ola aae
380,000 dadl) | jadi olia ddasa
450,000 aall 53555 ola dlaaa

64,158 stal) JAS olia Ahaaa
441,256 4y aad) olse dasa
110,000 Liag ) olsa Adasa
1,150,000 ke sl ddaaa
1,111,908 L) slea ddaaa

56,890 Ol slsa Adasa
195,161 sl Jlad slea Adaaa

&
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MAJOR PARAMETERS & PERFORMANCE EVALUATION
OF WATER TREATMENT PLANTS IN CAIRO - 2006

Statiomn Mestorod | Gezirat Al- Shebra Al-Roda

Dahab Al-Kh.

Design Value of Supply 1,150,000 450,000 380,000 110,000

Capacity (m®/day)

Actual Annual Supply 400,252,6 186,486,1 124,242,9 65,578,390

Capacity (000 m? /year)

Annual Electricity 192,864,114 | 56,129,728 36,719,552 30,789,590

Consumption (kWh /year)

Specific Energy 0.482 0.301 0.470

Consumption (kWh/m?)

Maximum Demand (kW) 9200 9965 4960 2458

Load Factor (%) 52% 49% 71% 73%
(79.9%)

.81

MAJOR PARAMETERS & PERFORMANCE EVALUATION
OF WATER STATIONS IN CAIRO - 2006 (CONT.)

Station Al-Giza Rod-Elfarag | Kafr-Elelw
Design Value of Supply 158,050 ,033,163 753,335 64,158
Capacity (m®/day)
Actual Annual Supply 57,688 377,104 274,967 23,417
Capacity (000 m? /year)
Annual Electricity , 12 92,181,002 A
Consumption (kWh /year)
Specific Energy 0 )
Consumption (kWh/m?3)

n.

n.a a
Load Factar (%)
Power Factor

79,911,180 8,550,234




MAJOR PARAMETERS & PERFORMANCE EVALUATION
OF WATER STATIONS IN CAIRO (CONT.)

Design Value of Supply 1,111,908 195,161 56,890 441,256
Capacity (m®/day)

Actual Annual Supply 405,846 71,234 138,700 151,203
Capacity (000 m? lyear)

Annual Electricity 198,054,810 56,417,706 33,466,342 | 69,709,340
Consumption (kWh /year)

Specific Energy 0.488 0.792 0.588 0.482
Consumption (KWh/m3)

Lond Factor ) .

FINDINGS FROMITABLES

LOAD FACTOR (LF) RANGES FROM 49% TO 73%

LF Average kW Load Over a Billing Period

Peak Demand

Ideal Load Factor = 1

LF Improvement =  Demand Control

LF Improvement Depends on:
 The Power Profile of the Station
« Availability of Sheddable Loads
» The Rate Schedule (if exists).

AR



Results of Specific Energy Consumption

Jdadill Yy SEC For Year 2006 kWh/m3 olaall Adass
1898 3 30al) olse dana
1975 0.244 Ala) olae ddansa
1903 0.291 Z oAl gy olae Adana
1971 0.296 Gadl) ) s olie Adans
1973 0.301 Caall 3y 5 olia ddasa
1923 0.365 Slall i€ alie Adana
1960 0.461 4 530! ola ddasa
1978 0.470 Qg olse ddans
1970 0.482 W
1989 0.488 Lihadl) ol dasa
1973 0.588 o) olaa ddana

. 1963 0.792 ezl

Specific Energy Consumption (SEC)
for Year 2006

KWH/m3
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BENCHMARKING COMPARISON OF SEC
WITH OTHER COUNTRIES:

SEC (kwh/m)

Egypt:
1. Cairo 0.157-0.792

2. Albehera — 0555

3. Qena 0.27-0.82
Brazil 0.072 - 0.40

0.13-0.27

Jordon 0.55-0.80

WHY AL-BEHERA TW PLANTS
HAVE BETTER PERFORMANCE?:

Meost of the plants improved PF.
Some Plants Applied VSD (Damanhour 2).

Perfect Management & Building of Human
Resources.

Good System of Maintenance.

V'Y



POTABLE WATER PLANTS IN AL-BEHERA

Production m3day

all SN
129019 (¢ s + Spill)

32,492
56,188

e W G

Production (m°) 2005/2006
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ARKING (Cont.)

