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ABSTRACT

In Sri Lanka net meter PV energy is popular in building sector and also it is promoted by the 
government. Every building owner would be like to have optimum energy design while 
minimizing the cost of energy when new buildings are at design stage. According to the 2014 
Sri Lana energy balance, the energy consumption of commercial buildings accounts for about 
25% of energy. So it is important to optimize consumption of fossil fuels in the building sector 
in order to reduce greenhouse gas emissions.
Optimum net meter solar PV capacity to be installed is depend on various factor such as tariff 
category, solar irradiation, building load profile, maximum demand of the building etc. Thus 
it is essential do analysis to decide the PV system capacity. But this analysis is tedious to do 
without data and expertise knowledge on high end analysis software.
In this research, a methodology is proposed to develop an optimum energy solution tool using 
techno- economic analysis for building energy system with net metered solar PV in Sri Lanka 
which are differ from load profile, tariff Scheme and the maximum demand.
The software HOMER was used to model the energy system and the simulation is validated 
using two actual situations.
From this research intelligent tool is developed which is very easy to use by anyone without 
expertise knowledge or practice to select optimum solar PV capacity to be installed and get 
details on investment cost, cost of energy, payback period etc. If the user cannot go for the 
optimum PV capacity due to the limitations on cost or area, then this tool can be used select 
whatever the possible feasible capacity using this tool. This developed tool have been verified 
considering two actual situations.

Key words: PV capacity, load profile, tariff Scheme, maximum demand, investment cost, cost 
of energy, payback period
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CHAPTER 1

1 INTRODUCTION
According to 2014 Sri Lanka energy balance, the energy consumption of commercial 

buildings accounts for about 25% of energy use, so it is important to optimize 

consumption of fossil fuels in the building sector in order to reduce greenhouse gas 

emissions. Various types of renewable energy technologies can be considered to meet 

such energy demands, and net meter solar Photovoltaic is very popular in Sri Lanka.

However solar PV installation should be a feasible solution both economically and 

technically. Before the installation feasibility analysis should be carried out to obtain 

outcome of it. Solar PV optimum capacity to be installed is depend on 

various parameters such as tariff category, solar irradiation, building load profile, 

maximum demand of the building etc. Thus it is essential do proper analysis to decide 

the PV system capacity and also good to know about the investment, cost of energy, 

payback period etc.

maximum

1.1 Net meter PV system

Net Metering is a policy that enables electricity customers to connect their own on-site 

generation system to the utility grid and receive credits on their electricity bills for 

their own renewable energy generation in excess of their electricity consumption that 

is exported to the electricity distribution network. Figure 1-1 shows an arrangement of 

net meter solar system.
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Figure 1-1 : Solar PV net metering arrangement

In the net metering, utility meter will be replaces with an import/export meter. The 

electrical energy is consumed from the grid is considered as import energy and 

electrical energy generated and supplied to the grid is considered as export energy. 
At the end of each monthly billing period, the electricity bill is prepared giving credit 
to the export and charging the consumer for the difference between the import and the 

export. If the export is more than the import in any billing period, the excess electricity 

can carry forward to use for their consumption requirements in the future. For a multi­
tier tariff consumer, the energy balancing is carried out within each tariff-tier and credit 
in one tier is not transferable to another tier.

1.2 Electricity load profile in buildings

Load profile is a graph of the variation in the electrical load versus time. A load profile 

will vary according to customer type such as residential, commercial and industrial. 
Load profile represents the loading pattern of various electrical loads belong to an 

electrical installation. When consider the Sri Lankan buildings there are several load 

profile based on the purpose of that building usage such as office buildings, super 

markets, fashion outlets, banks, hospitals, hotels, prisons etc. Those variation details 

are obtained from a previous research [12].

2



CHAPTER 2

2 RESEARCH OUTLINE

2.1 Problem Identification

In Sri Lanka net meter PV energy is popular in building sector towards green energy 

concept. Even though there are many computer software tools capable of analyzing 

the integration of renewable energy systems, they need a lot of data and should be 

expert enough to use those software.

There are many computer software tools capable of analyzing the integration of 

renewable energy systems. For all those software need various parameters as inputs 

such as tariff data, solar irradiation levels, PV system cost, load variation pattern and 

etc. In general, design process can be divided into two parts: conceptual design and 

detailed design. At the conceptual design stage of a building it is tedious to do such 

analysis using those high end software. Instead if we can have a user friendly method 

which gives optimum combination of net meter PV system with important factors such 

as cost of energy, installation cost, payback period & etc, it will be really helpful at the 

conceptual design stage. Results of analyses from the conceptual design can be used 

as input information for the detailed design.

There are few simple tools developed to find out feasible net meter solar system only 

for the domestic sector. One tool is developed by Sri Lanka sustainable energy 

authority (SLSEA) which make an intelligent choice to go for the most economical net 

meter solar panel system based on investment and average electricity bill. But this is 

only for residential building and has no optimization. Some other simple online 

calculations are offered by solar installation companies in Sri Lanka such as St 

Anthony's Solar, J Lanka technologies, BAM green etc. All most all those consider 

only the domestic sector.

When consider the commercial buildings and others, optimum solar PV capacity to be 

installed is depend on tariff category, solar irradiation, building load profile, maximum 

demand of the building etc. But there is no simple tool to analyze the feasibility of PV

3



installation and its outcomes for commercial buildings without high-end software and 

expertise practice.

2.2 Objective
Objective is to develop an optimum energy solution tool using techno­

analysis for building energy system with net meter solar PV in Sri Lanka which differ 

from load profile (Cluster), tariff Scheme and the maximum demand.

economic

2.3 Research Boundaries
The outcome of this research is only applicable for bulk installations. This is not 

applicable for domestic sector electrical installations. Also this is not applicable for 

multi category electrical installations which are consisted as retail type domestic, 

commercial and hotel electrical installations (electrical installations where its contract 

demand is above 42 kVA). Also, this is not applicable the transformers which are used 

for distribution purposes.

Sri Lankan government recently introduced a concept called "Battle for solar energy” 

which has three options; net metering, net accounting and net plus.

• Net metering: To continue the existing net metering system. No payment will 

be made for the excess electricity produced. But the excess electricity can carry 

forward to use for their consumption requirements in the future

• Net accounting: To make a payment for excess electricity at a rate of Rs.22/- 

per unit during the first 07 years and Rs. 15.50 for the period of 8-15 year

• Net plus: Electricity producers using rooftop solar panels will be paid Rs.22/- 

per unit during the first 07 years and Rs. 15.50 per unit for the period 08-20 

years. Unlike in the net metering system, the electricity production and the 

consumption are independent. Accordingly customers have to pay for their 

consumption according to the tariff of that time and the electricity board will 

pay for the units of electricity produced under the above tariff

But in this research only the first concept is considered.

For the development of this tool power factor is assumed as 0.8
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2.4 Literature Review
Numbers of research papers, journals, magazines, e books were 

related similar work done on this topic and find out an approach to carry out this 

research.
Researches are done to provide methods to analyze reliable electricity and identify 

optimal systems with renewable energy [1]. But considered only a single case like a 

village or a city and not consumer based.

Even though most researches are done to optimize renewable energy capacities in 

standalone systems, there are many researches done to find out optimal renewable 

energy system parameters including solar PV also for grid connected systems [2], [3], 

[4]. But in many of researches only single load variation and tariff scheme is 

considered. They are like case studies and no tool was developed to have general idea 

for different cases. [7], [9], [10].

referred to find out

There are few tools developed nationally and internationally to find out energy system 

parameters such as capital cost, payback period. But they have limitations such as 

considered only a single category (Ex: Residential), no load variation pattern is 

considered etc. SLSEA has developed a tool which make an intelligent choice and go 

for the most economical net metered solar panel system based on investment and 

average electricity bill. This tool has no capability to decide the optimum system 

capacities. And also it considered residential buildings only and also not considered 

load variation pattern.

2.5 Methodology
For the timely completion of the research, the work flow was arranged in the manner 

given below.

2.5.1 Literature Survey
Under the literature survey, literatures in relation to hybrid energy systems, net meter 

PV systems, existing optimum energy solution tool in Sri Lanka were referred. Some 

of the papers contained hybrid energy system analysis where the software package

5



HOMER was used. The findings of the literature survey and other related information 

were discussed in section 2.4.

