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gt Energy Potential of Biogas Production from Animal Manure
$ LQ % in the Lao People's Democratic Republic
g Dethanou Koumphonphakaind Ratchaphon Suntivarakorn*

Abstract— This paper presented a study of biogas productiotengial from animal manure in the Lao People
Democratic Republic (Lao PDR). The data from fourdk of animal such as cow, buffalo, pig and chickeere
surveyed and calculated in order to know the pd@tof biogas production. The feasibility studybidgas production
from pig farm in a case study was also done in ptdeknow the investment cost as the net presdaoeV@dPV), the
internal rate of return (IRR), the payback perid®B]) and the benefit cost ratio (B/C). From a stutlyyas found that
the Lao P.D.R had 31,747,297 of all animals andphtential for biogas production was 807 milliori/year, which
can produce the electricity of 1,163 million kWiafyeThe highest potential for biogas production @meSalavanh,
Savannakhet and Champasak provinces, which hapatestial to produce 162.96, 123.51, and 70.72iomilhT/year
of biogas, respectively. In addition, from the fb#ity study in a case study with 520 pigs, it wasealed that biogas
production from pig manure was a high feasible petj which can produce biogas of 175 3day or 245 kWh/day of
electricity. The project cost is amount 174.70 ionll kip of investment for biogas production systérom the
economic analysis of this study, it was found thatNPV was 144.77 million kip, the IRR was 22.98%,was 4.1
years and the B/C was 1.82. This project is suitdbl investment and it can be a data base fougethe policy to
promote the biogas production in the Lao PDR.

Keywords— Energy potential, biogas, animal manure, feasibily study.

pig farm will be studied to know the economic féulitiy

1. INTRODUCTION of biogas production project in Lao PDR.

. . . Therefore, researchers are interested in study the
The Lao People’s Democratic Republic (Lao P.D.F) ha yential of biogas production from animal manuse t
total population of 6.5 million people in year 20B0d  h4in the information and helpful guidelines farther
the most of population about 80 percent were aljury alternative energy development in Lao PDR
especially rice farmer and rancher. Since the LanRP
opened the country in 1986, it made the Lao P.D.R2 RESEARCH METHOD
economic continuously grows up to now, and cauded o
energy consumption increasing. Although the Lao.R.D
is a country that can produce the power electrifribyn
several large dams and sell the electricity to meig
countriesthere is a lack of domestic electrical energy at
some time. Besides, the Lao government has theypoli 2.1 Data Collection

to increase an electrification rate up 10 90 perd®N  The gata was collected from the Department of
2020 [1], and has the policy to promote the use of)jestock and Fisheries, Ministry of Agriculture can

renewable energy. However, the Lao P.D.R haspqregiry. The obtained information consists of
insufficient information on the production of elgcity _ _ o
from renewable energy sources, particularly the 1) The number of animals and farm in nationwide,

The research method was divided in to four main
components, which are data collection, data amglysi
economic analysis and data summary.

production of biogas from animal manure. there are four kinds of animals consisting of cow,
The objective of this work is to study an energy buffalo, pig and chicken.
potential of biogas production from manure in theoL 2) The farm's location and name's farmer in the

People Democratic Republic (Lao P.D.R). The datdim o provinces.

four kinds of animals, consisting of cow, buffapig and

chicken were collected and investigated. Then, the In addition, the data for case study feasibilitysvedso
biogas production potential will be calculated from collected by interview with the staff working ineth

animal manure. The case study of biogas produdtion Animals Research Centre, the Pig and Poultry Bregdi
Station, Ministry of Agriculture and Forestry in da

PDR.

Dethanou Koumphonphakdi was graduated from Depantrof 2.2 Data Ana]ysis
Mechanical Engineering, Faculty of Engineering, Khd<aen . o .
University,  Thailand. Tel: ~ +66  865265030; E-mail: The data analysis was divided in two parts as¥allo

dethanou@yahoo.cgm

Ratchaphon Suntivarakorn (corresponding authotthés Head of 1) |n_ order to k_nOW the ‘energy potential of biogas
Department of Mechanical Engineering, Faculty ogiEieering, Khon production. Four kind of animals manure such as,cow
Kaen University. Tel: + 66 819891983; Fax: +66 37@40; E-mail: buffalo, pig and chicken were collected. The gaﬂmof

ratchaphon@kku.ac.th
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each manure has the ratio of 50%, 50%, 80% and 90%investment.

respectively [2].

2)From the case study, the amount of pig was
analyzed to find the feasibility of the biogas puotion
project. Four financial analyses were used to sty
project feasibility, there were the net presentugal
(NPV), the internal rate of return (IRR), the pagka
period (PB) and the benefit cost ratio (B/C).

2.3 Economic Analysis

The economic analysis of this project was consitlere
by the four economic parameters as follow [3].

1) Net Present Value: NPV

The NPV is the difference between the net presaluev
of income and expenses over the life of the projdBEtv/

is an indicator of net benefit of the project a® th
equation below:;

2.4 Data Summary

To obtain the information in order to use and sethe

policy for alternative energy promotion in Lao PCiRe
energy production potential was divided by provice
and types of animal. The data from feasibility stuechs
also summarized in this part.

3. THE ENERGY POTENTIAL OF BIOGAS
PRODUCTION

From the data collection of animal farms, the Lab.R
has 17 provinces that having animal farms. The rarmb
of animal from four kinds of animals: cow, buffaloig
and chicken were shown in Table 1.

Table 1. The amount of animals in Lao PDR [4{1,000 unit)

NPV = PVB- PVC (1) Provinces Cow Buffalp Pig | Chicken Total
where the PVB is the present value of benefit avi@ i Phongsaly 23 37 170 554 785
the present value of cost. If the NPV is more ti@an
(zero), the benefit of project is more than thejgrd || guang namtha| 20 17 88 458 584
cost. The project is high feasible for investment.

2) Internal Rate of Return : IRR Oudomxay 49 44 140 1476 1,703
The IRR is the return from the investment. IRR isie Bokeo 54 24 62 402 542
that makes the present value of revenue equal o t
|tr)1;|al investment of the project. IRR can be céited Louang phabang 79 63 179 1.869 2,190
i R Huaphan 72 44 244 332 69p
(2)
Sk Xayabuly 117| 48 | 133 2,205 2,504
Vientiane capital 118 | 18 137 1,319 1,593
where the Rt is Bt - Ct, Bt and Ct are the beraafd cost
in the time during the project, k is the return the Xieng khouang | 167, 51 66 604 889
project (IRR) and | is the initial cost . If the RRs more
than the discount rate, it can be acceptable fer th|Viengchanh 167, 71 103 1,541 1,884
project. The project will be rejectable when theRIi® :
less than or equal to the discount rate. Boli khamxay 58 45 66 727 897
3) Payback Period: PB Khammoun 94 62 75 507 739
The payback period is the (_juration (number of years Savannakhet 308 200 281 2,882 3.852
when the return is equal to investment. The PB lman
calculated by Salavanh 149 133 794 5329 6,405
PB = Initial Cost / Net Revenue 3) Sekong o5 28 | 120 611 2ok
If the project can be returned by short time, it is
acceptab|e for the project_ Champasak 140 133 180 4,736 5,189
4) Benefit Cost ratio: B/C Attapeu 18 42 31 113 508
The B/C is a comparison between the present vélue ¢ 587 3174
the return and the current cost of the investment a | Total 1,748 1,150 | "o | 25,965 5
expenses. B/C can be calculated by:

B/C = (

(4)

Fromthe Table 1,

it was found that the Lao PDR has
the total number of 31.75 million animals. The most

(1 ) (1+ ) _ . . m !
_ animal portion was chicken, 25.97 million animals o
If the B/C is more than 1, that means the return of81.7% of the total numbers. The next lower portions
project will be worth. However, if the value is $ehan  were pig, cow and buffalo respectively.

1, that means the returns from the project is ratiwfor Moreover, from the calculation of the energy patnt
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for biogas production from animal manure, the abiif
manure gathering was considered. The percertfitee
manure gathering from the total manure of cow, ddaff
pig and chicken were 50%, 50%, 80% and 90%,
respectively [3]. The energy potential of biogas
production from animal manure was shown in Table 2.

60%
52%

50%

40%

Table 2. The energy potential of biogas production 30%
List Cow |Buffalo| Pig | Chicken Total o0y | 13% 19%

Amount of 11%
animal 1.75| 1.12| 2.88 25.97 | 31.75 10%
(million)

. 0%
Weight of Cow Buffalo Pig Chicken
manure 5.44 8 1.47 0.03
(kg/animal) . . .
Weight of Fig. 1. The percentage of volume of biogasoduction.
manure (million-| 9.5 9.2 | 42| 0.76| 236
kg/day)

Furthermore, consider the energy potential of tBoga
production segmented by provinces, it was found ttha
potential area was divided in to 3 groups as shawn
Figure 2.

Percentage can
be gathered (%)

Weight of anima
manure
production.
(million-kg/day)

50 50 80 90

4.7 46 | 3.3 0.7 | 13.3

Volume of
biogas can be
produced
(liter/kg)

Volume of
biogas

production. 428 | 415 | 1,149 217 |[2,210
(' million-
liter/day)

90 90 | 340, 310

Volume of
biogas
production.
(million-m®year)

156 | 152 | 419 79 807

Fig. 2. Map of energy potential of Lao P.D.R.