Albehera Potable Water Pumping Stations
Specific Energy Consumption 2003/2004

0329 0327
—  — %D 0309 (303
] — — 0,280

Station

Power factor 20052006

HHHH

g Lhd W S al U B I K ea
Sdo4

kWh/m3

08
06
04
02
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nchmarking

Water & WW Sector

Consumption

Set Targets

Energy M&T
Implementation Plan
Plan
Actions

Outsourcing of

Bureau Service Tane

Action

Model of Recommendations:

Example of benchmarks:

A- Have to adjust their
consumption to °Q3"
as a minimum

B & C- Acceptable for
the sector

D- Very performing units
(CEGERS)]

1



Quick Energy Audit (QEA)

It is a quick overview of energy use pattern
and energy costs.

It is necessary for setting the energy
accounting system.

It is used to preliminarily identify energy
wastes as well as to define the energy
conservation opportunities (ECOs).

It Is a necessary base for a detailed energy
audit.

Detailed Energy Audit (DEA)

Detailed energy audit is more detailed,
sophisticated and time consuming than QEA.

It involves actual measurements of plant
operating equipment and efficiencies,
calculations of energy balances and uses in
different areas of the plant or facility.

Results of the DEA are specific, detailed
recommendations to save energy with a
financial analysis of each one to demonstrate
itS cost effectiveness.

ARY



A well proven energy
management strategy should
help in measuring current
energy performance, set
goals, track savings and
reward improvements

RGY EFFICIENCY POTENTIAL
INWT & WWT PLANTS
The Following are Well-Proven Energy Efficiency
Technologies Applied in WT and WWT Plants:

Variable Frequency Drives (WT & WWT)

. Combined Heat and Power (CHP) or
COGENERATION (WWT)

. Power Factor Improvement (WT & WWT)
. Efficient Aeration Process (WWT)
. Efficient Use of Stand-by Generators (WT & WWT)
. Lead Management (WT & WWT).
Impgoved Maintenance

YA



REQUENCY DRIVES

< Installing VFDs on the primary feed
pumps and product transfer pumps will
save much energy by reducing losses
through flow control valves.

< Applied in Damanhour 2 Water Plant in

Cooperation with Danish Water Utility of
Amsterdam.

< The Specific Energy Consumption (SEC)
reduced from 0.32 kWh/m3 te 0.27 kWh/m3.

< Amount of annual energy saving = 1221.6 MWh of
coSt LE 219881 (energy caost = LE 0.18 / kWh)

Example of Excellent VSD Candidate
25

20 o

Operating
Hours

r15

r10

5

-0
30 40 50 60 70 80 90 100

% Rated Flow




.TOR IMPROVEMENT

1. Direct Benefits

» Simply the penalty will be removed.

» The HCWW has 135 Facilities with PF not
improved, with a total imposed penalty
about 10 million LE.

» No Water Treatment plant in Cairo has PF
improves (see Figure)

2. Indirect Benefits:

» Reduced kVA
Increased system capacity
Reduced losses, .... Etc.

"TAERATION PROCESS

» There are several different methods
of providing aeration. All methods
have the same basic purpose, namely
to introduce oxygen into the
treatment process in the most
efficient manner.

»> This oxygen is essential to sustain
the beneficial bacteria that consume
the pollutants.




AERATION PROC

A good starting point for energy
savings is the aeration plant.
Pumping air to aeration tanks can
account for over 70% of the energy
consumption on atypical sewage
treatment plant. Regulated
dissolved oxygen (DO) levels
optimise the rate of tank aeration

educe pumping requirements.

AERATION PROCESS

» SURFACE AERATION:

Low efficiency and high energy consuming.
» DIFUSED AERATION:
Energy-saving More than 50% of the power was attributed to

aeration. By replacing your aeration system from mechanical
aerators, you could half your electricity bill.

> JET AERATION SYSTEM:

IS custom engineered to provide efficient oxygen
transfegand mixing in biological WWT plants.

AR



SRR

What makes it more efficient?

The saturator yields bubble sizes of 1 to 10 microns

in diameter. The smaller the bubbles, the higher the
surface area which yields the most efficient oxygen
transfer. These smaller bubbles also rise at a significantly
lower rate, g|vmg the oxygen more time to absorb into

"TAERATION PROCESS

Jet
aeration
system

AR



EFFICIENT USE OF STAND-BY
GENERATORS

» Cairo WWC has more than 10 MVA installed
capacity of Stand-by generators.

» These generators are not used efficiently.

» Connecting large Stand-by generators with
the grid will save money for both Electric
Utility (at peak demand) and Cairo WWC.