2.5.2 Model proposal

Figure 2-1 shows the proposed model which contains three selectable inputs, a 

database and an output. The first input; Type of building (cluster) is based on the load 

variation pattern of the building as Commercial, Office, Hotel etc (12 clusters with 

load curve are considered), the second input; tariff category is based on applicable 

tariff scheme on Commercial, Office, Hotel tariff schemes (GV2, GP2 & H2 

considered; details are annexed in annexure 2) and the third input is the maximum load 

demand range of the building. Optimization model contains a database which contain 

optimized net meter solar PV system parameters which are analyzed using a micro 

power system optimization software.

are

Optimization Modef\r- Optimized PV- 
Diesel hybrid 

grid connected 
system 

parameters►[iETEi

-Ap~r
II

II
H

Optimizer

Figure 2-1: Proposed model

2.5.3 Identifying and collecting necessary data for modeling in HOMER

In preparation of the model, HOMER needs a large number of input data. The 

required input data relates to technical, financial and economic parameters of 

fuels, technologies and new investment options. Some of the input data for the

6



in line with themodel was extracted (and some were adjusted so that they are
package HOMER) from published documents by responsiblesoftware

government institutions of Sri Lanka including Ceylon Electricity Board 5 

Public Utilities Commission of Sri Lanka and SLSEA. Some of the information
directly requested from respective institutions, (e.g.: information related 

to solar PV was directly requested from companies involving with solar PV 

installation). Table 2-1 summarize data collected from respective companies.

was
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Component LifetimeSize (kW) O&M cost ($)Capital cost ($) Replacement cost ($)

Generator 6000 hrs940 10345 6207
80 16552 179931

200 3632414 19448
320 5346897 28138

71400 56552 33931
9547586512 79310

10357103600 95172
11062069656 103448
13774483800 124138

20 years02500PV 1 2500
01030010 10300
02730030 27300

15 years0550 550Converter 1
010 3500 3500

15 4200 4200 0
30 8275 8275 0

Table 2-1 : System component considered for simulation



2.5.4 Modeling and simulation
A base case was developed and was run. Grid connected net meter system for 

various buildings were modeled using the software package HOMER. Chapter 

3 gives a comprehensive description in this regard.

2.5.5 Simulation validation
The simulation in this research were validated by comparing simulation results 

with two actual situations. Chapter 6 gives a comprehensive description in this 

regard.

2.5.6 Various system analysis

A base case was developed and run. Then another 114 cases were modeled by 

changing the parameters of base model such as tariff category, load curve 

(cluster type) and maximum load demand. Figure 2-3 shows all analyzed cases. 
Table 2-2 describes all the clusters with sample installations.

9



Selection of relevant 
system details Cluster type 

selection

(Cluster^ (Cluster4) (cluster5) (clustere) (cluster 7) (cluster8) (ciuster9) fluster 12) (Cluster 13)(Cluster 14) (Cluster 16) (Cluster^

GP2GP2 GP2 GP2GP2 GP2 GP2 GP2 GP2GP2 GP2

@ @(gV2^ 0 ariff category 
selection

© 0 @ 0

)c 175 kVA /150kVA / 125kVA /10OkVA / 75kVA / 50kVA

Feasible N 
.System details.

Figure 2-2 : Analyzed cases for database development



Possible tariff 
categoriesExample installationsCluster

Government banks, Government offices,
University faculty , Educational Institute type 1 , 
Embassy offices type 1, High commissioner’s 
offices, Municipal Councils __
Financial institute office, Fashion Outlets type 1

GV2, GP2Cluster 2

GP2Cluster 4

Private banks, Private company offices type 1, 
Insurance offices

GP2Cluster 5

GP2Cluster 6 Show rooms(shoes), Apartments

Hospitals type 1, Embassy office type 2, Institute 
type 2, Private company office type 2 GV2, GP2Cluster 7

Cluster 8 Utility service officers, Hotel type 1 GP2, H2

Cluster 9 Hotels type 2, Hospitals GV2, GP2, H2
Cluster 12 Hotels type 3 H2

Cluster 13 Prisons GV2, GP2

Super markets(consumer goods, electrical items), 
Food outlets, Fashion Outlets type 2Cluster 14 GP2

Railway Stations, Hotel type 4Cluster 16 GP2, H2

Fashion Outlets type 3, Private company office 
type 3Cluster 17 GP2

Table 2-2 : Cluster description with sample installations [12]

2.5.7 Tool development
The tool is Microsoft excel based. It contains optimized system parameters and 

other feasible configurations for a particular building. User can select input 

parameters corresponding to the available building and obtain intelligent 

system parameters on building energy system and net meter PV installation. 

Chapter 5 gives a comprehensive description in this regard.

2.5.8 Tool validation
The developed tool in this research was validated by comparing simulation 

results with two actual situations. Chapter 6 gives a comprehensive description 

in this regard.
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CHAPTER 3

3 HOMER SIMULATION

3.1 Software introduction

The HOMER Micro-power Optimization Model is a computer model developed by 

the U.S. National Renewable Energy Laboratory to assist in the design of micro-power 

systems and to facilitate the comparison of power generation technologies across a 

wide range of applications.

HOMER simulation process serves two purposes. First, it determines whether the 

system is feasible considering the system to be feasible if it can adequately 

serve the loads and satisfy any other constraints imposed by the user. Second, it 

estimates the life-cycle cost of the system, which is the total cost of installing and 

operating the system over its lifetime. HOMER models a particular system 

configuration by performing an hourly time series simulation of its operation over one 

year. It allows the modeler to compare many different design options based on their 

technical and economic merits. Figure 3-1 shows the schematic diagram of HOMER 

simulation software.

I Add/Remove... jEquipment to consider

Primary Load 1 
86G kWh/d 

140 kW peak

Generator 1

■Tl4
PV

T-
ConverterGrid

DCAC

Figure 3-1 : Schematic diagram in HOMER simulation
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3.2 Primary load
Primary Load is electrical demand 

meet at a specific time. A single 24-hour profile of primary load in kilowatts as shown 

in the figure 3-2, can be specified that applies throughout the year. HOMER adds 

user-specified amount of randomness to synthesized load data so that every day’s load 

pattern is unique.

mustthat the power system

a

Primary Load Inputs
File Ida Help

9 ^&2E&sg5^s^2S2ssz&ssas3sssi
(norihiadaytypet. Fa eslciia!ion». HOMER uwucated data beieJnedJia scaled up a <fc^i to the «c*todarrual«va»gevjA«

Hdd (he point* over an demert a cfck Hefe fa aa* Wamation

Lofc*i j^i',"I IM^ff Dataioacc G Enterdatypioflefs] ImporttmeitnedtUlieload!*)* ^ ACDC

Ostein
Month |j«ruaryj 
Do? •»« | Weekday 3

mi-^S flmn0500-06.00 a 000

—i —I itn f« ' Uj, ir 9as Oa ta Sac

aooo
8000
8000

Random voiabBy 
OajHCKJay 
Time-ttetHodme-itep  |

r 15 *
605 605AverspefrWVd)

**m._:
Load (acta

20 a:
2S2 252

PbL- | E^ot-. j97.1 $7.1
Seated annual average (kWh/d) j 6(5 L) | He» j Carol jl OK |0260 0.260

Figure 3-2: Primary load inputs

3.3 Generator
A generator consumes fuel to produce electricity. The principal physical properties of 

the generator are its electrical power output, its expected Lifetime in operating hours, 
the type of fuel it consumes, and its fuel curve, which relates the quantity of fuel 
consumed to the electrical power produced.
HOMER assumes the fuel curve is a straight line with a y-intercept. Fuel curve is 

obtained considering the fuel consumption per hour and respective output power 

generation capability.
Fuel curve equation,

F = FoPgen + F\Pgcn

13



Where Fo is the fuel curve intercept coefficient, Fi is the fuel curve slope, Ygen the 

rated capacity of the generator (kW), and Pgen the electrical output of the generator 

(kW). If the fuel is denominated in liters, the units of F are L/h.

Figure 3-3 shows the input window for generator in HOMER. The user specifies the 

generator’s initial capital cost in dollars, replacement cost in dollars, and annual O&M 

cost (without fuel) in dollars per operating hour. As it does for all dispatchable power 

sources, HOMER calculates the generator’s fixed and marginal cost of energy and uses 

that information when simulating the operation of the system.

The fixed cost of energy is the cost per hour of simply running the generator, without 

producing any electricity.