From Table 2, it was found that the total of energy
from biogas production in the Lao P.D.R was 807 From Figure 2, three groups were the high potential
million m*year. This was assumed to be able to produceprovinces (Green), the middle potential provinces
electricity about 1,163 million kWh (1 hof biogas is  (Yellow), and low potential provinces (Blue),
equivalentto 1.4 kwh). [3] In other case, 1°wf biogas  respectively. The high potential group has an gner
is equivalentto more than 1.4 kWh, which depends on potential more than 70 million year of biogas
the efficiency of the generator. production. The provinces in this group were

The potential of biogas production which was pig’s Savannakhet, Salavanh and Champasak provinces. The
manure has the highest 419 milliorf/year or 52% of  middle potential group has an energy potentialiofas
the total energy potential. The next highest pidémtas  production between 37 to 70 million*year. The low
the manure of cow, buffalo and chicken which had apotential group has an energy potential less than 3
portion of 19%, 19%, and 11%, respectively. The million m%year of biogas production. The average
percentage of volume of biogas was shown in Figure biogas product for each level was shown in Table 3.
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Table 3. The average of energy potential in Lao P.D.R

Table 4. The biogas production potential in the farm

Amount . List M{;\Ie Sow | Piglet Total
; (-)f Bloga_s Average P9
Rank | Provinces a?l'ga' Fmg/';gg%” (myean  |Amountofpig | 20 | 100| 400 317
unit) Weight of
manure 1.83 | 1.40 1.17
ngh Savannakh 3,852 123.51 (kg/anlmallday)
potential S22vanh | 6:405 16296 119.06 Weight of 36.60| 140.00| 468.00 644.60
Champasak 5,189 70.72 manure (kg/day) ' ' ' '
Huaphan 692 48.85 Perr(]:entggoe can be 80 80 80
Louang 692 | 47.8 gathered (¢)
phabang ' Weight of animal
Middle |Xayabuly | 2,504 | 44.20 magure. 29.28| 112 | 374.4| 515.68
potentialyo 44.03 production.
lentiane | 4 593 | 42.02 (kg/day)
capital ;
- Volume of biogag
Xieng 889 37.00 can be produced| 340 | 340 | 340
khouang (liter/kg)
Phongsaly 785 33.51 Volume of biogas
Louang production. 9,955| 38,080, 127,29 175,33
namtha 584 18.36 (liter/day)
Oudomxay| 1,703 34.17
Low Bokeo 542 18.28 4.2 Economic Analysis of the Project
potential V|e.ngchanh 1,884 33.19 25.47 The economic analysis was done and based on the
Boli 897 23.07 following conditions;
khamxay ' . . L
i) Project period is 15 years.
Khammoun 739 29.07 L i
Sekong = 26.70 i) Discount rate is 10%.
Attapeu 505 12 '95 iii) Operation days are 365 days.

4. CASE STUDY

A feasibility of biogas production project was stdiby
using economic analysis. The pig farm with 520 pigs
were selected to use in this study. The basic dfthe

case study were shown below

iv) Technology of Biogas is MC-UASB (Medium
Farm Channel Up flow Anaerobic Sludge
Blanket) is used [5].

v) The size of biogas system is selected to be 200
3
m”,

The project cost for construction of biogas systeas
shown in Table 5, and the operating cost and retom

1) The farm has the average of electrical consumptionpjogas system were shown in Table 6 and Table 7,

of 3,453 kWh/month or 2,689,822 kip/month (1 kWh respectively.

equivalent to 799 kip)

2)The pig are 520 pigs, which consists of male pig,
sow and piglet with the number of 20, 100 and 400,
respectively.

4.1 Estimation of Potential Biogasin the Farm

The biogas production potential was calculated and
shown in Table 4.

From table 4, it was found that there was 644.60
kg/day and the biogas potential can be produced
175.33n/day. This can be able to produce electricity
about 245kWh/day.

38

Table 5. The project cost of building biogas systems

Investment cost Amount (kip)
1. Biogas production systen 56,348,750
2. Power house 10,355,000
3. Power generator (15 kW) 53,000,000
4. Consultant 53,000,000
5. Transportation 2,000,000
Total 174,703,750
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Table 6. The operation and management cost of biogas From the calculation, it was found that the IRRod
production system (O&M). project was 22.96%.
O&M cost Amountlyear (kip) eng?io%?z;kfoﬁgu?d (PB) can be calculated from
1. Labour 7,512,000
Maintenance of generato 17,490,000 PB = Initial Cost / Net Revenue
Electricity price 3,600,000 PB = 174,703,750 / 42,003,172
Total 28,602,000 PB =4.16 years
The result has shown that the PB of the project was
Table 7. The returns from biogas system 4.16 years.
Volume of biogas production. 175.33 The benefit cost ratio (B/C) can be calculated with
(m3/day) comparison the present value of benefit (PVB) and
1P of biogas equivalent to 1.4 KWh 14 investment cost from equation (4) as follow:
Energy power (kWh/day) 245 B/C = 319,479,483 _ 182
Electricity price (kip/kwh) 779 174,703,750
Total of Amount/year (kip) 70,605,168 The result has shown that the B/C of the projec wa

1.82.

From table 5 to table 7, the total project cost for All results of financial analysis can be shown iable
investment of biogas production system was 1747818, 8.

kip (Lao currency), the operation and managemest co
was 28,602,000 kip/year, and the returns from ldoga Table 8. The result of economic analysis of the farm
system was 70,605,168 kip/year. Thus the net revefhu

this project was calculated as below:; NPV IRR PB B/C
(kip) (%) (year) (kip)
Net Revenue = Revenue - Payment (O&M) 144,775,723 2296 4.16 1.82
=70,605,168 - 28,602,000
Net Revenue = 42,003,173 kip/year. 4. CONCLUSION

4.3 Economic Calculation

From the study, the results revealed that the L&oRP
The net present value (NPV) can be calculated fromp,s 5 potential of biogas production from animahure
investment cost and the present value of bene¥iBIP 4t 807 million nf/year or 1,163 million kWh. The result
The PVB means the conversion of all revenue of thegg, give important data of biogas production paaéio
project to the revenue in the present as the fatigwuhe Lao P.D.R for encouraging and developing the

equation; alternative energy within the country.
PVB = FV / (1+1)' (5) Moreover, from the financial analysis of the case
study, it was found that the net present value (NBV
= 42003172 442003172 discount rate (10%) was 144,775,723. It has pfadin
L+ 0.1)* L+ 0% the investment. The internal rate of return of pheject

(IRR) was 22.96%, which was more than the discount

PVB= 319,479,473 kip rate. The payback period was 4.1 years and thefibene

From equation (1), NPV can be calculated by cost ratio (BCR) was 1.82. The project of biogas
B production was acceptable and feasible to promote i
NPV = PVB- PVC Lao PDR.
NPV = 319,479,473 - 174,703,750
ACKNOWLEDGMENT

NPV = 144,775,723 ki .
P The authors acknowledge the grant from Thailand

From the calculation, it was found that the NPM®  |nternational Development Cooperation Agency (TICA)
project during 15 years was 144,775,723 kip. The authors are also grateful to acknowledge Farm

The internal rate of return (IRR) can be calculated Engineering and Automation Technology Research
from investment cost (I) and revenue of projectifl@n  Group, Khon Kaen University for supporting a toada

equation (2) as follows: the equipment using in this research.
42003172 , 4 42003172 - 174703750 REFERENCES
@+k)! @+k)e

[1] Ministry of Energy and Mines. 2011. The Energy

Development Strategy of the Lao PDR.
k =0.2296 or IRR = 22.96 %

39



(2]

(3]

(4]

(5]

40

D. Koumphonphakdand R. Suntivarakorn / GMSARN International Jout®42014) 35 - 40

Kamonwan Channee. 2010. A study of biogas
production from animal farm Faculty of agriculture
Khon Kaen University. Khon Kaen University.
Pattamavadee  Sittivoradet and Ratchaphon
Suntivarakorn. 2013. An appropriate approach for
biogas production and utilization from waste food
and animal manure in Khon Kaen University. KKU
Engineering Journal. January-March 2013, 40(1):35-
46

Ministry of Agriculture and Forestry. Department of
Livestock and Fisheries. 2012. Statistics of animal
and farming in Lao PDR.

Biogas production systems and wastewater
treatment swine model MC-UASB # 1, Biogas
Technology, Chiang Mai University. Retrieved
August 7, 2013 from World Wide Web:
http://teenet.cmu.ac.th/btc/ documents/MC-
UASBL1.pdf.



W. Pobporn, O. Noohawm, and D. Rerkpreedapong / GMSARN International Journal 8 (2014) 41 - 46

e, Reliability Centered Maintenance (RCM)
g % Implementation on PEA Power Distribution Systems: A
3 5 ¥ Case Study of Bang-Pa-In Branch Office
}%% Watchara PobpornOnurai Noohawm, and Dulpichet Rerkpreedapong
249

Abstract— This paper describes a Reliability Centered Maintenance (RCM) implementation on PEA power distribution
systems. In order to achieve a cost-effective maintenance program, RCM is to prioritize the failure modes according to
their effects, and then to select the effective maintenance activities for those failure modes. Preventive maintenance
(PM) activities are mainly focused on the RCM program driven by the marginal benefit-to-cost ratio (B/C) between
outage costs and maintenance costs. For a case study, Bang Pa In branch office located in Phra Nakhorn S Ayutthaya
Province, one of local power distribution utilities of Provincial Electricity Authority Central Area 1 (PEA C1) is
selected for RCM implementation.

Keywords— Power distribution reliability, maintenance planning, cost-effective maintenance, failure modes.

step procedure. The PM program resulted from the
1. INTRODUCTION proposed RCM guarantees the cost effectiveness, and
reduces the amount of corrective maintenance (GM) a

All industrial units require a reliable productipnocess outage costs of both PEA and their customers.

for sustainable survival in growing competition in
today’s economy. It is apparent that the contingfy 2. OVERVIEW OF RCM
power supply is essential to the function of indast
processes.

Therefore, power distribution systems operated by
electric utilities must provide even more reliable
electrical power to serve such requirement. This ha
become the primary objective of electric utilitiés
maintain their power distribution infrastructure @ak
reliability levels.

Reliability Centered Maintenance (RCM) is a method
of maintenance optimization widely used in global

Reliability centered maintenance is a qualitativethod

for determining applicable and effective preventive
maintenance tasks to preserve the primary funabibn
selected components or systems. RCM has been widely
used in a number of industries since it increasest c
effectiveness of maintenance programs, and provides
better understanding of criticality of failure madthat
interrupt the system from functioning. The gené&téM
process [1]-[4] is summarized in the following step

industries. In this paper, RCM is modified to a jgien 1. List the critical components and define their
version well suited for applications to PEA power functions
distribution networks. The main concept of the rfiedi 2. Identify the dominant failure modes for each

RCM is to prioritize the failure modes accordingtheir
effects, and then to select the effective mainteean
activities for those failure modes. Preventive
maintenance (PM) activities are mainly focused loa t
RCM program taking into account the marginal benefi 3. Determine preventive maintenance tasks for those
to-cost ratio (B/C) between outage costs (OC) andcritical failure modes.

maintenance costs.

In this paper, the modified RCM is applied to power
distribution systems of a PEA local utility, Bang Ih 5. Evaluate the worth of RCM Program including
branch office in Phra Nakhorn Si Ayutthaya Provimte cost analysis.