COMBINED HEAT & POWER (CHP)
(COGENERATION)

COGENERATION SYSTEM

ELECTRICITY

NATURAL GAS, DIL,
ALTERNATIVE FUELS

Yy



ERING CHP IN WWTPs

A typical WWTF processes 0.38 m3 per day of wastewater for

every person served.

< Approximately 1.0 cubic foot (ft3) of digester gas can be
produced by an anaerobic digester per person per day. This
volume of gas can provide approximately 2.2 Watts of power
generation.

* The heating value of the biogas produced by anaerobic
digesters is approximately 600 British thermal units per cubic
foot (Btu/ft3).

+ For each 4.5 MGD processed by a WWTF with anaerobic
digestion, the generated biogas can produce approximately
100 kilowatts (kW) of electricity.

CHP IN WASTEWAITER
TREATMENT PLANIS

Gasification of Sludge in Anaerobic Digesters

and use the gas for Cogeneration in gas engines

45% - 60% methane
10% - 20% nitrégen
25% - 35% corbon dicwide

Londfill gos composition




CHP IN WASTEWAITER
TREATMENT PLANTS (Cont.)

Another method for CHP:

By Direct Firing of Sludge in
a Fluidized Bed Boiler and
use the Generated Steam for
Electricity Production in a
Steam Turbine.

atment Plant

t
lication

» Fuel Type: Digester (Methane) gas.
» Prime Movers:
(4) 30 kW Capstone Micre-turbines.
» Annual Energy Savings:
$ 40,000 - $ 60,000 is - -
> Implementation Cast: $ 250,000 #‘
> Payback Period:
* Less than 2 years — City of Albert Lea,
* 4-6 years — Total project
> Yeat Installed: 2003

Yo



» Plant Capacity: 132500
m3/day (35 MGD)

» Generating Capacity: 2.5

MW of electricity & thermal
energy used for hot water,
chilled water and HVAC;
and to run the anaerobic
digesters.

PLAN FOR ENERGY EFFICIENCY
(BASICS FOR HCWW GUIDELINES)

> Short -Term Plan.
» Medium -Term Plamn.

> Long -Term Plan.

AR



EXAMPLE OF SHORT- TERM PLAN

» Assign an Energy Manager in large Water and
Wastewater Plants (WWP).

» Reduce leakage in WWPs and in water network.
» Load Management:
 Operate pumps at maximum efficiency.

» Parallel operation is switched ON or OFF according
to rate of flow and pressure.

*  Transformer loading.

» Use of stand-by generators at peak demands.

THANK YOU

Yv



GROUNDING SYSTEM FOR
INDUSTRIAL FACILITIES

Dr. Ahmed Khozam

Energy Efficiency Improvement &
Greenhouse Gas Reduction

CONTENTS

> What is Grounding (Earthiing) ?

» Why Grounding ?

» What are The Types of Grounding ?

» What are Grounding Standards ?

» What is a Ground Fault ?

» What are Grounding Components ?

» Earthing Recommendations.
onclusions.




INTRODUCTION

¢ This is a brief introduction to the
basics of grounding (earthing) of electrical
systems. It is not only very important, but also a
source of greatest confusion in the
understanding of electric power
distribution.

* Detailed design and specifications are site
specific and depends on many factors, such as
type and condition of electrical system, soil
parameters, equipment used , ...efc.

WHAT IS GROUNDING (EARTHING)
?

Note:

In UK people have “earth”, and in USA they have

“ground”. They are exactly the same, only different
terms are used iin different countries.

Definition:

A grounded system is one in which at least one
conductor or point (usually the neutral point of a
transformer winding) is intentionally grounded
(earthed), either solidly or through a current-
limiting device.




WHAT IS GROUND ?

The NEC, National Electrical Code
(NEC) defines a ground as:

*a conducting connection, whether
intentional or accidental between an
electrical circuit or equipment and the
earth, or to some conducting body that
serves in place of the earth.”

WHY GROUND ?

1. As a common reference for different sources.

2. Protect against lightning, line surges, or any higher voltage lines. It
minimize damage.

3. Provide an alternative path of fault current.

PRIMARY
OBJECTIVE OF
GROUNDING

SAFETY

Over-voltage Fault
Protection Protection




WHY GROUND ?

. Panel
Service Entrance board Receptacle

Load

Fault
o LA/

Equipment
Ground

Ground
Rod

1000 Chms|

99.5% survival threshold
= 116 mA for one (1) second.
= 367 mA for zero point one (0.1) second.




WHAT ARE GROUNDING TYPES?

Talking about GROUNDING we have to
differentiate between two different
subjects:

O System grounding, and
O Equipment grounding.