HOMER uses the following equation to calculate the generator’s fixed cost of energy

Crep.gen
“t" ^O-^genQueheff

-Kgen
^gen.fixed — C*om,gen “t~

is the O&M cost in dollars per hour, Crep;gen the replacement cost in 

dollars, Rgen the generator lifetime in hours, Fo the fuel curve intercept coefficient in 

quantity of fuel per hour per kilowatt, Ygen the capacity of the generator (kW), and 

Cfucijeffthe effective price of fuel in dollars per quantity of fuel.

The marginal cost of energy is the additional cost per kilowatt-hour of producing 

electricity from that generator.

HOMER calculates the marginal cost of energy of the generator using the following 

equation:

where Com;gen

£gen,mar — ^l^fuel,eff

where FI is the fuel curve slope in quantity of fuel per hour per kWh and C&eUeff is 

the effective price of fuel in dollars per quantity of fuel.

14



Generator Inputs■

file Edit Help
« 'Choose a fuel and enter at least one size, capital cost and operation and maintenance (Q&M) vato in the Costs tafate. 

.the optimal system. HOMER will consider each generator size h the Sees to Consider table.

‘Hold the pointer over an element or cSck Help for more information.

C®3* j Fuel j Schedule j Erosions JI

Sizes to consider —Costs Cost Carve
Capital ($) 1 Replacement ($) j O&M ($/hi) H

10345 G207 9.000 ZD
9931 17.000

19448 36.000

u I u I u

Size(kWlSize (kW) |__ Lt20
1 40000 100.000i

| 3380.000 16552
200.000 32414 !A S8 40

TProperties------------------

Description ]Generator 1 
Abbreviation jG^n 
Ufebme (operating hours) j 6000 {.J |

30 _Uj

0 200 <00 OOO SCO
Siz»(kW>

— Capital — Reptaoemert

.
Type (• PC 

C DC

'virtmum load ratio (%)i

Cancel | OKHelp
L.

Figure 3-3 : Generator inputs

3.4 PV
HOMER models the PV array as a device that produces dc electricity in direct 
proportion to the global solar radiation incident upon it, independent of its temperature 

and the voltage to which it is exposed.
HOMER calculates the power output of the PV array using the equation,

It
Pvv =/pvTpv —

Is

Where, fPV is the PV derating factor, Ypv the rated capacity of the PV array (kW), li­
the global solar radiation incident on the surface of the PV array (kW/m2), and Is is 1 
kW/m2, which is the standard amount of radiation used to rate the capacity of the PV 

array.
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is theThe rated capacity (sometimes called the peak capacity) of a PV array
of power it would produce under standard test conditions of 1 kW/m 

irradiance and a panel temperature of 25 °C. In HOMER, the size of a PV array is 

always specified in terms of rated capacity.

In reality, the output of a PV array does depend strongly 

nonlinearly on the voltage to which it is exposed. The maximum power point (the 

voltage at which the power output is maximized) depends on the solar radiation and 

the temperature. A maximum power point tracker is a solid-state device placed 

between the PV array and the rest of the dc components of the system that decouples 

the array voltage from that of the rest of the system, and ensures that the array voltage 

is always equal to the maximum power point. By ignoring the effect of the voltage to

amount

solar irradiation andon

which the PV array is exposed, HOMER effectively assumes that a maximum power 

point tracker is present in the system. Figure 3-4 shows the input window for PV in 

HOMER.

i—
PV Inputs

File Edit Help

jEnter at least one size and capial cost value in the Costs table. Indude al costs associated with the PV
;(photovo!taic) system, including modules, mounting hardware, and instala&on. As I searches for the optimal system. 
HOMER considers each PV array capacity in the Sizes to Consider table.

iNote that by default, HOMER sets the dope value equal to the latitude from the Solar Resouce Inputs window. 
'Hold the pointer over an dement or click Help for more information..

Sizes to consider —Costs
j[Size (kW) 1 Capital ($) | Replacement ($11 Q&M ($/yr) 209SizefkW)

I...  YoOCfl 2500
10.000 1 0300

0.00002500 • 130
Iioo— 10.000

▼] 15.000—
25.000
30.000
40.000
55.000

010300
02730030.000 27300

W I u I u • i'
°0 30 100 150 200 230

Si»<kW)
Properties------------------------------

Output current C AC (• DC 
Lifetime (years)

Derating factor [Z\

Slope (degrees)

Azimuth (degrees W of S) [
Ground reflectance (2) | 20 U l

Advanced -------------------------------
Tracking system JNo Tracking

IH Consider effect of temperature

Temperature coett oi power l-'i/'C) | *0.5 I ' |

I JjJ

• I3
:
!

Norraial operating cell ter op. (X) 
Efficiency at stc. test conditions (2) |

!
He* I Cancel I I OK J

;

Figure 3-4 : PV inputs
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3.4.1 Solar resource
To model a system containing a PV array, the HOMER user must provide solar 

resource data for the location of interest. Solar resource data indicate the amount of

directly from theglobal solar radiation (beam radiation coming 

sun, plus diffuse radiation coming from all parts of the sky) that strikes Earth’s surface

in a typical year. HOMER generates synthetic hourly global solar radiation data using 

an algorithm developed by Graham and Hollands [15]. The inputs to this algorithm are 

the monthly average solar radiation values and the latitude. Figure 3-5 shows the input

window for solar resource inputs.

r Solar Resource Inputs
File Edit Help

•g.’i HOMER use* the solar resource iiputs to calculate the PV array power for each hour of the year. Enter the latitude, and 
,efther an average daily radiation value or an average clearness index for each month. HOMER uses the latitude vafcje to 
calculate the average daily radiation from the clearness index and vice-versa.

Hold the pointer oyer an element or cBck Help for more Wormatioa

Location

Latitude j 7 * | 30 1 f? North C South Time zone

Longitude j 80 * j 59 1 <• East C West □|(GMT +06:00] Novosibisk.. Bhutan, Sri Lanka

■

Data source: (* Enter monthly averages C Import time series data Be Get Data Via Internet ] 
Baseline data---------------------------------------------------------------------------------------------------------------------

Clearness Daily Radiation Global Horizontal fagflog
Month t.o

Index (kWh/m2/d)
0.522 
0.606 
0.617 6.372

4.804January r O.S
5.937February Is K

0.8 1!March § 1*4.5.9980.573April. I5.6200.548Mcfti !S3 T5.429 1ec
0.540June
0.548 5.540July *2
0.538
0.534

5.550
5.508

August 0.2

September
October :5.2890.534 o

Jan Fab Mar Apr May Jun Id Aug Od tin Ok
4.6700.502November Daily Raaiation — Cla«rr«B Ineax
4.4600.497December

Ptol.. | Export... j

Help | Cancel [f OK 1

5428a547Average:

Scaled annual average (kWh/rrf/d)

Figure 3-5 : Solar resource inputs

3.5 Converter
A converter is a device that converts electric power from dc to ac in a 

process called inversion, and/or from ac to dc in a process called rectification. 

The user specifies the inverter capacity, which is the maximum amount of
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AC power that the device can produce by rectifying DC power, as a percentage of the 

capacity. The inverter capacity is therefore not a separate decision variable.inverter
HOMER assumes that the inverter and rectifier capacities are not surge capacities

that the device can withstand for only short periods of time, but rather, continuous 

capacities that the device can withstand for as long as necessary.

3.6 Grid
HOMER models the grid as a component from which the micro-power system 

purchase ac electricity and to which the system can sell ac electricity. The 

cost of purchasing power from the grid can comprise an energy charge based on the 

amount of energy purchased in a billing period and a demand charge based on the 

peak demand within the billing period. HOMER uses the term grid power price for 

the price (in dollars per kWh) that the electric utility charges for energy 

purchased from the grid, and the demand rate for the price (in dollars per kilowatt 

per month) the utility charges for the peak grid demand. A third term, the sellback rate, 

refers to the price (in dollars per kWh) that the utility pays for power 

sold to the grid. Figure 3-6 shows grid input window in HOMER.

can

Figure 3-6 : Grid inputs
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HOMER can also model net metering, a billing arrangement whereby the utility 

charges the customer based on the net grid purchases (purchases minus sales) over 

the billing period. Under net metering, if purchases exceed sales over the billing 

period, the consumer pays the utility an amount equal to the net grid purchases 

times the grid power cost. If sales exceed purchases over the billing period, the utility 

pays the consumer an amount equal to the net grid sales (sales minus purchases) 

times the sellback rate, which is often zero. The billing period is one month.
The maximum grid demand is the maximum amount of power that can be 

drawn from the grid. It is a decision variable because of the effect of demand 

charges. HOMER does not explicitly consider the demand rate in its hour-by-hour 

decisions as to how to control the power system; it simply calculates the demand 

charge at the end of each simulation. As a result, when modeling a grid-connected 

generator, HOMER will not turn on the generator simply to save demand charges. 
But it will turn on a generator whenever the load exceeds the maximum grid 

demand. The maximum grid demand therefore acts as a control parameter that 
affects the operation and economics of the system. HOMER may choose to run a 

generator only during times of high grid power price, when the cost of grid power 

exceeds the cost of generator power.