Central Area 1 of Provincial Electricity Authoritgf
Thailand (PEA C1). The method is illustrated inpsby 3. Modified RCM and Case Study

The RCM procedure is modified to a simple versiail w
W. Pobporn (corresponding author) is with the Depent of suited for applications with PEA power distribution

Electrical Engineering, Faculty of Engineering, &mart University ~ Networks. It is presented in four steps as follows.

and with Engineering & Maintenance Division, Prasial Electricity . . . .
Authority (PEA), Area 1 (Central), Asia Rd., HantRhra Nakhorn Si Step 1: Feeder Selection and Information Collection
Ayutthaya 13000, Thailand. Phone: +66-35-241-142 8¥413; Fax:
+66-35-323-867; E-mailvatcharapob@hotmail.cam
watchara.pob@pea.co.th

O. Noohawm and D. Rerkpreedapong are with the Deyeat of

chosen component, and then prioritize the failucden
criticality determined from their failure historynd
conseguences.

4. Formulate an RCM program.

Step 2: Definition of Feeder Boundary and Function

Step 3: Failure Modes and Effects Analysis

Electrical Engineering, Faculty of Engineering, B@art University, Step 4: Preventive Maintenance Task Selection
50 Ngamwongwan Rd., Ladyao, Chatuchak, Bangkok, 0009
Thailand.Phone: 66-2-797-9999 ext.1543;mail: The above steps are illustrated through an apjgitat

dulpichet.r@ku.ac.th
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to a case study, which is Bang Pa In branch officis
one of twenty branch offices in PEA C1, supplying
electricity to 35,155 customers. The Bang Pa Imdha
office is responsible for 8 substations with 44fcwi-
km of 22-kV power distribution system. In the case
study, the proposed RCM method is applied to 3catit
substations including 26 feeders that supply atedtr
power to large industrial and commercial customers.

Step 1: Feeder Selection and Information Collection.

The first step of RCM is the selection of power
distribution feeders. To do this task, PEA maintema

data must be collected such as technical documents,

interruption records, historical maintenance tadksa
and maintenance expenses. The interruption redaras

ICPE,,, Customer interruption cost per event
(Baht/event) [9].

Average corrective maintenance cost per
event (Baht/event).

LossLoad Average revenue losses due
interruptions per event (Baht/event)

Interruption cause k.

CM
to

k

Then, the benefits resulted from mitigating an
interruption cause by associated PM is determineuoh f
(5).

Bik =M X Foq (5)

where

year 2010 to September 2013 are shown in Table 1.

Those interruptions were caused by unknovawses,
equipment failures such as fuses, insulators aitde ca
spacers, animals, and lightning strikes.

Table 1. Number of Interruptions by Failure Causes

Substation
Failure causes BKS BNL BNM
Equipment failures 10 4 3
Unknown 26 22 6
Birds 1 1 0
Snakes 0
Lightning strikes

In this step, the interruption records are congiddp
select a few significant distribution feeders foCMR
implementation. They are selected from the outaug c
ranking of all feeders of Bang Pa In branch offieach
feeder outage cost is a sum of PEA and customageut
costs as described in equations (1) to (4). Assalte
feeders BKS06, BNLO1, BNLO3 afBKS04 are selected
because their outage costs as given in Table 2igher
than the others as shown in Fig. 1. Then, the sitigé

diagrams of those feeders are prepared, intermptio
statistic of selected feeder in the next step.
FOC =) FOG, =) (0G"™ +0C™*) (1)
k k
OCIPEA = |CA g, XA (2)
OGS = ICPEgyq X1 3

ICA .z, = CM + LossLoad 4)
where

FOC' Total outage cost of feeder i (Baht)
OC,;P** PEA outage cost of feeder i (Baht)

OC,“** Customer outage cost of feeder i (Baht)

X Failure rate of feeder i (events/yr)
ICA .., Average PEA interruption cost per event
(Baht/event)
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Benefits from mitigating interruption cause k
by associated PM of feeder i (Baht).

FOC, Feeder outage cost due to interruption cause k
of feeder i (Baht).
Effectiveness ratio
interruption causes k.

B,

N, of PM mitigating

Table 2. FOC of Selected Feeders

Feeder Total FOC(Baht)
BKS06 66,094,209.66
BNLO1 52,875,367.72
BNLO3 46,265,946.76
BKS04 39,656,525.79
Baht FOC total
st 60
Wll\lmln

Fig.1. FOC in all feeders.

Step 2: Definition of Feeder Boundary and Function.

In this step, the boundary of all selected feederirst
defined to frame the scope of analysis. It willoalelp

the RCM team members to focus on the targeted .areas
In this work, single-line diagrams of the feedergether
with geographic maps of service areas of Bang Pa In
branch office are used to define the boundarieshasn

in Fig. 2 to 4. For each feeder, the boundary cowadir
medium-voltage equipment. Then, the primary functio
of each feeder that RCM wishes to preserve is €elig
electrical power from the substation to all digttibn
transformers continuously.
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Fig.2. Geographic maps of service areas of Bang Pa
branch office.

Fig.4.Single line diagram of BKSsubstations

Step 3: Failure modes and Effects Analysis.

After the primary function of the systems has b
specified in the previous step, all dominant faglurodes
which interrupt the function muste determined. In thi
paper, the failure mode is dedidh as the dominant caus
that interrupt power delivery. Thus, failure modes and
their effects in terms of FO@re given in Table

Table 2. Feeder failure modes and effects analy

Feeder Failure mode FOC(Baht)
BKS06 | Unknown 66,094,210
Unknown 39,656,526
BNLO1 - -
Equipment Failur 13,218,842
Unknown 33,047,105
BNLO3 - -
Equipment Failur 13,218,842
Unknown 19,828,263
BKS04 | Snake 13,218,842
Bird 6,609,421

Step 4: Preventive Maintenance Task Selection

The objective of this step is to select the optimal
tasks that achieve thédighest reliability worth as
presented in terms of a reduction of FOC. In otherds,
the methodology is designed to find the most -
effective maintenance tasks. Here, the ccs all
expenses of maintenance tasks including hardwasts,
labor costs, etc. PM tasks selected for this caisdy:
including replacement of bareonductors with spaced
aerial cables (SAC), cable spacer maintenance,
guards or snake guards instaon and tree trimming are
shown in Table 3.The marginal bene-to-cost ratio
(B/C) between outage cs and maintenance costs is
considered to achieveffective PM tas selection in
equation (5).The costs of maintenance activities
presented in Table 4.

Table 3. Failure modes and associated P tasks

PM tasks

Replacement of barconductor
with SAC

Cable pacer maintenance

Failure modes

Unknown

Bird guard installatio

Snake wuard installation

Tree trimming

Replacement of bareonductor
with SAC

Bird guard installatio

Equipment
Failures

Snake ward installation

Cable pacer maintenance

Snake wuard installation
Snake

Replacement of bareonductor
with SAC

Bird guard installatio

Bird
Replacement of barconductor
with SAC
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Table 4. Average costs of maintenance activities

Maintenance Task Average Unit
Costs

Tree trimming 1,083 Baht/km

Snake Guard installation 11®Baht/set

Bird Guard installation 1,00pBaht/set

Replacement of bare

conductor with SAC 1,000,000 Baht/cct-km

Cable spacer maintenance 61, 7@aht/km

For example, all PM tasks ranked by marginal bé&nefi
to-cost ratio for BNLO1 are shown in Table 5.

Table 5. Ranking of PM tasks for BNLO1

Failure modes PM tasks B/C
Unknown Tree trimming 183.16
Unknown Snake Guard 72.10
Installation
Unknown Bird Guard 38.33
Installation
Equipment Snake Guard 33.65
Failures Installation
Equipment Bird Guard 17.89
Failures Installation
Unknown Cable Spacer 3.21
maintenance
Equipment Cable Spacer 1.50
Failures maintenance
Unknown Replacement of 0.20
bare conductor
with SAC
Equipment Replacement of 0.09
Failures bare conductor
with SAC

For feeder BNLO1, the optimal PM tasks which attain
the highest marginal B/C ratio are tree trimmingdb
guards and snake guards installation and cableespac
maintenance. The marginal benefit-to-cost ratioC{B/
between outage costs and maintenance costs
considered for the effective PM task selection ¢alts
above red line) for all feeders as shown in Fitp B.

5.00

4.50
. 4.00
2 3.50
£3.00

2250
2300 .
1.50

1.00
0.50 I

1.00 2.00 3.00 4.00
Maintenance Cost (MB)

Fig.5. The Maintenance Cost and FOC 8NL01
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Fig.6. The Maintenance Cost and FOC of BKS06
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Fig.7. The Maintenance cost and FOC of RN3
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FOC(MB)

1.50 \
1.00 —=-
00 \

1.00 2.00 3.00 4.00 5.00

Maintenance Cost(MB)

Fig.8. The Maintenance Cost and FOC of BK&

The total cost of selected PM tasks versus a ramuct
of feeder outage costs are shown in Table 6. feh ea
feeder.

isTabIe 6. Total cost of PM tasks versus a reduction ¢fOC

Selected Feeder Maintenange FOC reduction
Cost (Baht) (Baht)

BKS06 175,774.94  2,488,446.99

BNLO1 246,053.28 2,714,092.63

BNLO3 3,166,873.10 32,690,592.66

BKS04 270,645.44  1,834,114.32

Total 3,859,346.76 39,727,247

4. CONCLUSION

In this paper, Reliability Centered Maintenance KRC
is implemented on PEA power distribution systenms. |
order to achieve a cost-effective maintenance pirogr
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RCM is to prioritize the failure modes accordingtheir
effects, and then to select the effective mainteaan
activities for those failure modes. Preventive
maintenance (PM) activities are mainly focused lom t
RCM program driven by the marginal benefit-to-cost
ratio (B/C) between outage costs and maintenansts.co
The PM program resulted from the proposed RCM
guarantees the cost effectiveness, and reduces the
amount of corrective maintenance (CM) and outagsco

of both PEA and their customers.
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gt e, On-line Monitoring for Bushing of Power Transformer
&
}%% Thanapong SuwnansriAgkapon Pongmanee, and Cattareeya Suwanasri
249

Abstract— This paper presents the on-line monitoring systenbfishing of large power transformer. The system i
aimed to detect the degradation of bushing and ides/the alarm before bushing failure. Generallg thigh voltage
bushing is produced as a condenser type bushingsisting of several paper insulation layers sepagatvith
conductive foils for each layers. Thus the degrimabf internal insulation will affect the value o&pacitance and
power factor of insulation. These two parametens ba monitored on-line by installing the sensingicke at the test
tap of bushing. Then the changing of insulationacdiance will lead to the change of leakage curresiue through
bushing insulation. In case of perfect bushing,lé@kage current of each bushing should be equdlthe summation
of all three phase leakage current should be z#rone bushing has problem with internal insulatidhe leakage
current will be higher. This makes the summationwfent to be greater than zero. This knowledgesisd to develop
the detection and decision making algorithms inrauontroller and the hardware will be developeditgplement as
on-line monitoring system for bushing of large powansformer in transmission system.