GROUNDING FUNDAMENTALS (Cont.)

That is why the recent practice is to use a
metallic conductor, as the return path for the
fault current. This conductor is termed the
‘PEN’ conductor (in TN-C systems) or the ‘PE’
conductor (in TN-S systems). The PEN or the
PE conductor are earthed at one or many places
along its length, only to bring its potential close
to the earth potential, which, conventionally is
as zero (vide CI. 2.7 of IS 3043).




SYSTEM & EQUIPMENT
GROUNDING

QO System grounding: is an intentional

connection from a circuit conductor
usually the neutral to a ground electrode
placed in the earth.

d Equipment groundiing: is to ensure

that operating equipment within a
Structure is properly grounded.

EQUIPMENT GROUND

An equipment ground is the physical connection to earth of
non-current carrying metal parts. This type grounding is
done so that all metal part of equipment that personnel can
come into contact with are always at or near zero (0) volts
with respect to ground. All metal parts must be
interconnected and grounded by a conductor in such away
as to ensure a path of lowest impedance for flow of ground
fault current. Typical items (equipment) to be grounded are;
electrical motor frames, outlet boxes, breaker panels, metal
conduit, support structures, cable trays, ... etc.




EQUIPMENT GROUNDING

Equipment grounding must comply with the National
Electric Code (NEC) Article 250. All noncurrent-
carrying metal enclosures for electrical equipment or
wiring must be grounded.

Equipment grounding means a continuous copper
conductor connected between the grounding electrode
(rod/grid) connection, at the source transformer, and at
each enclosure and equipment frame.

WHAT ARE THE TYPES OF
GROUNDING SYSTEMS ?

< Ungrounded System
< Solidly Grounded System
* Low Resistance Grounded System

** High Resistance Grounded System




UNGROUNDED SYSTEM

Ungrounded Power System

An Ungrounded system is one in which
there is no intentional connection
between the conductors and eartth.

Heowever as in system, a capacitive
coupling exists between th system

conductors and the adjacent ground |
surfaces. Consequently, the

‘ungrounded system” is in reality a

“capacitively grounded system” by
virtue of the distributed capacitance. G

UNGROUNDED SYSTEM

Ungrounded Power System

» An Ungrounded system may
typically used in Delta services.

» Ungrounded systems have the
ability to continue to operate with a
single ground fault. This will raise
the potential to ground of the
remaining two ungrounded phases
to their full line — to — line value.




SOLIDLY ROUNDED SYSTEMS

380 V Wye Source 3 ® Load

- A —

S

% &
=

Ground
Rod

SOLIDLY ROUNDED SYSTEMS

% Usually used in Y systems.
% Permit line-to-neutral loads
% Return fault current to trip over-current protection
device quickly.
s Usually better reference and safer system.
s Much better for lightning protection.
% Can be used in Corner grounded delta.
+ Disadvantage:
* Danger from low level arcing faults.
rong shock hazard to personnel.




SYSTEM GROUNDING

Service Entrance Ey uwipment

To loads
on Premises
Phase Conductors

e Neutral Point of System

Ground ing Neutral (if used for bad)
Impedance Soidly Grounded Conducior
"L Identified and Insulaied

— ! Equipment Grounding Conduripr I
Other Grounds Permitted L = a"’* Ground Bus (Ground Connector)
on Equipment Grounding Conductor — Grounding Elcirede Conductor
= &}—— Grounding Ekctrode at Premises

LOW RESISTANCE GROUNDING

* Limit fault current
* Minimize damage at the fault

Ground » Used usually with multiple sources, i.e.
Rod transformer and generator.




HIGH RESISTANCE
GROUNDING

)

~~ High-Resistance Grounding of, an
electrical power system, is the grounding
of the system neutral through a
resistance which limits ground-fault
current to a value equal to, or slightly
greater than the capacitive charging
current of that system.

It enable system to operate with on
phase grounding.

Current is low enough so that no damage
occurs.

Enable current to flow for detection
networks.