3.6.1 Grid outage modeling

There is no direct method to model the grid outage in HOMER. HOMER choose to 

run a generator only during times of high grid power price, when the cost of grid power 

exceeds the cost of generator power. In order to model the grid outage above 

mentioned feature in HOMER was used. By making the generator to be forced and 

introducing higher rate for grid power as compared with cost of generator power 

during that period, grid outage has been modeled.
In order to figure out the grid outage percentage and its occurrence two studies are 

done for real situations.
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The first study is on grid outages considering the data on standby generator operation 

(2015) at Geological survey & mines bureau - Pitakotte. Figure 3-7 shows total grid 

outage hours in Pitakotte during weekdays and weekends in 2015.

Grid outages hours

g
c

JZ
c
d
Z

Jan-15 Feb-15 Mar-15

■Weekdays ■weekends

Figure 3-7 : Grid outage in year 2015

> Total rounded down time in 2015 weekdays = 60 hours
> Down time as a percentage in weekdays = 60/ (263*24) = 1%
> Total rounded down time in 2015 weekends = 8 hours
> Down time as a percentage in weekends = 8/ (102*24) = 0.3%

The second study is on grid outages considering the data on standby generator 

operation (2016) at “Suhurupaya”, Baththaramulla. Figure 3-8 shows total grid outage 

hours at Baththaramulla during weekdays and weekends in the first quarter of 2016.

Grid outage hours

:
Apr-16Mar-16Feb-16

■ Weekdays ■ Weekends

Figure 3-8 : Grid outage in 2016
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> Total rounded down time in 2016 weekdays — 15 hours (February- April)

> Down time as a percentage in weekdays = 15/ (65*24) = 1%

> Total rounded down time in 2016 weekdays = 0 hours (February- April)

> Down time as a percentage in weekends = 0 %

Assumptions made on grid outage,

X Consider 1 % outage on weekdays and neglect weekend outages.

X By considering actual data maximum outages occurred months are selected. 

Use 3 months weekday time period to simulate grid outage. Selected hours 

(based on occurrence time):

o January 11.00 am - 12.00 pm (Weekdays) 

o May 9.00 am - 10.00 am(Weekdays) 

o November 4.00 pm- 5.00 pm(Weekdays)

Based on these assumptions generator and grid inputs are adjusted as shown in the 

figure 3-9. Tariff category is introduced as grid off with high and generator is forced 

ON during that that period.
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Figure 3-9 : Grid outage modeling in HOMER



Simulation Results
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Figure 3-10 : Simulation results which shows zero energy purchase from when
the grid outage

Figure 3-10 shows that the no energy purchased from grid under the grid off tariff.

X This will also require a modification of the grid feed-in tariff schedule to 

prevent the sale of electricity back to a grid that is not available. We do this by 

altering the HOMER grid inputs for grid feed in tariff to be $0 when the 

“Grid off’ is scheduled. So this will not effect to the net present cost. It affects 

to the net purchases figure. This parameter has not considered in this research.
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3.7 Economic modeling

HOMER uses the total net present cost to represent the life-cycle cost of a 

system. The total NPC condenses all the costs and revenues that occur within the 

project lifetime into one lump sum in today’s dollars, with future cash flows discounted 

back to the present using the discount rate. The modeler specifies the discount rate and 

the project lifetime. The NPC includes the costs of initial construction, component 

replacements, maintenance, fuel, plus the cost of buying power from the grid and 

miscellaneous costs such as penalties resulting from pollutant emissions. Revenues 

include income from selling power to the grid, plus any salvage value that occurs at 

the end of the project lifetime. With the NPC, costs are positive and revenues are 

negative. This is the opposite of the net present value. As a result, the net present cost 

is different from net present value only in sign. All costs in HOMER are real costs, 

meaning that they are defined in terms of constant dollars.

To calculate the salvage value of each component at the end of the project lifetime, 

HOMER uses the equation

C * 
rep Rr

rem5 =
comp

where S is the salvage value, Crep the replacement cost of the component, Rrem the 

remaining life of the component, and Rcomp the lifetime of the component.

For each component, HOMER combines the capital, replacement, maintenance, 

and fuel costs, along with the salvage value and any other costs or revenues, to find 

the component’s annualized cost.

HOMER uses the total NPC as its primary economic figure of merit.

HOMER uses the following equation to calculate the total net present cost:

Cann.tot
Cnpc = CRF(i,/?proj)
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Where Cann;tot is the total annualized cost, i the annual real interest rate (the discount 

rate), Rproj the project lifetime, and CRF() is the capital recovery factor, given by 

the equation

CRF(i, N) =
(1 + 0*-!

where i is the annual real interest rate and N is the number of years. 

HOMER uses the following equation to calculate the levelized cost of energy:

Cann,tot
COE =

Eprim “T ^def £grid,sales

where Cann;tot is the total annualized cost, Eprim and Edef are the total amounts of 

primary and deferrable load, respectively, that the system serves per year, and Egnd;saies 

is the amount of energy sold to the grid per year. The levelized cost of energy is the 

average cost per kilowatt-hour of useful electrical energy produced by the system.

3.8 HOMER simulation results

Simulation results are clearly shown that Type of building (Cluster type), Tariff 

category and Maximum Load demand has great influence to the energy system of the 

building. The optimum net meter solar PV capacity to be installed is changing with 

these three parameters. Chapter 4 gives a comprehensive description in this regard.
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CHAPTER 4

4 SIMULATION RESULTS COMPARISON
For the simulation some parameters such as solar irradiance level, economic 

parameters, PV cost, Inverter cost, Generator cost are constant for all analysis. But the 

tariff category, maximum load demand and load curve is changing accordingly. 

Simulation results shows how the energy system parameters are changing with above 

three parameter.

Figure 4-1 shows, the optimum PV system capacity varies with maximum load 

demand and cluster type in same tariff category (GP2). It clearly shows that the 

optimum PV capacity is highly consumer based. Thus every building should be 

analyzed separately and decided the optimum PV capacity. Considering three 

building energy system is analyzed with the comparison and verified the influence of 

three parameters; Type of building (Cluster type), Tariff category and Maximum Load 

demand.

cases
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2
50

1
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Figure 4-1 : Optimum PV capacity for different clusters with varying maximum
demand
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4.1 Influence of the load curve (Cluster type)

Cost of energy and payback period variation for different clusters with same maximum 

demand and same tariff category is shown in figure 4-2. The minimum point of the 

graph shows the optimum net meter solar PV capacity which minimize the cost of 

energy. For cluster 2 pattern load variation (Government banks, Government offices, 

University faculty, Educational Institute type 1, Embassy offices type 1, High 

commissioner’s offices, Municipal Councils) with tariff category GP2 and 175 kVA 

maximum demand optimum solar PV system capacity is 180 kW whereas for the 

cluster 4 (Financial institute office, Fashion Outlets type 1) load variation with same 

tariff category and maximum demand the optimum solar PV system capacity is 150 

kW. Payback period variation clearly shown that the payback period is increasing 

rapidly beyond the optimum PV capacity point.

n COE 175 kVA MD /GP2: C2 vs. C4 Payback -175 kVA MD /GP2: C2 vs. C4
'■¥

PV system capacity (kW)

----- GP2C? COt (fb) ------GP2C4 COt IHa }

Figure 4-2 : CoE & payback period variation with PV capacity for different
clusters

4.2 Influence of the tariff category

Cost of energy and payback period variation according to the tariff category with same 

demand and same cluster is shown in figure 4-3.maximum
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For cluster 2 pattern load variation (Government banks. Government offices,

University faculty, Educational Institute type 1, Embassy offices type I, High

demand withcommissioner’s offices, Municipal Councils) and 175 kVA maximum 

tariff category GP2, optimum solar PV system capacity is 180 kW and CoE energy is

around Rs.21. For cluster 2 pattern load and 175 kVA maximum demand with tariff 

category GV2, optimum solar PV system capacity is same but CoE energy is around 

Rs.17. Since the grid energy cost is low in GV2 tariff category as compared to GP2,

the payback period is high. User can compare their system considering both category 

and decide whether to install net metered solar PV.