Keywords— Bushing, leakage current, on-line monitoring, powr transformer.

changing of insulation capacitance will lead to the
1. INTRODUCTION change of leakage current value through bushing
insulation. In case of perfect bushing, the lealageent
of each bushing should be equal and the summafion o
all three phase leakage current should be zeronéf
bushing has problem with internal insulation, thakiage
current will be higher. This makes the summation of
current to be greater than zero. This knowledgesésl to
of develop the detection and decision making algorsttim
microcontroller and the hardware will be develofed
implement as on-line monitoring system for bushaig
large power transformer in transmission system.

Power transformer is one of the key equipment in
transmission network. The failure of power transfer
is catastrophic that leads to wide area power suppl
interruption. From the international survey anduie
statistics recorded from Thailand transmission esyst
bushing failure is approximately 20 percent
transformer’s failures. The main cause of failusethe
aging of seal and gasket due to environmental hedt
temperature variation. Moreover, the human errasmgu
maintenance can cause the loosen test tap, threhigh
the moisture can pass to the inside insulationushing. 2 CONDENSER BUSHING
Thus, the ingress moisture is the main reason sfiing '
failure. Construction

Therefore, this paper presents the on-line momigpri
system for bushing of large power transformer. The
system Is aimed to detect the d_egradgtlon of bystu layers separated with conductive foils for eacletayas
provides the alarm before bushing failure. Gengridé shown in Fig. 1
high voltage bushing is made as a condenser type T
bushing, consisting of several paper insulationelay
separated with conductive foils for each layersusTthe
degradation of internal insulation will affect thelue of
capacitance and power factor of insulation. These t
parameters can be monitored on-line by installing t
sensing device at the test tap of bushing. Then the

Generally, the bushing of power transformer is masle
condenser type, consisting of several paper irisalat

Conductor

Aluminum foil

Claver/foil

Mounting flange
Voltage tap std
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The function of conductive aluminum foil in each comparison of watt losses between different
layer is to obtain the equal voltage distributioneiach ~ manufactures, sizes, etc. is difficult. Therefotae
layer. The space between internal surface of paircel industry uses the power factor to quantify the dibonl
insulation and condenser set is filled with theulason of the bushing insulation system. As loss increasesto
oil. Therefore, this condenser type bushing isechths any the above causes, the power factor will be also
oil impregnated paper or OIP bushing. The highagdt increased. The tap is usually connected to ther ondest
bushing consists of main capacitancg @nd tap foil and in some cases to the second to last Téie G
capacitance £as shown in Fig. 2. capacitance is the capacitance from the tap tongkou
Typically, the tap is grounded; therefore, the, C
capacitance is not in the circuit during normal ragien.
Table 1 shows the capacitance qfi€bushing of power
transformer (Oil-impregnate, paper-insulated tyraed

500 pF, 30.74 V.
Test'Capacitance’

' 4 Potential Voltage Table 1. Capacitance of ¢in Bushing of Power
: / Transformer Rated 500 pF, 30.74 V

- Case Ci(pF)| AC, Viesttap(V) | AVtest tap| DECISION

L o 500-| ., 30.74 - o

LG I 505 1%<AC1 31.05 1%<AC | Normal

s I 506 - | 1%<AC1l| 31.06- | 1%<AC

515 | <3% | 31.66 | <3% |~aming

516 - | 3%<AC1l| 31.67 - | 3%<AC | Alarm

Under normal condition, ds connected to ground via 525 =5% 32.28 =5% (Low)
voltage tap cover between tap stud and mountinggéa Alarm
while G, is connected to ground without any voltage IV 526 up AC1>5%)  >32.28 | AC>5% (High)
stress. The degradation of internal insulation waifect
the value of capacitance ;Cand power factor of
insulation. These two parameters can be monitored o Power Factor

line by installing the sensing device at the tegt 6f  power Factor (PF) is the phase angle relationship
bushing. G and G will perform as voltage divider and petween the applied voltages across a capacitdinze.

the voltage drop across,@an be used with potential total current through the capacitance is giveniin 8.
device. Then, the changing of insulation capacianit

lead to the change of leakage current value through

bushing insulation. In case of perfect bushing, the 0%PF I B
leakage current of each bushing should be equathend A
summation of all three phase leakage current shoeld
zero. If one bushing has problem with internal iagan, A4

the leakage current will be higher. This makes the l’c l’r
summation of current to be greater than zero. The
summation of three phase leakage current will be o
compared with the commissioning value or obserted t
increasing trend in order to set the alarm levedisT
knowledge is used to develop the detection andsibeci
making algorithms in microcontroller and the hardsva Fig.3. Power Factor Calculating Circuit

will be developed to implement as on-line monitgrin

system for bushing of large power transformer in  For example, power factor can be calculated as
transmission system. follows. Power is equal to Voltage (E) x Curreh} &
Dielectric L oses Cosine @). Then it is similar to that Watts = E Ix or

) ) ) ) Watts = E xI; x Cosine @). Then power factor is
Dielectric losses are measured in units of watedos ca|culated as in Eq. (1):

whereby heat is generated due to these lossesxd ass

Fig.2. Main Capacitance of Condenser Type Bushing.

- 100% PF
Iy E

created by the following causes. PF = Cogd) = Watts_ Ex] _ | (1)
* Natural resistance of the material ExIl, ExL |
* Type of the material The variation of power factor should not vary ofit o
* Polar molecules such as moisture the limitation zone (+0.02/-0.04). New bushing citiod
« lonization of gases (partial discharge) according to IEEE Std C57.19.01-2000) is given ig. F

Losses will vary by the amount of dielectric madéri
Since bushing are not the same size and compasition
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+
>PF 0.01

Fig.4. Change in Phase Angle.

3. BASIC THEORY
Bushing On-line Monitoring

Fig.5. Installed Bushing Sensor.

In past decades, the off-line monitoring method wused Phase A
to determine the quality of the bushing insulatidhe — Phase B
bushing tests were performed and compared the ) Phase C
measured power factor and capacitance to nameplate
values or previous tests. Presently, the on-line 4 4 ——r
monitoring method is introduced in order to observe ] ] LCD
performance of the bushing in real time. Some e L “laled
parameters for both methods are listed as showialihe T ™ |G ‘tz I(d)
2' —tan
- | = t
Table 2. Basic Testing Parameter Comparison Model N ]
) 3¢ Curreqt Ll Microcontroller
Off-line On-line i e I
Parameters . .
Testing Testing AD >
Vecto_r
Applied Voltage X 39 zero |y analysis
Y Getector [ | ™™ [
Leakage Current X X it | 7]

Phase Angle between

Voltage and Leakage X Fig.6. Current Detection from Voltage Tap Circuit.
Current
Frequency X X The change in the sum of currents can be

approximately represented by Eqg. (2) under the
assumption of a single defective phase:

Current Summing
Al
I 0

2
By far, the most common method to monitor bushiisgs =8 \/(A tan &)2 + ([A%oj @)
the sum of current method. Fig. 5 shows the irestall L

bushing sensor that use for measure thg; ¥, The where:

concept of measurement has shown in Fig. 6 a block
diagram of a bushing monitoring system that uses th
sum of currents method. During commissioning the A tand - Tangent Delta Change,

indicator is balanced to zero. The purpose of the AC,/C, - Relative Changein Bushing Capacitance,
balancing circuit is to take into account the digfeces in
system voltages and phase fluctuations and bushing
characteristics. As a defect develops the complex
conductivity of the bushing insulation changes amel
current and its phase angle in one of the phasss al Ideally, the sum of the three bushing currents khou
changes. Therefore, the indicator will no longerzeeo.  be zero. In reality, not all parameters are equahfeach
The amplitude of the change reflects the severitpo  phase. Therefore during commissioning of the system

problem. Three phase angle indicates in which piase the monitor is placed in a balancing mode, and the
experiencing the change. monitor self-adjusts so the sum of the currentsjisal or

close to zero.

z | - ParameterSum of Currents

C, - Initial Capacitance Reading,
I, - Initial Sum of Current Value.
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Fig.7. Current Summing Difference Mode.

Figures 7(a), 7(b), and 7(c) explain the method in

vector format. Figure 7(a) shows all three currdrasm
the bushing test taps perfectly balanced and the su
equal to zero. If there is a change in tangentadalthe
phase-A bushing, an additional active current wiks

through the phase-A bushing insulation and the new
currentl',, thus throws the system out of balance. The

consequent imbalance vector is equal to the tardgita
change and directed along the phase-A voltage véatto
Fig. 7(b). A change in capacitance is shown in F{g).
This additional current is perpendicular to the ggha

voltage. The consequent imbalance is now positioned

along the vectol’s.

Voltage Magnitude Trend

The magnitude of the change is an indicator of the

problem’s severity, and the vector change indicttias

bushing is going bad as shown in Fig. 8 whether the

power factor or capacitance is changing. The caad
plot shown in Fig. 9 show a recent example of ehimgs
that is going bad.

; /'Ic
vy

Fig.8. Change in Amplitude
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Fig.9. Investigation on Voltage Magnitude Trend
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Fig.10. Sensor Circuit
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Fig.11. Zero Crossing Detector Circuit
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Fig.12. Microcontroller Circuit.

When performing on-line monitoring, the key
diagnostic factor is the sum of currents and thasph
angle of the sum. Only estimates of the power faaiml
capacitance can be made since all the data reqtored
calculate the absolute power factor and capacitancet
available, as it is for off line tests. For thisasen, on-
line bushing monitoring provides relative calcwdatiof
power factor and capacitance. When the system gates
of balance, estimates are made on the change ofrpow
factor and/or capacitance. Fig. 10 shows the sensor
circuit that use to detect the voltage at test Td® Vg
wp IS @ key of capacitance measurement. Similarly, the
phase angle can be detected via the zero crossing
detection technique as shown in Fig. 11. Thesecgade
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then added/subtracted to baseline values (namepiate
recent test values) entered into the system. Tlogove
analysis will be calculated by microcontroller dwn
in Fig. 12. The microcontroller will get data froboth
sensor circuit and zero crossing detector circuitl a

(Low)” condition because the delta capacitancenis i
length of 3%AC,<5%. So the operator should be follow
system shutdown procedure and change the new busing
into system.

Case IV: The capacitance of €hanged from 500 pF

indicate on LCD for help local maintenance know the to 528 pF mean that the delta capacitance increases

status of bushing.

If a user has a three phase off-line test sethalldata
required is available. For on-line monitoring the
following conditions apply:

e The line voltage at the bushing terminals is asslime

to be constant on all three phases.