Standard Industrial System Grounding Methods

Methods of System Grounding

Characteristics Ungrounded Solid Low Resistance | Hi n
Ground Ground

Suseceptible to Transient overvoltages. WORST GOQD GOOD BEST

Under fault canditions (line-te-graundi)
increase of voltage stress

Plant continues to operates under single FAIR POOR PQOR BEST
line-to~-ground fz

AR



Standard Industrial System Grounding Methods

Methods of System Grounding

Characteristics

ngrounde

Solid
Ground

Low Resistance
Ground

High Resistances
Ground

Ease of leeating ground faults (tinve)

WORST

GOOoD

BETTER

System coardinatiomn

NOT POSSIBLE

GOoD

BETTER

Upgrade of ground system

WORST

GQoD

BETTER

BEST

Twe voltage levels an same system

NOT POSSIBLE

POSSIBLE

NOT POSSIBLE

NOT POSSIBLE

Reduction in number of faults

BETTER

BEST

Initial fault current Inte ground system

WORST

BETTER




GROUND ELECTRODE / ROD

Consist of three basic components:

1. Ground conductor

2. The onnection/bonding of
the conductor to the
ground electrode

3. The ground electrode
itself

GROUND ELECTRODE / ROD

The use of a single ground electrode is the most
common form of grounding and can be found outside
your place of business or building.

Partially Burried Rod

V'Y



RESISTANCE OF ELECTRODE

The resistance to earth of a given electrode (rod)
consists of 3 components:

a) Resistanc of the electrode and connections to
it.

b) The contact resistance of the electrode to the
adjacent earth.

c) The resistance of the earth surrounding the
electrode.

Maisture content is one of the controlling factors
of earth resistivity.

GROND ELECTRODE / ROD

For Rod or Pipe Electrodes,
100 p

P = Resistivity of the soil in Ohm-m
| =Length of the Rod or Pipe in cm
d = Diameter of the Rod or Pipe in cm.




PLATE RESISTANCE TO EARTH

If one considers a plate electrode, the
approximate resistance to earth is:

Ohms (IS 3043)

where,
p = Resistivity of the soil in Ohm-m
A = Area of both sides of the plate in m2

GROUNDING COMPONENTS

As can be seen from the above formulae,
only the resistivity of the soil and the
physical dimensions of the electrode play a
major role in determining the electrode
resistance to earth.

The material resistivity is not considered
anywhere in the above formulae.




GROUNDING: WHAT IS THE
STANDARD RESISTANCE TO EARTH ?

Frequently applied Criteria:

1 - 5 Ohms Resistance to Earth

< NEC requires only twenty-five (25) ohms of resistance
for made electrodes, while the

= ANSI/IEEE Standard 141 (Red Book) and ANSI/IEEE

142 (Green Book) specifies a ground resistance of one
(1) to five (5) ohms.

ELECTRICAL GROUNDING
STANDARDS

The standard for Electrical Grounding is covered in:

1. FIPS Publication 94: Guideline on Electrical Power
for ADP Installations 9/83

. IEEE Standard P1100: Guide for Powering and
Grounding Sensitive Equipment

. NFPA Publication 70: The National Electric Code

. |IEEE Standard 141: IEEE Industrial Electric Power
Systems

. IEEE Standard 142: IEEE Industrial and Commercial

1



DOMSTIC GROUNDING

Domestic grounding systems must prevent users and apparatus from
hazardous shocks during short circuits within the building. During
such a disturbance the grounded apparatus will carry a voltage relative
to normal ground. This voltage is dependent on the impedances of the
network components and the grounding system. When a person

touches a grounded apparatus during a disturbance his touch voltage will
be a part of that voltage. This will result in a current through the body.
In order to prevent victims this current must not last too long, so the
fault has to be switched o® in time. Switching of the fault is done by
the protection device. In most households this is a fuse or a circuit

breaker. To switch o® in time the circuit resistance needs to be low. The
circuit resistance is mainly determined by the impedance of the return
path. Several grounding principles

are applied nowadays (Figure 1)

GROUNDING (EARTHING)

Good Earth Connection Should Have :

» Low electrical resistance to earth.

» Good corrosion resistance.

» Ability to carry high current repeatedly.

» Reliable, cost effective and
environmental friendly.




TYPICAL SINGLE-PHASE FEEDING
ASMALL BUILDING

Power Company Your House

Distribution Mains
Panel Qutlet

Phase Conductor
Live wire Fuse {Hot)

Grounded Conduclor
Meutral+Ground {Neutral)
Bonding Jumper

Distribution Transformer

Ground Wire

Grounding
Electrode
Building
L. Grounding
© Hlectrode

YA



System Failures on Industrial
Power Systems

Failure Mode

Percentage of Failures

Line to Ground

98%

Phase to Phase

<1.5%

*Three Phase

< 0.5%

PRACTICAL OBSERVATIONS

“Through error or oversight,

intentional or

unintentional, the grounding system in many
cases is not installed in accordance with the
requirements of the National/International
Standards or Local Electrical Codes of
Practice”. (vide Clause 6.4.1 of IEEE 1100).
Even if installed properly, proper maintenance
of the earthing system is questionable, mostly

guided by incorrect practices.