Payback -175 kVA MD/ C2:6P2 vs. GV2

v°
< 9
I ,s
Q 7

I*
P S

PV system capacity I k'A'i

Figure 4-3 : COE & payback period variation with PV capacity for different
tariff schemes

4.3 Influence of the maximum demand
Cost of energy and payback period variation according to the maximum demand with 

tariff category and same cluster is shown in figure 4-4. For cluster 2 pattern load 

variation with tariff category GP2, two systems are considered with 175 kVA 

demand and 150 kVA maximum demand. Optimum solar PV system 

capacity is 150 kW for 150 kVA system and 180 kW for 175 kVA system. This shows 

optimum PV capacity is increasing with maximum demand of the building.

same

maximum
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Figure 4-4 : COE & payback period variation with PV capacity for different
maximum demand

Optimum PV capacity is increasing with maximum demand of a building. Figure 4-5 

shows the optimum system capacity variation with maximum demand for a selected 

cluster (cluster 2) with same tariff category.

Figure 4-5 : Optimum PV capacity variation with maximum demand
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CHAPTER 5

5 ANALYSIS TOOL DEVELOMENT

As described in the Chapter 4, HOMER simulation has done for 114 cases by changing 

the parameters of base model such as tariff category, load curve (cluster type) and 

maximum load demand. For a single case there is an optimum energy combination. 

But this optimum point may not be achievable due to the practical limitations such as 

area limitation, investment cost etc. Therefore other feasible combinations are also 

considered to develop this database tool. This tool gives the optimum net meter solar 

PV capacity which minimize the cost of energy and other feasible combinations with 

payback period. The output graphically shows how the system parameters such as 

CoE, payback period, area requirement, solar PV system cost and renewable energy 

percentage varies with feasible PV combinations. And also this can be used to compare 

other feasible system with optimum PV capacity.

Always the best energy combination is the one which gives minimum CoE. User can 

select other feasible solar PV systems as well but they should be always less than the 

optimum one in order to minimum payback period. With the net metering concept, 

solar PV installation than the optimum capacity is not economically viable.

5.1 Tool development

Figure 5-1 illustrates the algorithm used for tool development. Selected results from 

HOMER simulation such as PV system cost, capital cost, replacement cost, O &M 

cost, cost of energy, renewable fraction, simple payback period, discounted payback 

period etc, are extracted and stored in an Excel based database .
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Figure 5-1 : Tool development algorithm

Microsoft visual basic in excel is used for programming to plot the selected parameters 

to see the variation with PV installed capacity. Homer results are compared to select 
best suitable energy combination based on system cost and area limitations. Those 

comparison shows how the cost of energy and renewable energy fraction varies with
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solar PV capacity, how the PV system cost and area requirement varies with solar PV 

capacity and how the simple and discounted payback periods are varies with solar PV 

capacity.

5.2 Data retrieval from the tool

Microsoft visual basic in excel is used for programming to retrieve the relevant data 

from the database. Annexure 6 contains all the programming codes. Front page of the 

tool contains all necessary instruction to user for data obtaining from this tool which 

is shown in figure 5-2. There is a table which describe the cluster with example 

installations and applicable tariff category. Annexure 1 contains load curve pattern of 

all clusters considered [12].Annexure 2 contains current tariff category details in Sri 

Lanka.

Techno- economic analysis of grid connected PV-diesel hybrid 
system for building sector in Sri Lanka

Press Ctrl+D to select your system parameters. Select the applicable tariff catergocy, 
maximum demand and the relavant cluster as the below table

Possible tariff 
catregoriesExample installationsCluster

Government banks, Government ofaces. University faculty , Educational
Institute type 1 , Embassy offices type 1, High commissioner’s offices. 
Municipal Councils _________________________________

GV2.GP2Clu5ter2

financial institute omce, Fashion Outlets type 1 GP2Cluster 4
Private banks, Private company offices ripe 1, Insurance otuees GP2ChisterS

Show rooms(sht«5), Apartments GP2Cluster 6
Hospitals type 1, Embassy office type 2, Institute type 2, Private 
company office type 2 GV2.GP2Cluster?

Utility service officers, Hotel type 1 GP2.H2Clusters
GY2. GP2.H2Hotels type 2, HospitalsCluster 9

H2Hotels type 3Cluster 12
GV2.GP2PrisonsCluster 13

Super markets(consumer goods, electrical items), Food outlets. Fashion
Outlets type 2______ _________ ___________________________
Railway Stations, Hotel type 4 _

GP2Ouster 14
GP2.H2Cluster 16

Fashion Outlets type 3, Private company office type 3 GP2Cluster 17

Figure 5-2 : Front page of the analysis tool
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By pressing (Ctrl+D ), a window will popup which contains 3 selectable inputs. User

demand and load profilecan select these inputs; tariff category, average maximum 

(cluster type) based on their building with the details in front page. By pressing the

“Build” button, the tool will give the relevant details to the user required building. By 

pressing the “Clear” button, user can delete his requirement and select parameters 

again and By pressing the “Exit” button, user can exit from the window. Figure 5-3 

shows the input window with selectable inputs and the error message if the selected

combination is not existing.

If the selectable inputs are possible then the tool will display all possible feasible PV 

systems and its techno economical details with comparison graphs otherwise it give an 

error message which says “NOT REAL. Check your input parameters as the given 

table in front page”.

INPUT SELECTION

31Tariff Catsrgory

31c,'Load Profile
;a 3f:Avg Max Demand

!ExitCLEARBUILD

v!

Microsoft Excel

NOT REALChedc your input parameters as the given table in front page

OK

Figure 5-3 : Input window & error message
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If the input combinations are existing then the output window as shown in the figure 

5-4 will pop-up. Figure 5-5 illustrates the algorithm of data retrieval from the tool.

START 4

1 f y ry r

Tariff
Catergory

Maximum
demand

Load
profile

NO

Collect
User

inputs

System Database

Check whether input parameter 1
combination is available \

YES

i
/Give the optimized grid \ 
connected PV-diesel hybrid 

system
\ parameters

Figure 5-5 : Data retrieve algorithm from analysis tool
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CHAPTER 6

6 VALIDATION

6.1 Simulation validation
A base case was developed using HOMER using data which are same for all other 

cases such as generator cost, PV cost, solar irradiation etc. and variable data such as 

tariff scheme, generator capacity, load profile etc. This simulation has validated for 

two actual situations before the analysis of all other cases. These validations are shown 

that the simulation gives results much closer to actual case.

6.1.1 Study 1: Geological survey & Mines bureau (GSMB) - Pitakotte

25 kW net meter PV system was installed since 2014 and they have added another two 

15 kW systems in 2016 . For this validation 25kW system is considered for the year 

2015 and 55kW is considered for 2016. They have a 175 kVA standby generator. 

GSMB electricity bill shows 100 kVA maximum demand but they have done power 

factor correction since they have laboratories with a large number of motors. For this 

simulation 0.8 PF is considered. Assuming unity power factor lOOkW peak demand is 

maintained at load profile for simulation validation. This is a government office 

building which has the cluster 2 load pattern shows in figure 6-1. They are paying for 

electricity under the tariff category GP2.

Normalized average kVA profile of duster 2

0.9
0.8
0.7
0.6
0.5
0.4
0.3
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0.1
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1 g §
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Figure 6-1 : Load variation pattern related to study 1 for simulation validation
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6.1.1.1 Actual data- Study 1

Table 6-1 shows actual data solar PV generation and electricity consumption for the 

year 2015 and till April 2016. Considering their consumption average renewable 

fraction is tabulated in last column.
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Ren.
Fracti

Average
ren.
Fraction

Total
consumpt

Grid consumption (kWh)Solar PV units (kWh)

Off Peak Total grid 
units

25 kW 
system

15 kW at lab 
building

Peak Day ion15 kW at 
main building

Year Total
Solar units

Month on
:%)(%)(kWh)

27.0 2821924160022985 110252016 5922 1992January 3056 1645 1221
30.12251810347 157362186 3203February 67823160 1906 1716

28156 27.7203464006 135577810 2783March 18653700 2245
29.025530181153633 12104April 1612 7415 23783666 2137

20125201252015 January
1871318713February

22267 22267March
1956319563April
1989219892May

11.923272 14205092763June
24826217433083July
22369191543215August

17068 19775September 2707
17064 20143October 3079
15994 18580November 2586
16888 19523 13.51704 2644 12540December 2635
19082Average

Table 6-1 : Actual data for study 1 for simulation validation



Actual average renewable fraction before 2016 is 14%, in 2016 28 %. Total average 

grid consumption is 19082 kWh units. Electricity bill and solar generation details at 

Geological survey & Mines bureau (GSMB) - Pitakotte are attached as annexure 3.