5.60%. Then it can be concluded that the bushingiwa
“Alarm (High)” condition because the delta capauita

is more than 5%. So the system will emergency
shutdown.

5. CONCLUSION

« The phase angles between the phase voltages are The diagnostic technique for on-line monitoring of

constant.
- In additional to the leakage current, the phasdeang

bushing is presented in this work. The degradatbn
internal insulation will affect the value of capacice

between Phase A-B and A-C are also measured. Th@nd power factor of insulation. Then the changirig o
frequency of leakage current is measured from thelnsulation capacitance will lead to the changeeakhge

obtained waveform by performing noise rejection

using software filter, performing wave shaping to
determine the cycle
recalculating the frequency from known period of
one cycle.

4. RESULT AND DISCUSSION

The capacitor testing was done in four differergesa
The results are given in Table 3. These four diffier
cases have a same capacitance rating as 500 74t 3
V.

Table 3. Measured Capacitance of Cfrom Measurement
System, Rated 500 pF, 30.74 V

ase| Cy(p A test tap| DECISION
Case Cy(pF)| ACL | 885 | A Vi g Decisi
| | 503 | 0.60% | 30.92 | 0.60% | Normal
Il | 509 | 1.08% | 31.29 | 1.08% | Warning
m | 519 | 3.80% | 31.91 | 3.80% | Aam
(Low)
vV | 528 | 5.60% | 32.46 | 5.600 | Alam
(High)

From the Table 3, the capacitance value efwill
directly effect to Ve wp SO, the capacitances changing
from 4 cases different are described as bellows.

Case I: The capacitance of €hanged from 500 pF to

503 pF mean that the delta capacitance increases tfb]

0.60%. Then it can be concluded that the bushingiwa
normal condition because the delta capacitanceots n
more than 1%.

Case II: The capacitance of €hanged from 500pF to

509 pF mean that the delta capacitance increases to

1.08%. Then it can be concluded that the bushirg iwa
“warning” condition because the delta capacitarsc@ni
length of 1%<A4C;<3%. So the operator should be keep
real time monitor.

Case lll: The capacitance of €hanged from 500pF to
519 pF mean that the delta capacitance increas@0Of#3
Then it can be concluded that the bushing was iartA

timing subsequently and

current value through bushing insulation. The témpha
continuously monitors the sum of current in thréages

in order to detect the change in value of high agpt
capacitance. The sensor circuit and vector analiysis
microcontroller has been developed to simulate the
degradation of transformer bushing. The status of
bushing is indicated in the display as well as \vayn
signal to inform the maintenance officer to corrdu
problem before bushing failure. The developed syste
has been tested for several simulation cases amdbea
further implemented into the hardware for practical
application with power transformer in transmission
system.
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gt e, Implementation on LED Road Lighting in Bangkok
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}‘}4’,% Jarin Halapee
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Abstract— This paper presents the study on implementation of a light-emitting diode (LED) luminaire for road lighting
in metropolitan area that is been responsible by the Metropolitan Electricity Authority (MEA), Thailand. The LED
luminaire were carefully selected in accordance with the MEA and international standards. Thisis to ensure that such
LED luminaire can provide the same value of illuminance as offering by existing luminaires using High Pressure
Sodium (HPS) and High-pressure Mercury Vapour (HQV) lamps; but it consumes much lower power. Upon the study,
the DIALux program was used to simulate the roadway illumination in several site installations of different landscapes.
Various conditions were carefully selected and implemented. The illumination provided by new LED luminaire was then
compared against that by the existing luminaires using HPS 250W and HQV 125W lamps. The result shows that the
replacement of HPS 250W by LED 140W can reduce power consumption by 169 W/luminaire, which is accounted for
56.5 % reduction. The energy saving can be achieved by 740.22 kWh/luminaire/year, which corresponds to reduction of
CO, of 0.444 ton/luminaire/year. Furthermore, the replacement of HQV 125W by LED 55W can also reduce power
consumption by 92.7 W/luminaire, which is accounted for 64.4 % reduction. As well, the energy saving can be realized
by 406.03 kWh/luminaire/year, which corresponds to reduction of CO, of 0.243 ton/luminaire/year. Finally, the total
energy consumption and cost from the road lighting load can be effectively reduced.

Keywords— Road lighting, led road lighting, energy savingdmp.

program was used to simulate the roadway illumamati
1. INTRODUCTION in several site installations of different landsesp
Various conditions based on MEA and international
standards [3] were carefully selected and impleetknt
. ; ; ' : . The illumination provided by new LED luminaire was
monitor, electronic equipment monitor, traffic lighigh e compared against that by the existing lumésair
power torchlight, lighting in building and vehicés well using HPS and HQV lamps. The areas in Bangkok taken

as road lighting because of its advantages sudovas 5 the study are Phahurat Road, Chakphet Roaddnd
energy conmsumption, longer lifetime, environmental Phet Road. Soi Chidlom. Thetsaban Sai 1 Road
friendliness and so on. It can also be applied sym ’ ’ '

application according to the user requirement and
desiner. Several countries launched LED road Inghti
project in public area, especially the main siguifit 2.1 MEA Road Lighting Requirement

street in the country. The project applied by LED N -
application is now continuously considered for fieire LED road lighting replacements for existing lampssi

: L : be provided illuminance value on roadway according
usage [1]. The Metropolitan Electricity AuthoritVlEA) S ) :
takes currently consideration on LED technologytha MEA road lighting requirement [3] by depending gpe
basis of energy conservation in the metropolitagaar of roadway as showed in Table 1.
Therefore, there is a research project to study,
implementation, and installation of LED road ligigiin

Presently, a light-emitting diode (LED) technolaggys
an important role in everyday life; for example v

2. ROAD LIGHTING REQUIREMENT

Table 1. llluminance of MEA Road Lighting Requirement

Bangkok [2]. [3]
In this paper, the performances of LED luminaire ar Road Category Ep ave Up
compared with existing luminaires that are 250W HHig (lux)
Pressure Sodium (HPS) and 125W High-pressur ;
Mercury Vapour (HQV) lamps in terms of value of Main Road L —
illuminance and energy consumption. The DIALux | Secondary/Local Road (Road width 9.7 0.33
>6m)
Soi (Road width < 6m) 4.3 0.33
Jarin Halapee was born in Nakhon Si Thammaratjlard in Personal Road 6.5 0.16
1976. He received his B.Eng. (E.E.) from King Mouts Institute of ’ ’

Technology Ladkrabang (KMITL), Bangkok, Thailand, 2000. He En ave= Average value of horizontal illuminance, lux
has joined as an Electrical Engineer with Metrdpali Electricity Uy = Uniformity ratio of horizontal illuminance
Authority (MEA) since 2000. At present, he is arditical Engineer 8 Ur=Ep mif En ave

in Research and Development Department, MEA. Hisarch interests

include Overvoltage in Distribution System, Eleatagnetic

Interference from Power Line, Power Quality and &eable Energy,

Energy saving lamp£&-mail:jarinh@mea.or.th
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2.2 MEA Road Lighting I nstallation Requirement

Road lighting installation in case of installed @mmcrete
pole and without central reservation for HQV 125 a
HPS 250W according to MEA drawing standard [4]
based on installation requirement is shown in T@ble

Table 2.Road Lighting Installation in Case of Installed on
Concrete Pole and without Central Reservation

Configuration HQV 125W| HPS 250W | HPS 250W
Road Width | 3<W<4| 7<W<10|10<W <13
IIW" (m)
Luminaire 32m 40 m 40 m
Spacing
“S” (MAX.)
Arrangement (Single-Side( Single-Sideq Staggered
Fig.1 Fig.1 Fig.2

Boom Lenght 1.2m 1.7m 1.7m

|

|

[ -

E v

|

j

]

Fig.2. Staggered Arrangement

2.3 Position of Calculation Points

The calculation points according to Internationair@nission
on lllumination, CIE 140: 2000 [5] should be evenly
spaced in the field of calculation and locatedtas\s in
Fig.3.

D=SIN

—

X X X X X X X

|

—1
[

X X X

Centre-line of lane

Field of calculation O
>

Last luminaire in
calculation field

W

ges of lane

—
Observation 1] ¢
y S
direction

N
First luminaire \n/'o s

calculation field

:<—Ed

X Denotes lines of calculation points in the transverse and longitudinal directions

Fig.3. Position of Calculation Points in a DrivingLane.
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2.3.1 IntheLongitudinal Direction

The spacing ) in the longitudinal direction is

determined from the equation (1):

D== (1)

where: D is the spacing between points in the
longitudinal direction (m); S is the spacing betwee
luminaries in the same row (m); N is the number of
calculation points in the longitudinal directionoden
such that: for 830 m, N=10, for S> 30 m, N is the
smallest integer giving €8m.

The first transverse row of calculation pointspaced
at a distanc®/2 beyond the first luminaire (remote from
the observer).

2.3.2 Inthe Transverse Direction

The spacingd) in the transverse direction is determined
from the equation (2):

d="2

3

)

where:d is the spacing between points in the tenssv
direction (m); W is the lane width (m).

The outermost calculation points are spad&lfrom
the edges of the lane.

3. LED INSTALLATION AND SITE TEST

To compare the illumination performance and the
electrical performance according to standard of MEA
HPS 250W with LED 140W, HQV 125W with LED
55W in case ofnstalled on concrete pole and without central
reservatiorwas analyzed by using the ideas that include:

0 Analysis of illumination performance of HPS and
HQV luminaires by installation and measurement
data on site test.

0 Analysis of illumination performance of LED
luminaire by installation and measurement data on
site test.

0 Analysis of illumination performance of LED
luminaire by calculation using DIALux program.

3.1 Condition for Analysisand Site Test

The detail associated with analysis of illumination
performance of road lighting has been shown in &8bl

3.2 Road Lighting Installation Setting for Analysis
and Site Test

Site test in the selected site was carried out BAM
distribution area of Samut Prakan province. Three
luminaries were set as shown in Fig.4 and Fig.6thed
position of illuminance measurement points as shoown
Fig.5 and Fig.7.
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Table 3. Detialof Installation and Requirement for
Calculation and Testing o Site Test

Luminaire HPS 250V | HQV 125W
LED 140W | LED 55W

Arrangment Single-Sided (Fig.1)
Road width (m) 8 6
Number of lanes 2 2
Mounting hight (m) 8.5 7.8
Luminaire spacing (m 40 32(40)*
Overhang (m) 2 15

Eav (@ Mr=0.7)(IUX) 15 7.5

Uo (Emin/Eay) 0.33 0.33

Note:*Luminaire spacing of testing on site test HQV 125W and
LED 55W are 40 m because of limitation of site.