MYTHS !

Myth 1:
Natural earth serves as a return path for
fault current

Myth 2:

Copper Earth Electrodes are better
than Gl or Steel Earth Electrodes
Myth 3:

Plate Earthing is better than Pipe
Earthi

GROUNDING FUNDAMENTALS

Fact:
Though this may be true in some cases,

one would be surprised to note that natural earth is
a very poor conductor of electric current. Yes!

The typical resistivity of the general mass of
earth is about 100 Ohm-m. Compare this with
the resistivity of Copper, which is, 1.7 x 10-8
Ohm-m (0.017 Ohm-mm2/m)




Industry Recommendations
IEEE Std 242-2001 (Buff Book)

Recommended Practice for Protection and Coordination of
Industrial and Commercial Power Systems

Ungrounded Systems

8.2.5 If this ground fault is intermittent or allowed to
continue, the system could be subjected to possible
severe over-voltages to ground, which can be as high as
Six to eight times phase voltage. Such over- voltages can
puncture insulation and result in additional ground faults.
These over-voltages are caused by repetitive charging of the
system capacitance or by resonance between the system
capacitance and the inductance of equipment in the system.

THANK YOU




POWER FACTOR
IMPROVEMENT

Dr. Ahmed Khozam

Energy Efficiency Improvement &
Greenhouse Gas Reduction

TOPICS TO BE COVERED:

) Whatis Power Factor (PF) 2
C> Why Improved PF ?
) How to Improve PF ?

:> Wihat is The Best Location of Capacitors and
Capacitor Banks ?

:> What Problems Associated With PFI Projects ?




WHAT IS POWER FACTOR?

’ V g@% Resistive
y—— 4 I Load
@ — "N— AN

Hot Plate Light
1. kW Power

C ——

2. kVi Power

WHAT IS POWER FACTOR?

Heat Compeonent =
— VAV
O k4‘ Circulating
<:I Compenent = Na

Wark

¢) kVA Power

d) Power Triangle

Note : A right “power” triangle is often used to illustrate the relationship between kW, kVAR
and kVA.




POWER FACTOR OF STANDARD LOADS

Type of Load Cos

Standard Induction Moter under / 0.17
a Load of:

0.55
0.73

0.80

0.85

Incandescent Lamp 1

Fluerescent Lamp 0.5

Discharge Lamp 0.4t0 0.6

Static Menephase Arc Welding 0.5
Arc Furnace 0.8

estor based Power Rectifier 0.4t 0.8

INDUSTRIES WITH LOW POWER FACTOR

Industry Uncorrected PF

Saw Mills 45% - 60%

Plastic (esp. extruders) 55% - 70%

Machine tools, stamping 60% - 70%

Plating, textiles, chemicals 65% - 75%

Hospitals, granularies, foundries 70% - 80%




WHAT ARE THE BENEFITS OF PF
IMPROVEMENT ?

Low PF means you are not
utilizing the electrical power
you are paying for.
X\
,\uﬂr* 100 kVAR
It At 70% PF, it requires 142 kVA
ta produce 100 kW

It At 95% PF, it requires only
105 kVA to preduce 100 kW

¥ That is, at 70% PF, it takes
35% more current te do the
ne work.

1. Direct Benefits

Simply You will not pay PENALTIES
any more.

More over after “Pay back Period”,

instead of paying, YOU WILL SAVE

ALL PENALTIES TO BE PAID.




HOW PENALTIES ARE CALCULATED ?

09>PF>0.7 (0.9-PF) *1 * Energy Cost

PF < 0.7 for 3 months (0.9-PF) * 1.5 * Energy Cost

PF < 0.7 for 6 months (0.9-PF) * 2 * Energy Cost

2. Indirect Benefits

Reduced kVA

Reduced Losses

Improved Voltage
Increased System Capacity

Examols: Aplant has a 500 kVA transformer aperating near capacity. It draws 480
kVA ar 730 A at 380 V. The percent PF is 75%, so the actual warking power available is
380 kW.

It is required to increase loads by 25%, which means that abaut 480 kW output must
be obtained. How this can be achieved ?  With the same PF (75%), the transfarmer
should be upgraded to 600 kVA rate. Mast likely, the next size standard rating would be
needed (780 kVA). A better solutien is to imprave PF fram 75% to 95% (by installing
about 250 KVAR capacitor bank) and release enough capacity to accommadate the
increased le




HOW TO IMPROVE POWER FACTOR ?