6.1.1.2 Simulation results- Study 1

Table 6-2 summaries the simulation results for GSMB building which shows the COE, 

renewable fraction and simple payback period. Figure 6-2 shows simulation results on 

electricity production and figure 6-3 shows simulation results on power consumption.

PV capacity (kW) COE ($) Ren.
Fraction

Simple payback 
period

180 0.144 72% 5.04

200 0.147 76% 5.45

4.83150 0.15 66%

5.9678%0.153220

4.7348%0.169100

4.6940%0.17880

4.6530%0.18660

4.6528%0.18855
4.6220%0.19640
4.6415%0.19930
4.6813%0.20225
4.838%0.20615

Table 6-2 : Simulation results for study 1 for simulation validation
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Figure 6-2 : Simulation results on monthly average electricity production for study 1
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Figure 6-3 : Simulation results on power consumption for study 1

Figure 6-3 shows how the energy consumption from the grid and the average peak 
demand is 100 kW.

6.1.1.3 Simulation results comparison - study 1

Table 6-3 compares actual data and simulation results on grid consumption and 

renewable energy fraction which validate the simulation.

Simulation ResultsActual dataParameter

28%28%Average Renewable energy fraction
with 55 kW PV _ — 13%14%Average Renewable energy fraction
with 25 kW PV ________ 18815 kWh

(225777 / 12)
19082 kWhAverage energy purchased from grid

per month ___ ____  —-----

41



Table 6-3 : Results comparison for study 1 on simulation validation

Study 2: ELS Lanka (Pvt) Ltd 
This building is located at no 62/3, Neelammahara road, Katuwawala, Boralesgsmuwa.

There is 30 kW net metered PV system in this building. They have a 50 kVA standby 

generator. This is a government office building which has the cluster 2 load pattern. 

They are paying for electricity under the tariff category GP1. Their Average daily 

power consumption is 260 kWh.

6.1.2

6.1.2.1 Actual data- Study 2

Month Grid
consumption 
(kWh Units)

Solar
production(kWh

Units)

Ren.
Fraction

Total
consumption(kWh

Units)

Jan-15 3767 3091 45%6858
Feb-15 3205 3124 6329 49%
Mar-15 2544 3940 6484 61%
Apr-15 3682 3703 7385 50%
May-15 4332 2254 6586 34%
Jun-15 4332 2730 7062 39%

2454 6036 41%Jul-15 3582
2260 7514 30%5254Aug-15
2039 7135 29%5096Sep-15

5884 11%6645220Oct-15
7130 32%23044826Nov-15
6728 38%25584170Dec-15
7388 37%27034685Jan-16
8223 40%32904933Feb-16
8793 44%38584935Mar-16
7468 55%40823386Apr-16
8261 34%27955466May-16
7133 45%28154319Average
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Table 6-3: Actual data for study 2 for simulation validation 

Table 6-3 shows actual data solar PV generation and electricity consumption for the 

year 2015 and till May 2016. Average grid consumption, average solar production and 

average renewable fraction is shown in the table 6-3. Electricity bill and solar 

generation details at ELS Lanka (Pvt) Ltd are attached as annexure 4.

6.1.2.2 Simulation results - Study 2

Table 6-4 summaries the simulation results for ELS Lanka (Pvt) Ltd building which 

shows the COE, renewable fraction and simple payback period. Figure 6-4 shows 

simulation results on electricity production and figure 6-5 shows simulation results on 

power consumption.

PV capacity (kW) COE ($) Ren. Fraction Simple payback period (years)

70 0.098 5.4979%

75% 5.260 0.101

6.282%0.10780

5.1769%0.11250

5.2160%0.12540
5.2647%0.13730
5.3140%0.14325
5.5325%0.15615

Table 6-4 : Simulation results for study 2 for simulation validation
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Figure 6-4 : Simulation results on electricity production for study 2
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Figure 6-5 : Simulation results on power consumption for study 2
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6.1.2.3 Simulation results comparison - study 2

Table 6-5 compares actual data and simulation results on grid consumption and 
renewable energy fraction which again validate the simulation.

Parameter Simulation ResultsActual data

Average Renewable energy fraction
with 30 kW PV

45% 47%
Average energy purchased from grid
per month

4319 kWh 4361 kWh 
(52340/ 12)

Table 6-5 : Results comparison for study 2 on simulation validation 

6.2 Analysis tool validation

To verify the developed tool, two actual cases considered. This tool gives techno 

economical details on energy system which is much similar to actual situation. This 

verifies that the user can use this tool to get correct idea on their building energy system 

and can be used to decide on future net meter solar PV system.

6.2.1 Study 1 - “Food City Nawala”: No 264, Nawala Road, Rajagiriya

60 kW net metered PV system has been installed in 2014 September at cost of 11.8 

million rupees. They have 100 kVA standby generator. Their electricity bills shows 75 

kVA average maximum demand. 396 m2 area was utilized to install 60 kW solar 

system. The PV system was expected 6900 kWh average PV units monthly. The 

applicable tariff category is GP-2. Since this is a supermarket (consumer goods) cluster 

14 pattern is considered as load profile. Annexure 5 contains few electricity bills and 

solar PV performance at “Food City Nawala”: No 264, Nawala Road, Rajagiriya.
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6.2.1.1 Actual data - study 1

Table 6-6 summaries grid consumption at (electricity account number: 0103133008) 

at Cargills food city Nawala and also average consumption is shown and table 6-7 

summaries solar power generation for one year period. Electricity bill and solar 

generation details at Cargills food city Nawala are attached as annexure 5.

Stage Month Grid consumption (kWh) kVA units
Day Peak Off-peak

Without
solar net 
metering 
system

November 2013 19,720 7,092 5381 80
March 2014 21,153 7,466 6160 80
April 2014 19,465 6492 5632 77
August 2014 19,597 6545 5654 84

With 60
kW solar

September 2014 12308 6308 5191 75
October 2014 12031 6266 5152 72

net December 2014 13002 6047 5445 72
metering
system

January 2015 11456 6137 5051 71

Average 12200 6190 5210 73

Table 6-6 : Electricity bill summary at Cargills food city Nawala

Simple calculation is done to find out average annual grid consumption, renewable 

fraction, CoE and simple payback period. Standby generator is not considered for this 

calculations.

Average monthly grid consumption = (12200 + 6190 + 5210)
= 23,600 kWh

Average annual grid consumption ~ 23,600 *12 — 283,200 kWh
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Month PV units
production

(kWh)
September 2014 5968
October 2014 6570
November 2014 5377
December 2014 5195
January 2015 7034
February 2015 6912
March 2015 8022
April 2015 7734
May 2015 6854
June 2015 5803
July 2015 7105
August 2015 7259
Total for 1 year period 79833

Table 6-7 : Solar system performance

As shown in the table 6-7, annual PV unit production is 79,833 kWh units

Ren. Fraction = (Annual PV unit production)

/(Average annual grid consumption 

— Annual PV unit production)

= 79,833/ (283,200 - 79,833) = 39 %

According to the electricity bills, average monthly electricity bill after PV installation 

is Rs. 570,000.00.

CoE =(Average monthly electricity bill / Average monthly grid consumption) 

= 570,000/23,600 = Rs. 24.15

6o kW solar system is expected to generate 6900 kWh units per month. By considering 

the day time tariff rate average saving per year can be calculated.

Average saving per year= 6900 * 21.8 *12- Rs. 1,805,040.00

Simple payback period = (Project cost / Annual saving)

Simple payback period =11,800,000 / 1,805,040 = 6.53 years
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6.2.1.2 Tool output for study 1

According to the Electricity bill (Acc: 0103133008) at Cargills food city Nawala, their 

maximum demand is around 75 kVA and they are under GP2 tariff category. Foodcity 

is a consumer goods supermarket which is belong to cluster 14 which has load 

variation pattern shown in figure 6-6.