Field of Measurement

© Measurement Point +— Concrete Pole

0.00m -

0som Q-0 o0 o0 o (o] o 0 0 &)
150m --Q---Q-- OO --Q -0 OO Q- Q- O---O-
250m Qo @ e Qe G @ @ P G G D
som O (o] 0] o o] (o) o o @] o (o} (o}
A @@ B W@ OO OO OG-
R o o e e o e o S o M o M o e o

133m 400m 6.66m 933m 12.00m 14.66m 17.33m 20.00m 22.66m 25.33m 28.00m 30.66m

Fig.7. Positions of Measurement foHQV 125W
and LED 55W

3.3 Comparative Analysis Result Between HPS 250W
and LED 140W

Table 4 shows the comparative analysis reof lighting
performance betweehPS 250W and LED 140W by
following installation and measurement data and u
DIALux program on site test withluminaire spacing as
40 m.Table 5 shows the comparative analysis reof
electrical performance betwe HPS 250W and LED
140W by installation iad measurement data on site .
Data was shown as average value per lumit

Table 4. Comparison of Lighting Performance betwee
HPS 250W and LED 140V

Parameter Requiremer HPS LED
250W 140W

Measurement Result

Eav (@ Mr=07(IUX) 15 22.07 16.28

Uo (Emin/Eay) 0.3¢ 0.05 0.29

Calculation Result

Eav (@ Mr=07(IUX) 15 N/A 14.67

Uo (Emin/Eay) 0.3¢ N/A 0.41

e 8m —|
Fig.4. Road Lighting Installation for HPS 250W and
LED 140W
© Measurement Point .(/ Concrete Pole

0.00m

o6fm Q- Q Q0O Q-0 -0 0 0 0 0 o0 (o]
200m --Q---Q---Q---0---0---Q---0Q---0----0---0---0----0---0---0
138m = W e e e e s W o e o { oo, vonicd. 4
46/m O L] o (o] (o] o (o] o o] o] (o} o Lo} o
m -Q—-@ OO0 OO0 —-0—O--0-—-0-
13m ST Ol @00

8.00m
143m 429m 7.1

=
3

n 10.00m 12.86m 15.71m 18.57m 21.43m 24.29m 27.14m 30.00m 32.86m

Fig.5. Position of measurementpoints for HPS 250W
and LED 140W

Field of Measurement

Fig.6. Road Lighting Installation for

and LED 55W

HQV 125W

5.71m 38.57m

Table 5.Comparison of Electrical Performance betwee
HPS 250W and LED 140V (average per luminaire)

Parameter HPS 250w LED 140W
Input voltage(V) 230 230
Input current (A) 1.35 0.57
Input power (W) 299 130
Power factor (lag) 0.520 0.985

The results of comparison analysis in Table 4 fo
that LED 140W had the illumination less than F
250W, while providing more than the standard ciete
of MEA, thereforeit can be used replacemented for F
250W. Interestingly, comparison in Tabl¢ LED 140W
can reduce the power up 169 W/luminaire (saving up
to 56.5 %).

3.4 Comparative Analysis Result Between HQV 125W
and LED 55W

Table 6 shows the comparative analysis reof lighting
performance betweehtlQV 125W and LED 55\ by
following installation and measurement data and u
DIALux program on site test witluminaire spacing as
40m and 32m.

55
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Table 7 shows the comparative analysis result of

electrical performance between HQV 125W and LED
55W by installation and measurement data on sgk te
Data was shown as average value per luminaire.

Table 6. Comparison of Lighting Performance between
HQV 125W and LED 55W

Parameter Requirement HQV | LED
125W | 55W

Measurement Result (40 m)

Eav (@ Mr=07(IUX) 7.5 4.12 7.27

Uo (Emin/Eay) 0.33 0.302 | 0.151

Calculation Result (40 m)

Eav (@ Mr=07(1UX) 7.5 N/A 6.77

Uo (Emin/Eay) 0.33 N/A 0.246

Calculation Result (32 m)

Eav (@ Mr=07(IUX) 7.5 N/A 8.39

Uo (Emin/Ea) 0.33 N/A 0.401

Table 7. Comparison of Electrical Performance between
HQV 125W and LED 55W (average per luminaire)

Parameter HQV 125W | LED 55W
Input voltage (V) 230 230
Input current (A) 1.35 0.23
Input power (W) 144.0 51.3
Power factor (lag) 0.600 0.951

The results of comparison analysis in Table 6 are
found that LED 55W had the illumination more than
HQV 125W; therefore, it can be concluded that LED
55W can be replaced for HQV 125W. Interestingly,

alapee / GMSARN International Journal 8 (2014) 53 - 60

Fig.8. Map of Phahurat Road, Chakphet Road and
Tri Phet Road.

B

Fig.9. Map of Soi Chidlom.

Fig.10. Map of Thetsaban Sai 1 Road.

comparison in Table 5, LED 55W can also reduce the4-2 lllumination Performances Analysisin Test Areas

power up to 92.7 W/luminaire (saving up to 64.4 %).

4. REPLACEMENT OF EXISTING LAMP BY
LED

4.1 Determination on Tested Area

Table 9 shows the comparative analysis resuligbitiing

performance between HPS 250W and LED 140W by
installation and measurement data on Phahroati as

shown in Table 8. The results show that althougib LE

140W provides illumination less than HPS 250W, ibut

still exceeds the standard criteriea of MEA. Theref it

To study and test LED road lighting, the decideeaar
consist of:
0 Phahurat Road, Chakphet Road and Tri Phet
Road: replacement of 85 luminaires HPS 250W
by LED 140W (Fig.8)

0 Soi Chidlom: replacement of 37 luminaires HPS
250W by LED 140W (Fig.9)
0 Thetsaban Sai 1 Road: replacement of 20

luminaires HQV 125W by LED 55W (Fig.10)

56

can be concluded that the HPS 250W can be replaced

LED 140W.

Table 8. Road Lighting Installation Detail on Phahuat Road

Luminaire HPS250W/ LED140W
Arrangment Staggered
Road width (m) 14.5
Number of lanes 5
Mounting hight (m) 8.8
Luminaire spacing (m) 36/32
Overhang (m) 2
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Table 9. Comparison of Lighting Performance between

HPS 250W and LED 140W on Phahurat Road

Parameter Requirement| HPS LED
250w | 140w

Eav (@ vr=07) 15 37.7 30.7

(lux)

Uo (Emin/Ea) 0.33 0.35 0.42

The comparative analysis result of lighting

performance between HQV 125W and LED 55W by
installation and measurement data on Thetsabarl Sai
Road as shown in Table 10. It is found that the LED
55W has more illumination than the HQV 125W.
Therefore, it can be concluded that the HQV 125W ca

be replaced by the LED 55W.

Fig.11. lllumination Comparison between HPS 250W (ip)

and LED 140W (bottom) on Phahurat Road.

Fig.12. lllumination Comparison between HQV 125W (bp)
and LED 55W (bottom) on Thetsaban Sai 1 Road.

Table 10. Road Lighting Installation Detail on
Thetsaban Sai 1 Road

Luminaire HQV 125W/ LED 55W
Arrangment Single-Sided
Road width (m) 5
Number of lanes 2
Mounting hight (m) 6.5
Luminaire spacing (m) 33
Overhang (m) 15

Table 11. Comparision of Lighting Performance between
HQV 125W and LED 55W on Thetsaban Sai 1 Road

Parameter Requirement HQV LED
125W 55W

Eav @MF=07) 7.5 8.7 15.5

(lux)

Uo (Emin/Eay) 0.33 0.25 0.29
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4.3 Energy Saving and CO2 Reduction Analysis

and the cost of the investment of the LED lumirgire
Finding a simple payback period can be calculatadgu

Table 12 shows the energy usage by the HPS 250W ag,o following formula

compared to replacement by the LED 140W in
kWh/luminaire/year. The results show that LED 140W
can save energy up to 740.22 kWh/luminaire/yeachkvhi
in turn  reduces C® emission by 0.444
ton/luminaire/year. Thus, if one-hundred of LED W0
are installed, the energy will be saved 74,022 k&
and can reduce G@mission by 44.413 ton/year.

, __ Investment cost of the LED luminaire
PaybaCk perl()d - Evergy saving cost per year (3)

The results in Table 14 are found that the payback
period for replacement of HPS 250W by LED 140W is
8.57 year and for replacement of HQV 125W by LED

55W is 13.36 year. However, the payback period are

Table 13 shows the energy usage by the HQV 125W aslepends on energy charge and investment cost.

compared to replacement by the LED 55W in

kWh/luminaire/year. The results indicate that usieD

55W can save energy up to 402.03 kWh/luminaire/year

which in turn reduces GO emission by 0.243
ton/luminaire/year. Thus, if one-hundred of LED 5%\¢é
installed, the energy will be saved 40,603 kWh/yeaal
can reduce C@emission by 24.362 ton/year.

Table 12. Energy Consumption in kWh/luminaire/year of
Replacement of Existing HPS 250W by LED 140W

Parameter HPS 250W LED 140W
Power 299 130
Consumption
(W)
kWh/year 299x4,380/1,000 + 130x4,380/1,000

1,309.62 = 569.40
Energy Saving N/A 1,309.62 —
(kWh) 569.40

=740.22

CO;, Emission 1,309.62x0.6 569.40x0.6
(kglyear) = 785.77 = 341.64
CGO, N/A 785.77 — 341.64
Reduction =444.13
(kglyear)

Note: Average value of CQemissions in Thailand is 563.52
g/kWh or approximate to 0.6 kg/kWh [6]

Table 13. Energy Consumption in kWh/luminaire/year of
Replacement of Existing HQV 125W by LED 55W

Parameter HQV 125w LED 55W
Power 144 51.3
Consumption
(W)
kWh/year 144x4,380/1,00051.3x4,380/1,000 £

=630.72 224.69
Energy Saving N/A 630.72 — 224.69
(kWh) = 406.03
CO, Emission 630.72x0.6 244.69x0.6
(kglyear) =378.43 =134.81
CO, Reduction N/A 378.43 — 143.81
(kglyear) = 243.62

5. ECONOMIC ANALYSIS AND PAYBACK
PERIOD

Economicanalysistakes into account the energy savings

58

Table 14. Calculate the simple payback period for tis

project
Parameter LED | LED 55W
140W

Energy Saving 740.22 406.03
(kWh/luminaire/year)
Energy Charge (THB/kWh)*f 3.2532 3.2532
Energy Saving Cost 2,408.08 | 1,320.90
(THB/luminaire/year)
Investment Cost 20,651.00| 17,655.00
(THB/luminaire)**
Payback Period (year) 8.57 13.36

Note: ** Data in December 2012

6. CONCLUSION

Results associated with the replacement of exisémp
by LED can be summarized as below:

a. LED road lighting 140W can be replaced for HPS
250W. Moreover, LED road lighting 140W can reduce
the power up to 169 W/luminaire or might save eyerg
up to 56.6 %.

b. LED 140W replacement for HPS 250W can save
energy up to 740.22 kWh/luminaire/year and can cedu
CO, emission by 0.444 ton/luminaire/year.

c. LED road lighting 55W can be replaced for HQV
125W, Moreover, LED road lighting 55W can reduce th
power up to 92.7 W/luminaire or might save energya
64.4 %.

d. LED 55W replacement for HQV 125W can save
energy up to 406.03 kWh/luminaire/year and can cedu
CO, emission by 0.243 ton/luminaire/year.
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Abstract— This paper proposes an augmented Lagrange Hopfietelork (ALHN) based method for solving long-term
hydrothermal scheduling problem. The main objeabif/the problem is to minimize total power genenattost over a
scheduling period of one year while satisfying tiperating constraints of the hydro and thermal pdarsuch as the
limits on the water storages, discharges, hydro éimermal generations. The ALHN method is a comhmnaof
augmented Lagrange relaxation and continuous Hapfireural network where the augmented Lagrangetionds
directly used as the energy function of the netw®He effectiveness of the proposed method hastbstd on two
systems and the obtained results compared to toseother methods available in the literature hawdicated that
the proposed method is very efficient for solvinggtterm hydrothermal scheduling problem with gamatimal
solution and fast computational time.