< Meost common methed is to install CAPACITORS
or CAPACITOR BANKS

< Power capacitor act as reactive Current
generators.

< Advantages:

Ne consumption of active energy
Low cost
Easy to install
Expected life duration (10-15 years)
of maintenance (static equipment)

How Capacitors Reduce Total Line Current ?

By providing the reactive current, they reduce
the total amount of current your system must
draw from the utility.

L ———— |

35 HP, 380 V Motor at
0.8 PF

42.5 Amp. M
15.2 Amp.
Power factor improved to 95%

ine current reduced 15% 10 kVAR

Capacitor




HOW TO CALCULATE THE RATED
POWER OF A CAPACITOR BANK ?

95% Targeted PF Provides Maximum Benefit.

Uncorrected PF = cos ¢2

67 kVAR

C it
Corrected PF =cos o1 = X Agpzzl or

» . 33 kVAR
A reduction in A After

apparent power of ~
35% is achieved

HOW TO CALCULATE THE RATED POWER OF
A CAPACITOR BANK ?

o
BT T

T
T
T
e |
Lo | om |
T

o oo
3 85|z
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WHAT IS THE BEST LOCATION OF
CAPACITORS or CAPACITOR BANKS ?

Individual Localized Global

¥ Best Solution ¥+ Remove penalty ¥ Remove penalty
¥ Expensive ¥t Most economical ¥t Target PF easily
(Installation & ¥+ Suitable for many attained
maintenance cost) distributed loads ¥t No reduction in
¥t Reduce IR losses losses
in cables

R ¥F Switch gears are

expensive

Location of Capacitors on
Motor Circuits

Power Source
. Mator Speed Capacitor
L (HP) (RPM) (KVAR)
Switch (
?

[ .
7
Contactor |
e % i
=
itor C

Fig. (b) Fig. (c) The motor type is a Pre-Frame NEMA Class B
Squirrel-Cage Induction Motor

=




From Basatin S.S- From Al-Haram S.S.

1250A l 1250 A
11 kv

F1 J CAIRQ WATER WORK, AL-RODAW. STATION

1250 A 1250A

TR1, 20 MVA TR2, 20 MVA TR3,2.0 MVA
11/3.3kV 11/3.3kV 11/3.3kV

I

{ ~
TR4, 500 kVA ;‘leo‘fzslkVA
3308 TREATED W. PUMPS .
Loads
790

LV Loads

RAW W. PUMPS

EEIGGR PROJECT
210
EEHC

From Deshna S.S. From Deshna S.S.

Figure 1

630 A

ST, 20 TR2,2.0 MVA

MVA
11/3.3kV 11/3.3kV

3.3 kv
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APPENDIX A4
Low Voltage 400 kVAR Capacitor Bank for

Raw Water (Al-Sheikh Husein) Intake

1, from TR5 l l 1, from TR6

(2.0 MVA) (2.0 MVA)
Controller (Z (I, +1,)

I#lsoA

4' 125A

aly

C8: 50 kVAR

APPENDIX A1
Configuration of 400 kVAR, 3.3 kV, 50 Hz Capacitor Bank
for Al-Salhya WT Plant

To Reg.

From TR1

1P l JDl | From TR2
\ |

01 Q1
il 1

=

200 kVAR 200 kVAR
Capacitor Bank Capacitor Bank
(2 x 100) (2 x 100)




APPENDIX A3
Low Veltage 360 kVAR Capacitor Bank for
Al-Salhya WT Plant

1, from TR3 l
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Controller (Z (I, +1,)

C6: 60 kVAR
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SHOBRA AL-KHEMA WATER STATION
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POWER FACTOR

0.8

0.7

0.6

05

0.4

03

0.2
—e— Power Factor

0.1

0
13:00 15:00 17:00 19:00 21.00 23:00 1:00 3:00 500 7.00 9:00 11.00 13:00 15:00 17:00

Time/Hrs

V'Y



SHOBRAAL-KHEMA WATER STATION
Fig. 3 (c) TRANSFORMER TR1, 1 MVA - 11/0.4 kV
POWER PROFILE
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APPENDIX A3
Low Voltage 360 kVAR Capacitor Bank for
Al-Salhya WT Plant
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Medium Voltage 400 kVAR Capacitor Bank
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WHAT IS THE SCOPE OF ACTIVITIES FOR
PF IMPROVEMENT STUDY ?