NorauBzrd averaged kVA profile of dostrr 14

« }------
0.8 *-------------
0.7 4-------------

!

as
0.5 -j—
0.4 f*— 5 !
0.3
0-1 .------
0.1 i-----

° mfunmmmum iimi iMiTi§ i § i § 11 g i g ggs'
Figure 6-6 : Load variation pattern related to study 1 for tool validation

Figure 6-7 shows tool output for grid connected solar PV system which contain 

optimum PV capacity and other feasible system capacities as well. According to the 

tool output for CoE & payback period shown in figure 6-8 optimum solar PV capacity 

which minimize the CoE is 80 kW. But they have installed 60 kW due to the area 

limitation. It is also feasible.
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Figure 6-7 : Tool output for study 1 for tool validation
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6.2.1.3 Comparison of Actual d
ata and too output for study 1

Table 6-8 compares actual data and simulatio
whichtandate the'devdojed’“ ^ peri°d f°r PV systemn results on PV system cost, CoE,

Parameter Actual data Tool
Results

PV system cost (Rs.) 11,800,000

(in 2014)

10,037,625

Cost of energy (Rs.) 24.15 27.45

Renewable Fraction 39% 42%

Average area requirement (m2) 396 408

Simple payback period for PV
system (years)

6.53 5.03

(If project cost is 10,037,625 
this become 5.56)

6.17Discounted payback period for 
PV system (years)

Table 6-8 : Comparison of actual and tool output for study 1
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6.2.2 Study 2 - 

Pitakotte
Geological survey & mines bureau

- 569, Epitamulla road

25 kW net metered PV system w taalled ^ ^ ^ ^

TeTw S°lar PV 8ener,,k,n 2’750 ^ *»« added another
two 15 kW systems in 2016 at a

monthly production. Expected total PV
cost of 5.15 million rupees with 3400 kWh units

generation is 6150 kWh per month. This is a 
government office building which has the cluster 2 load pattern shows 

They are paying for electricity under the tariff category GP2. 

shows average maximum demand of 175 kVA. Annexure 3 shows few electricity bills 

and solar PV generation at Geological survey & mines bureau - Pitakotte.

in figure 6-1. 
Their electricity bills

6.2.2.1 Actual data - study 2

Table 6-1 shows the actual data for study 2 Geological survey & mines bureau — 569, 
Epitamulla road, Pitakotte. It shows average monthly grid consumption as 19,082 kWh 

and actual renewable fraction as 28 %. With reference to their electricity bills average 

monthly electricity bill after PV installation is Rs. 425,000.00.

Simple calculation is done to find out CoE and simple payback period. Standby 

generator is not considered for this calculations.

CoE = (Average monthly electricity bill / Average monthly grid consumption) 

= 475,000/19,082 = Rs. 24.89

55 kW solar system is expeeted to generate 6150 kWh units per month. By considering 

the day time tariff rate average saving per year can be calculated.

= 6150 * 21.8 *12= Rs. 1,608,840.00Average saving per year

Simple payback period - (Project cos. / Annual saving)
=9,350,000/1,608,840 = 5.81 years

Simple payback period
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6.2.2.2 Tool output for study 2

Figure 6-9 shows tool output for grid connected solar PV system which contain 

system capacities as well. According to the 
tool output for CoE & payback period shown in figure 6-10 optimum solar PV

ey have installed 55 kW.

optimum PV capacity and other feasible

capacity which minimize the CoE is 180 kW. But th
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Figure 6-9 : Tool output for study 2 for tool validation
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Cost of Energy & Ren. Fraction Variation Payback period

Figure 6-10 : Tool output for CoE & payback period for study 2

55



6.2.23 Comparison of actual d
ata and tool output for study 2

CoE^renewlble^averale31 ^ ^ simuIation results at GSMB on PV system cost, 
which again validate the d^Td™ ** ^ ***** ?V

Parameter Actual data Tool Results
PV system cost ( Rs.) 9,350,000 9,224,465
Cost of energy (Rs.) 24.48 27.26
Renewable Fraction 28% 28%
Average area requirement (m2) 363 374

Simple payback period for PV system (years) 5.81 4.65

Discounted payback period for PV system (years) 5.61

Table 6-9 : Comparison of actual and tool output for study 1
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CHAPTER 7

7 CONCLUSION & DISCUSSION

This research was done to analyze building energy system with net meter solar PV 

technically and economically. Various types of buildings are considered in this 

research.

Optimum solar PV capacity to be installed is depend on tariff category, solar 

irradiation, building load profile and maximum demand of the building. But there was 

friendly method to analyze the feasibility of PV installation and its outcomes 

for commercial buildings in Sri Lanka without doing an analysis by an expert. From 

this research intelligent tool is developed which is very easy to use by anyone without 
expertise.

• User can select optimum solar PV capacity to be installed and get details on 

investment cost, cost of energy, payback period etc.

• If the user cannot go for the optimum PV capacity due to the limitations such 

as cost or area, then he can select whatever the possible capacity using this tool. 

It can be used to decide whether to install solar and if installed what the

no user

payback period is.

• This tool can be used even with the conceptual design stage of the building 

with estimated electrical demand. That will help to utilize the area for solar 

panels and project cost also.

• When consider the government sector projects, this tool will help to do proper 

budgetary allocations for net meter solar PV system at the initial stage. This 

will avoid extra bud
solar PV installations, can see• Any user without much knowledge on net meter

the feasibility of it without having consultancy from soar panel providers.
considered. In 2016In this research only the net meter solar PV installation is

concept called “Battle for solar energy” which has threegovernment introduced 
options; net metering, net accounting and net plus. In net plus, the electricity

production and the consumption are independent. So no need to optimize the capacity.

a
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But this can be included net 

HOMER which has the provision for this 

developed to decide the most feasible 

accounting and net plus.

Sensitivity analysis are not included in this tool. But this tool can be further developed 

by adding sensitivity analysis for solar irradiation, tariff scheme changes etc.

accounting concept using the same simulation software 

concept as well. Further this tool can be 

soar installation method; net metering, net
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ANNEXURE 1: Load profile for clusters

Normalized averaged kVA profile of cluster 4
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Normalized averaged kVA profile of cluster 8
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Normalized averaged kVA profile of cluster 9
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Normalized averaged kVA profile of cluster 14
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Normalized averaged kVA profile of cluster 16
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ANNEXURE 2: Tariff category description 

General
ho spitalsfeducatin™f° “ shops’offices’ banks> warehouses, public buildings,

covered under any other tariffs. of entertainment 311(1 other Premises not

Customer Category GP-1

?° ^uPP^es at each individual point of supply delivered and metered 
at 400/230 Volt nominal and where the contract demand is less than or equal to 42 kVA.

Consumption per 
month(kWh)

Energy Charge 
(LKR/kWh)

Fixed
Charge(LKR/month)

Maximum Demand 
Charge per 

month(LKR/kV A)
<301 18.30 240
>300 22.85

Table 1- Tariff Applicable for General-1 Customers

Customer Category GP-2

This rate shall apply to supplies at each individual point of supply delivered and metered 
at 400/230 Volt nominal and where the contract demand exceeds 42 kVA.

Maximum 
Demand Charge

FixedEnergy
Charge

(LKR/kWh)

Time Intervals
Charge(LKR/month)

per
month(LKR/kVA)

1,1003,00026.60Peak (18.30-22.30)
21.80Day (5.30-18.30)
15.40Off-peak (22.30-05.30)

Table 2- Tariff Applicable for General-2 Customers

Government Category

budget and provide their services Bee of charge to the general publtc.



Customer Category GV-2

It400/230VoltnomLrandwhere the point of supply delivered and metered
contract demand exceeds 42 kVA.

Energy Charge 
(LKR/kWh)

Fixed Charge(LKR/month) Maximum Demand Charge 
per month(LKR/k V A)14.55 3,000 1,100

Table 3- Tariff Applicable for Govemment-2 Customers

Hotel
Supply of electricity used for hotels approved by the Sri Lanka Tourism Development 
Authority.

Customer Category H-2

This rate shall apply to supplies at each individual point of supply delivered and metered 
at 400/230 Volt nominal and where the contract demand exceeds 42kVA.