Keywords— Long-term hydrothermal scheduling, augmented Lagange Hopfield network (ALHN), fuel cost
function, water storages.

are handled by augmenting the cost function with a
1. INTRODUCTION penalty function. The full problem thus formulatéex

Hydrothermal scheduling is designed to determine asolved using the conjugate gradient technique. rgela

feasible scheduling for power generation in hydnal a computer memory 1S required in this formullatlon ainel
thermal units that minimizes the operational cadtthe convergence is dependent on th? sele_ctlor_1 of penalt
system. Since there are many aspects to be coedider constants [2]. The method of feasible (_jlrecnon s
including randomness of inflow, hydraulic operatibn USed to solve the hydrothermal scheduling probiene
constraints, and electrical transmission conssaitite ~ fundamental principle of this technique is to firad
problem is usually decomposed into a series of,lanig direction of move towards the optimum value. Thivac
and short-term schedules, with certain aspectsconstraints are included in determining the dicectof
represented in each term while others are neglgtjed move such that it always remains in the feasibimalo.
The long-term hydrothermal scheduling (LTHTS) An important feature of the approach is its sinmipfiof
problem is concerned with effective utilization tffe ~ formulation as it obviates the need of augmenting t
water inflow to the various hydro reservoirs durithg objective function. A local variation algorithm (14) [2]
period of interest, usually taken as one year. Stietion has used the method of local variation togetheh wit
to this problem consists of the determination qflant participation factors and the lambda iteration rodth
for the withdrawal of water from the hydro resergdior The solution approach comprises two phases of
power generation throughout the period and thecomputations. In the first phase an initial feasibl
determination of the corresponding thermal genemati hydrothermal schedule is obtained and in the setioad
so that the total cost of fuel is minimized, subjecthe  schedule is improved iteratively to obtain an ojfim
operating constraints of the hydro and thermal tglan hydrothermal schedule. Unlike other methods, namely
such as the limits on the water storages, discbarge the conjugate gradient method (CGM) [4] and the
hydro and thermal power generations [2, 3]. Inohthe  feasible direction method (FDM) [5], the proposed
earlier works [4], the hydrothermal scheduling gemd  method is simple to program, requires the leastpedger
was solved by forming a Lagrange function by memory and gives an effective optimal solution in
augmenting the cost function with the equality reasonable time. Another method based on lambda
constraints on power balance, hydro power generatio iteration algorithm and conjugate gradient method t
and the hydro plant characteristic equations. Thecompute discharge (LI-CGM) [6] has reached good
inequality constraints, namely, limits on waterrages, quality solutions and certain convergence. J. Sisikt
hydro power generations and thermal power genergtio al. [7] have applied lambda iteration algorithm for
solving short term hydrothermal scheduling probkmd
compare the result from the method with optimal gem
based genetic algorithm. Augmented penalty function
N - -
Nawyen_ Huu Tho st dist 7. HOMC,  Wiemam, Emai: Method (APFM) [8] has been used to solve LTHTS
trungthanqttt@tdt.edu.vn problem with larger scale than CGM [4] and FDM [5].
Vo Ngoc Dieu (corresponding author) is with HCMCitdnsity of The results in terms of fuel cost and computatiamet

Vietnam. Emailyndieu@gmail.com
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comparison has indicated that APFM [8] is lessdtife
than LVA [2]. The Hopfield neural network (HNN) has
been applied to short-term hydrothermal schedui¢ig
There are many drawbacks for such an applicatitne. T
optimal solution obtained by HNN is sensitive tce th
selected weighting factors, so selection of théofacis a
difficult task. In addition, HNN is very difficulto deal
with the complicated problems with nonlinear coaistts

since the problem constraints have to be linearized

before implementing in HNN. Furthermore, for a krg
scale system HNN must take long computational fione
convergence.

In this paper, a new improvement of continuous
Hopfield neural network, called Augmented Lagrange
Hopfield network (ALHN) has been proposed for sotyi
long-term hydrothermal scheduling problem. ALHNais
combination of augmented Lagrange relaxation and
continuous Hopfield neural network where the

augmented Lagrange function is directly used as the

energy function of the continuous Hopfield netwoti
the contrary to HNN, ALHN can obtain the fast
convergence for not only simple systems but alsgela
scale and complicated systems. In order to vetify t
effectiveness of ALHN two systems are used to perfo
and the obtained results are compared to those lfié¥n
[2], CGM [4], FDM [5], LI-CGM [6] and APFM [8].

2. PROBLEM FORMULATION

The availability of limited amount of hydroelectric
energy, in the form of stored water in the system
reservoirs makes the optimal operation complexabse

of the link between an operating decision in a gistage
and the future consequences of this decision in
subsequent stages. Further, it is impossible toe hav
perfect forecasts of the future inflow as well hs toad
variation during a given period. Therefore, fordaerm
storage regulation, it becomes necessary to acdount
the random nature of the load and river inflow. A
hydrothermal system is considered with thermal and
N, hydro plants. The problem is visualized as an &fet
decision process by subdividing the planning penntd

M sub-intervals.

2.1. Thermal fuel cost

The objective function, which is the fuel cost diet
thermal plants, is as follows:

— 2
F =a + bsPsm + CsPsm (1)
2.2. Constraints
Load demand
N1 N2
+Po =Y Pn=> B = &)
s=1 h=1
N;+N, Ni+N, N;+N, 3
Z I:|>mB|J ij ZBO|Rm +B ( )

i=1 =1
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Storage continuity constraint

Xim = X 0 m=12...M (4)

_‘]hm+th =

The limits on the storage level in the reservoirs

hm hm-1

Xmax<x <Xm|n

hm = (5)
Total volume of water available constraint
M . M
XhM +Z Jhm_zqhm =0
m=1 m=1 (6)
The limits on water discharge
9™ < Gy S Gy (7)
Hydro generation
= hOh (l+ O-Se(th + Xhm—l))(qhm - ph) (8)
Generator operating limits
Pmln < Psm < Pmax (9)
P™ <P <B™ (10)

3. ALHN BASED METHOD FOR THE
PROBLEM

3.1 ALHN for Optimal Solutions

The augmented Lagrange functitnof the problem is
formulated as follows:

M=

T

m

—

N1 M N1 N2
[Z Fs(Psm)] + Z/]m(PLm + I:)Dm - Z Psm _Z I:)h )
s=1 m=1 s=1 h=1

T,
Uy

3

N2 M
+ Zﬂhm(th_th—l_‘]hm+qhm)
h=1 m=1
G (Fum = Pon @+ 05&(Xp, + Xiy1))
+ z yhm( h hOh hi hm-1
h=1 m=1 (qhm - ph)
N2 M . M
D (Xpg = X + Z Jom _thm)
h=1 m=1 m=1
1M M N2 2
+ E Z /Bl,m[PLm + I:)Dm - Z Psm _Z thj
m=1 s=1 h=1
1 N2 M 2
+§ ZﬂZ,hm(th - thrrl - Jhm + qhm)
h=1 m=1
2
N2 M _
. % 3 ﬁm{th (L + 056(X,, + th»J
h=1 m=1 (= 20)
1 M M 2
2:B4h2(xh0 hM +ZJhm_Zth)
m=1 m=1

(11)

where A, Gm Hn and y, are Lagrange multipliers m,
Bonm B nmand S, are penalty factors.

The energy functioft of the problem is described in
terms of neurons is determined as:
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M Ny dU aE
— phm _
E=>Yt,(a +bY o+ cV20) =t
m=1 s=1 yhm (19)
M N2
+ Z;V/l,m(PLm + l:)Dm - ;VF’,sm _;VP,hm) deh =+ oE (20)
M dt OV
+ -V -tV
;mz—l Vi ®com =V xams = Jom +Vgim) The inputs of neurons at stapre updated:
+§iv { phm ~ Ny @+ 0.5ex } U =y oD _ g oE (21)
y.hm _ Psm Psm Psm oV
h=1 m=1 Vo TV )V gnm = £n) Fsm
+V N X + (M —y)e-D oE (22)
mz( ho hM Zjhm Z qhm UP,hm_UP,hm_aP,hmi
h=1 a\/P,hm
1 M N2
+*Zﬁ m(PLm + Py — Z Z th] um =yod 4 o _OE (23)
2 oo pory oy X,hm X,hm X,hm OVX .
1 N2 m '
+= o+
2 = mzllgz hm6/>< hm VX hm-1 ‘] thm) U gzm _ U g]h#]) qhm aE (24)
2 ov
1 Nzilg Vonm = oy L+ 056
+ —
2™ 3" (Vx hm T X,hwl))(\/qhm - ph) Uﬁn,zq :Uﬂ(n,;l) +a, mai (25)
’ ’ ’ aV)I,m
1 N2
EONCER R W 02U+, 0 -
M N; Vesm N, Ve m (12)
+Z; ) j g (V)dv+z [g™(v)av UM e 4y OE 27)
m=1\ s=1 0 £,hm £.hm B.hm OV
M N, V,m Vanm pom
+ Z(Z .[ g (V)dVv + z I g (V)dVJ UM =y 4 g oE (28)
m=1 u“h H“h uh OV
“h

whereV, m Vgim VynmandV, , are the outputs of the
multiplier neurons associated with power balana an
water constraints, respectiveMs nm Ve,sm Vxnmand