» PHASE 1

« Data Collecttion
< Measurements
+» Sizing and Location of Equipment

+» Specifications of equipment and procurement
documents

+ Report

» PHASE 2
< Installation
< Commissioning and Startup
- ¢ Monitoring & Verification.

THANK YOU




CAPACITORS

Fixed Power Factor Correclion

What was left out ?

» The Problem of Harmonics

< What are Harmonics?
+ What is meant by Non-linear Loads?
+ Examples of Harmonic Generators

+ Can capacitors be used in Non-Sinusoidal
Environment?




The Problem of Harmonics

Definition:

Harmonics are integral multiples of
some fundamental frequency that,
when added together, result in a
distorted waveform.

What are Harmonics ?

ur*iamenta

[

R!’Turtmg' avm\\m%‘/—/

Time

YA



What are Harmonics?

AL

sm sin(5x)

f(x) = sin(x) f(x) =

The resulting wave shows a strong departure from the smooth
waves comprising it:

f(x) = sin(x) + S10Ex

Commeon sources of Harmeonies

Lighting ballasts
e — .

UPS systems

AC and DC drives

(|




What kind of Power Quality
Effects?

« Harmeonic Distortion

— AFDs, DC Drives, UPSs, DC power supplies (computers,
duplicators, fax’'s) will cause current (and voltage)
harmeonics

+ Single phase - 3", 6", etc (triplens) can cause transfarmer
neutral canducter averheating

« Three phase - 5%, 7th 11t 13t ete can cause equipment
malfunctions

* Big questions — “How much?” and “How much is toe much?”

AC drives and Harmonics

Typical 6-step converter waveform:

Harmonic Content
s = 22.5%
I, =9.38%
l,, = 6.10%
13 = 4.06%
7 I, = 2.26%
- lio = 1.77%
N s = 1.12%
= tim 1n s RS l,s = 0.86%




Recommended limits - IEEE 519

The Institute of Electrical and Electronics Engineers (IEEE)
has set recommended limits on both current and voltage
distortion in IEEE 519-1992.

Voltage distortion limits (@ low-voltage bus):

Application class THD (voltage)

Special system 3%
General system 5%

Dedicated system 10 %

USEFUL FORMULAS

< Losses Reduction :

Qriginal PF
% L.R. =100-100 (

\2
Improved PF'




Recommended limits - IEEE 519

MAXIMUM HARMONIC CURRENT DISTORTION
in percent of I,

l
Individual harmonic number (odd harmanics)
[N <11 11<h<17 17<h<23 23<h<35 TDD
<20 4.0 2.0 1.5 0.6 5.0
20-50 1.0 3.5 2.5 0] 8.0
50-100 10.0 4.5 4.0 1.5 12.0
100-1000 12.0 5.5 5.0 2.0 15.0
>1000 15.0 7.0 6.0 2.5 20.0
X Maximum short-circuit current at the Point of Common
Coupling (PCC).
Maximum demand load current (fundamental) at
the PCC.

Harmonics and transformers

Many transformers are rated by
“K factor” which simply describes
their ability to withstand harmonics.

Transformers may also be derated
to compensate for the additional
heating caused by harmonics.

Improved transformer designs have
also been developed, with oversized
neutral busses, special cores, and
specially designed coils.




Attenuation of Harmonics

* Passive Filters

Method:

Benefits:

Concerns:

Provide a low-impedance path to ground
for the harmonic frequencies.

May be tuned to a
frequency between two prevalent harmonics
so as to help attenuate both.

Tuning the filters may be a labor-intensive
process.

Filters are difficult to size, because they offer
a path for harmonics from any source.

Quite sensitive to any future system changes.

Attenuation of Harmonics

* Inductive React

Method:

Benefits:

Concerns:

ance

Add a line reactor or isolation transformer
to attenuate harmonics.

Low cost.

Technically simple.

Tends to offer reductions in only higher
order harmonics. Has little effect on the 5th
and 7th harmonics.

Because of the associated voltage drop,
there are limits to the amount of reactance
that may be added.




Attenuation of Harmonics

* Active Filters

Method:

Benefits:

Concerns:

Inject equal and opposite harmonics onto the
power system to cancel those generated by
other equipment.

Have proven very effective in reducing
harmonics well below required levels.

The high performance inverter required for the
harmonic injection is costly.

Power transistors are exposed to conditions
of the line, so reliability may be a problem.

Y¢
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Specific Energy Consumption for Water
Treatment Plants at Cairo Potable Water
Company

Specific Energy

Specific Energy Consumption for Cairo Potable

Water Production
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