Maximum 
Demand 

Charge per 
month

Fixed
Charge(LKR/month)

Energy Charge 
(LKR/kWh)

Time Intervals

(LKR/kVA)
1,1003,00023.50Peak (18.30-22.30)

14.65Day (5.30-18.30)
9.80Off-peak (22.30-05.30)

Table 4- Tariff Applicable for Hotel-2 Customers



ANNEXURE 3: GSMB electricity bills and PV system performance

GSMB Monthly report

Ocvices/PV system Gesamtertrag 
Meter Change [kWh] 

November 2015

2586.32

Gesamtertrag 
Merer Change [kWh] 

2015
25129.03

GSMB

! 2586.32
[Total

25129.03
[Total

from 11/1/2015 to 11/30/2015

■ Total yield [kWh] GSMB

Figure 1- PV system performance in November 2015

GSMB Monthly report
Gesamtertrag 

Meter Change [kWnJ 
2016

3056.77

Gesamtertrag 
Meter Change [kWhJ 

Januar/2016
3056.77

■

DevIces/PV system
i
i GSMB--" 3056.77

[Total
3056.77

[Total)
’

:

from 1/1/2016 to 1/31/2016
HO
120 mnuih100

I iilllllI
Iilllll* 2 £ £ S| | s i |£££a

■ Totil yield [kWh) GSM8 |

formance in January 2016Figure 2- PV system per
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ANNEXURE 4: ELS Lanka (Pvt) Ltd electricity bills and PV system performance

SUNNY PORTAL

us cofornucnofi (pvt _
Annual Comparison | ELS CONSTRUCTION (PVT) LTD

W lyihm Overview

PV 5yvtem Prom* Total yleM SpMMcPVSflMm Yield
Energy and newer 
Annuel Cwnptriwn 
nr System HoMtorin) 
PV5y»tem logbook:8732

ArufyiU

Vktiiilinlltfii

I
CtmrVjurJtton

i

l ;•'
l

Sj ES
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Figure 1- PV system performance from 2014 November to 2016 June
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and PV

Daily production of thP fin m» ^hr.. Item for the Month of Qrt< >r, 2014
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Figure 1- PV system performance in October 2014
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The last bill received before solar system began to function on 4th September, 2014
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The first ever bill received after solar system began to function from 4“ Septembe
r, 2014

l,AkS<A Electricity Company (Private) Limited
KOTTC BRANCH: 450/1, Nawai* Road, Koswarta Junction, Rajag.nya.
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ANNEXURE 6: Visual basic code used for tool development
Private Sub CommandButtonl CIick() 
Dim a, b, c, d As String 
Dim e, f, g, h As Integer
g = 2
For h = 1 To 100 
Sheetl.Cells(h, 1). Value ="" 
Sheetl.Cells(h, 2).Value = 
Sheetl.Cells(h, 3).Value = "" 
Sheetl.Cells(h, 4).Value ="" 
Sheet l.Cells(h, 5).Value = 
Sheet 1 .Cells(h, 6). Value = 
Sheetl.Cells(h, 7).Value = 
Sheetl.Cells(h, 8).Value = 
Sheetl.Cells(h, 9).Value = 
Sheetl.Cells(h, 10).Value = "" 
Sheet l.Cells(h, 1 l).VaIue= "" 
Sheet l.Cells(h, 12).Value = 
Sheet l.Ce!ls(h, 13). Value = nn 
Sheet 1.Cel ls(h, 14).Value = 
Sheet 1.Cel ls(h, 15).Value = 
Next h
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For e = 2 To 1500 
'a = ComboBoxl .Text 
a = ComboBox2.Text 
b = ComboB ox3. Text 
c = ComboB ox4.Text
If Sheet3.Cells(e, 1).Value = a And Sheet3.Cells(e, 2).Value = b And Sheet3.Cells(e, 
3).Value = c Then

For f=gTog

Sheetl.Cells(l, l).Value= "PV & inverter capacity (kW)" 
Sheetl .Cells( 1,2).Value = "PV system cost ($)" ^ 
Sheetl.Cells(l, 3).Value = "PV system cost (Rs.)"
Sheetl .Cells(l, 4).Value = "Capital cost ($)" ^
Sheetl .Cells(l, 5).Value = "Capital cost (Rs.)"
Sheetl .Cells(l, 6).Value = "Replacement cost ($)
Sheetl.Cells(l, 7).Value = "Replacement cost (Rs.)
Sheetl.Cells(I, 8).Value = "O & M cost ($)"
Sheetl ,Cells(l, 9).Value = ”0 & M cost (Rs.)" ^
Sheet l.Cells(l, 10). Value = "Cost of energy $)
Sheetl .Cells( 1, 11).Value = "Cost of energy (Rs.)
Sheetl.Cells(l, 12).Value = "Ren. Fract.on



Sheetl.Cells(l, 13).Value = "Simple pay back period" 
Sheetl.Cells(l, 14). Value = " P
Sheet 1.Cel ls(l, 15). Value =

"Disconted pay back period" 
Average area requirement"

Sheet l.Cells(f, l).Value = Sheet3.Cells(e,4).Value 
Sheetl.Cells(f, 2).Value= Sheet3.Cells(e, 5).Value 
Sheetl.Cells(f, 3).Value= Sheet3.Cells(e, 6).Value 
Sheet l.Cells(f, 4).Value = Sheet3.CelIs(e, 7).Value 
Sheet l.Cells(f, 5).Value = Sheets.Cells(e, 8).Value 
Sheetl.Cells(f, 6).Value = Sheet3.Cells(e, 9).Value 
Sheet l.Cells(f, 7).Value= Sheet3.Cells(e, 10).Value 
Sheetl.Cells(f, 8).Value = Sheet3.Cells(e, 11).Value 
Sheetl.Cells(f, 9).Value = Sheet3.Cells(e, 12).Value 
Sheet 1.Cel ls(f, 10). Value = Sheet3.Cells(e, 13).Value 
Sheet l.Cells(f, 11). Value = Sheet3.Cells(e, 14).Value 
Sheet l.Cells(f, 12).Value = Sheet3.Cells(e, 15).Value 
Sheet l.Cells(f, 13).Value = Sheet3.Cells(e, 16). Value 
Sheet l.Cells(f, 14).Value= Sheet3.Cells(e, 17). Value 
Sheet l.Cells(f, 15).Value = Sheet3.Cells(e, 18).Value 

g = g+ 1 
Next f 
'Else
'MsgBox ("Not Available")
'Exit For 
End If

Next e
If Sheet! .Cells(l, 1). Value = "" Then
MsgBox ("NOT REAL.Check your input parameters as the given table in front page ) 

End If

Sheetl. Activate 

End Sub

Private Sub CommandButton2_Click() 
Unload Me 
End Sub

Private Sub CommandButton3__Click()
Dim h As Integer 
For h = 1 To 500 
Sheetl.Cells(h, l).Value = ""
Sheetl.Cells(h,2).Value 
Sheetl. Cells(h,3).Value = ,,n

__ I'M



Sheetl .Cells(h, 4).Value = 
Sheetl.Cells(h, 5).Value = 
Sheetl.Cells(h, 6).Value = 
Sheetl .Cells(h, 7).Value = "" 
Sheetl.Cells(h, 8).Value="" 
Sheetl.Cells(h, 9).Value = 
Sheetl.CeIls(h, 10).Value = " 
Sheet l.Cells(h, 11).'Value =" 
Sheetl.Cells(h, 12).Value=" 
Sheetl .Cells(h, 13). Value = " 
Sheetl.Cel ls(h, 14).Value=" 
Sheetl.Cells(h, 15).Value=" 
Nexth 
End Sub
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Private Sub UserForm_Activate() 
'ComboBoxl.Addltem "Colombo" 
ComboBox2.AddItem "GV2" 
ComboBox2.AddItem "GP2" 
ComboBox2.AddItem "H2" 
ComboBox3.AddItem "Cluster 2" 
ComboBox3.AddItem "Cluster 4" 
ComboBox3.AddItem "Cluster 5" 
ComboBox3.AddItem "Cluster 6" 
ComboBox3.AddItem "Cluster 7" 
ComboBox3. Addltem "Cluster 8" 
ComboBox3.AddItem "Cluster 9" 
ComboBox3.AddItem "Cluster 12" 
ComboBox3.AddItem "Cluster 13" 
ComboBox3.AddItem "Cluster 14" 
ComboBox3.Addltem "Cluster 16" 
ComboBox3.Addltem "Cluster 17" 
ComboBox4.Addltem "140kW/175kVA" 
ComboBox4.Addltem "100kW/125kVA 
ComboBox4. Addltem "120kW/150kVA 
ComboBox4. Addltem "80kW/100kVA 
ComboBox4.Addltem "60kW/75kVA" 
ComboBox4.Addltem "40kW/50kVA" 

End Sub
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Sub Macro 1()
' Macro 1 Macro 
' Keyboard Shortcut: Ctrl+d 
UserForml.Show 

End Sub