Vg nmare the outputs of continuous neurbing sm, hm
andhmrepresentin@®nm, Psm X nm andgnm respectively.

whereU, m Ugpm UynmandU, , are the inputs of the
multiplier neuronsUe pm Up sm Ux nmandUq nmare the
inputs of continuous neurong, m, Aynm Agnmandad,,
are step sizes for updating the inputs of multiplie
neurons; an@p sm Apnm dx nmandaypmare step sizes for

The dynamics of the model for updating neuron isput ypdating the inputs of continuous neurons.

are defined as follows: i o
The outputs of continuous neurons and multiplier

du,,, __ OE neurons:
dt ov
Fem (13) Vv (Pmax Pmm{lﬂanf(ou P,sm)\J + pmin (29)
Psm S
dUphn ___OE (14) 2
dt Ve,
hm _\ 1+tanhoU '
VP,hm - (thax _ thln( ri P,hm)] + thln (30)
dUdX'hm _ _[ a\(3E J (15)
t X,hm e _\ 1+tanhoU '
' Vygm= (X7~ x:“'"{r(z )j o (3D
du ( 9E J
ghm - _
dt oV
e (16) o= (o - {“ ) ‘*“m)j g (32)
2
au,, oE
m — 4
dt GVAm (17) V/1m = U/lm (33)
U _, OE Vim = Uy (34)
dt Vg (18) Vinm = Ughm (35)
Vyuh=Upn (36)
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whereg is slope of sigmoid function that determines the Step 6: Calculate output of neurons using (29)-(36)
shape of the sigmoid function [10]. Step 7: Calculate errors as in section 3.1.3.

3.1.1 Initialization Step 8: IfErrma>€ andn < Npa N =n + 1 and return

. . i to Step 4. Otherwise, stop.
The initial outputs of continuous neurons are $ehair

middle limits and the multiplier neurons are set as,  NUMERICAL RESULTS

follows:

o e i The proposed algorithm has been coded in Matlab 7.2
Vo= ( +R )/2 37) programming language and executed on an Intel(R¢ Co
, (TM)2 Duo CPU T7250 @2.00 GHz PC.

VF(>(:1)m = (thaX +R™ )/ 2 (38) .
4.1. Thefirst system
>((or)1m _(X 4 er]nln)/z (39) The first example chosen consists of a system tmith
. . hydro plants and two thermal plants. The increnienta
Véﬂ)m = (qma + qmn)/2 (40) costs of the thermal plants are [2, 4]:
vo oL i o, +2cv @) (41) dF,/dR = 08+ 004P,
Am N, & _ 0P, dF, /dPR, = 0.78+ 006P,
Vs The water inflows in p.u. during the 12 time intaisy
1 ap the rest of data relating to the expressions fertthdro
vV }10) = Zanf’(l ] (42) plants, initial and final storage of the reservairgl the
N, t= Nepm transmission loss formula matrix are also givef2ir4].

Load demand for all the time intervals is 8.0p.leT
Vi =V mhon{1+ 056V s + Jin = Vgt (43) optimal solutions are given in table 1. Clearly] al

generations of each plant for 12 time intervals the
Vo (Vi V0 {05hy, &V D, - o)} (44) same because of the same load demand of 8.0 il for

- VO 105h eV O - o)} time intervals. The results comparisons in termsotdl
yihm LEE0n T ghmed fuel cost and computation time among ALHN and other

3.1.2 Selection of Parameters methods for the first system are given in the tahle
CGM [4] and FDM [5] have approximate fuel cost and
By experiment, the value af is fixed at 100 for all test higher than LVA [2] and ALHN. ALHN has the best
systems. The other parameters will vary dependimg o solution compared to the all ones.

the data of the considered systems. 4.2. The second system

3.1.3 Termination Criteria
inat er The second system has three hydro plants and four

The algorithm of ALHN will be terminated when eithe thermal plants. The complete data for the secostery
maximum error Erry,. is lower than a predefined are from [6, 8]. The optimal solutions from ALHNear
threshold € or maximum number of iterationN,,.x is given in table 3. The result comparison in termsotdl
reached. fuel cost and computation time among ALHN and other
methods are given in table 4. The cost from ALHN is
much less than LI-CGM [6] and APFM [8] but higher
The overall algorithm of the ALHN for finding an than LVA[2].

3.1.4 Overall procedure

optimal solution for the HTS problem is as follows. Clearly, at the both systems, ALHN is much faster
Step 1: Select parameters for the model in Section ~ than all methods. LVA [2] has been implemented on a
3.1.2. 32-bit PRIME 2250 system with 1 MB. There is no

computer reported in [4, 5, 6, 8]. Although ALHNsha

using (37)-(44) as in Section 3.1.1. been exepute_d in the'bgtter CPU than other methods,

Step 3© Sen = 1 computation time of within 2 seconds for each gyste
ep o oeh=L. ] ) has also indicated that ALHN is an effective metiod

Step 4: (g:(;:l)lculate dynamics of neurons using (13)-  splve long term hydrothermal scheduling problem.

Step 5: Update inputs of neurons using (21)-(28).

Step 2: Initialize inputs and outputs of all nelgon
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Table 1 Optimal solutions using ALHN for the first system.

Thermal generations Hydro generations Water diggha
m | Pom(Pu) | Psim(Pu) | Psom(PU) | Phim(PU) | Phom(PU) | Pum(PY) | Oram(PY) | Ghem(pU)
1 8 2.7288 2.0413 2.2586 1.8843 0.91B82 0.75p4 1.5p1
2 8 2.7288 2.0413 2.2586 1.8843 0.91B2 0.82p7 2.992
3 8 2.7288 2.0413 2.2586 1.8843 0.91B82 0.9969 0.9p7
4 8 2.7288 2.0413 2.2586 1.8843 0.91B2 1.14p1 8.558
5 8 2.7288 2.0413 2.2586 1.8843 0.91B82 1.29p7 3.432
6 8 2.7288 2.0413 2.2586 1.8843 0.91B2 1.534 2.8734
7 8 2.7288 2.0413 2.2586 1.8843 0.91B82 1.64p1 2.047
8 8 2.7288 2.0413 2.2586 1.8843 0.91B2 1.2486 6.579
9 8 2.7288 2.0413 2.2586 1.8843 0.91B82 0.88p3 @.500
10 8 2.7288 2.0413 2.2586 1.8843 0.91B2 0.6376 0.b
11 8 2.7288 2.0413 2.2586 1.8843 0.91B2 0.5332 0.b
12 8 2.7288 2.0413 2.2586 1.8843 0.91B2 0.51p7 0.b
Table 2. Result comparison for the first system
Method LVA[2] | CGM[4] | FDM[5] | ALHN
Cost ($) 48.6685 48.7512  48.7488  48.5907
CPU time (s) 67 123 102 2.3
Table 3. Optimal solutions using ALHN for the secondystem
Thermal generation Hydro generation
Pom Pim Pam P3m Pam Pim Pam P3m Pim
m | (MW) | (MW) (MW) (MW) (MW) (MW) (MW) (MW) | (MW)
1 200 | 60.8542 50.664 36.334 36.334 13.151 8.0f65 05.414
2 210 | 51.6357 42.803 30.5587 30.5587 0.0501 0.2087.3109| 7.1265
3 205 61.411| 51.1399 36.6831 36.6831 6.8325 12.6364273| 5.5145
4 180 | 50.8341 42.1179 30.053 30.03 9.8902 13.%4I8799 3.87
5 195 | 51.2462 42.4688 30.3113 30.3113 16.0372 471.081.7342] 4.1932
6 200 | 45.7969 37.832P 26.8955 26.8955 25.1512 38.188.2849| 4.0417
7 220 | 43.4586 35.845B3 25.4298 25.4298 38.0488 29.097.6018 4.9133
8 204 | 28.3794 23.068p 15.9782 15.97982 53.7104 33.2538.8607| 5.2299
9 189 | 16.388 12.95483 8.4642 8.4642 66.8045 34.76VB4905| 6.3328
10| 199 | 185544 14778 9.8211 9.8211 71.4077 33.95M25099| 6.8433
11| 207 20.38 | 16.3164 10.965 10.965 75.9Y44 33.9M8B7446| 7.2622
12| 198 | 13.9493 10.9016 6.9356 6.93b6 85.747 33.2388.572 | 8.2771
Table 4. Result comparison for the second system
Method LVA[2] | LI-CGM [6] | APFM [8] | ALHN
Cost ($) 6234.38 6800.129 6992.73 6777
CPU time (s) 110 - 203 2.2
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5. CONCLUSION

In this paper, the proposed Augmented Lagrange
Hopfield Network based method is effectively
implemented for solving the long-term hydro-thermal [1]
scheduling problem. ALHN is a continuous Hopfield
neural network with its energy function based on
augmented Lagrange function. The ALHN method can
find an optimal solution for an optimization in ary fast
manner. The effectiveness of the proposed methad ha
been verified through two test systems where th& fi
one consist of two thermal plants and two hydropowe
plants and the second one has four thermal plards a [3]
three hydropower plants. The two systems are séébedu

in twelve subintervals. The obtained results cormgdo

those from other methods. The result comparison has
indicated that the proposed method can obtain tbette
optimal solutions than other methods. Moreover, thel4]
ALHN proposed method also takes the short
computation time to get convergence for systemirang
from small to larger scale. Therefore, the proposed!5]
ALHN method is a promising method for solving long-
term hydro-thermal scheduling problem.

(2]

(6]
NOMENCLATURE

[7]

as b, ¢ Cost coefficients for thermal urst

Ny, N, Number of thermal and hydro plants.

M Number of time intervals for scheduling [g]
horizon.

Pom Load demand of the system during
subintervaim

Phm Generation output of hydro unft during 9]
subintervaim

P P,™* | ower and upper generation limits of hydro
unith

Pim Transmission loss of the system during
subintervaim

Psm Generation output of thermal urstduring
sub-intervaim

Bij, Boi, Boo  Loss formula coefficients of transmission

system.

Lower and upper generation limits of
thermal units

min max
PS 1 PS

T Duration of subintervain

Xom Water storage for thehth hydro plant
during themth sub-interval

Jhm Water inflow into the reservoir for theth
hydro plant during thenth sub-interval

Chm Water discharge through thieth hydro
plant during thanth sub-interval

hon Basic head dfith hydro plant

Oh The non-effective water discharge of the
hth hydro plant.

e The water head correction factor to account
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for variation in head with storage of théh
hydro plant.
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