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HOMER

Homer (Hybrid Optimization Model for
Electric Renewables)

HOMER models
micropower systems
with single or multiple
power sources:

Photovoltaics
N ¥ Wind turbines
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m ‘Ff Tt : Run-of-river hydro
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Diesel and other
i reciprocating engines

Cogeneration
Microturbines

The Micropower
Optimization Model

Simulation Batteries
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Optimization n [ _ 8 Fuel cells

Sensitivity Analysis Electrolyzers



Homer — a tool

A tool for designing micropower systems
Village power systems
Stand-alone applications and Hybrid Systems
Micro grid

Fuel cells

Small hydro

Batteries

Diesels

Microturbines

FMae mrﬂm:mm Lakoratary 5




Homer - capabillities

Finds combination components that can

service a load the lowest cost with
answering the following guestions:

Should | buy a wind turbine, PV array, or
both?

Will my design meet growing demand?
How big should my battery bank be?
What if the fuel price changes?

How should | operate my system?
And many others...




Homer - Features

Simulation—Estimate the cost
and determine the feasibility of it
a system design over the 8760 .
hours in a year / Opimizatior \
Optimization—Simulate each | / Simulation \ |
system configuration and \ \_ (Energy ama@ ]
. . N B
display list of systems sorted by \\H_:::‘_‘_#//
net present cost (NPC) —
Life-Cycle Cost:

Initial cost — purchases and installation
Pyl

Cost of owning and O&M and wind
replacement 15% Battery I

NPC: Life-cycle cost expressed as

a lump sum in “today’s dollars”
Sensitivity Analysis—Perform an
optimization for each sensitivity
variable

Total Annualized: $ 2204w




Features

Homer can accept max 3 generators
FOSSII Fuels Generator A ?:c%l.oad
Biofuels S el
Cogeneration = & Enerster
g I Hydrngj tank Mic%llg‘ Corter
Renewable Technologies
|‘ P A DC
SOlar PV Eleci%lyzer %l
W|nd Thermal Load  Boiler
Biomass and bhiofuels
Eﬂ}d—d
o - et o 9
Emerging Technologies 145KW peak 1 ElecicLoad
Fuel Cells gﬂ—" 93 kW peak 4—@
Microturbines > [
Small Modular biomass Converter
Grid Connected System C o
Rate Schedule, Net metering, and e Bate Schedhe

Demand Charges

Grid Extension

Breakeven grid extension distance:
minimum distance between system and
grid that is economically feasible
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Features

Loads
Electrical
Thermal
Hydrogen
Resources
Wind speed (m/s)
Solar radiation (kWh/m?2/day)
Stream Flow (L/s)
Fuel price ($/L)

- W
Hydrogen tank  Hydrogen load

&

Electrolyzer

&

Prirnany Load 1
10 Kw'h'd

v
Primany Load 2
2 kKwhid

2]
Deferrable Load
5 kw'hid
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How to use HOMER

1. Collect Information S 275 Sl iemoked
Electric demand (load) —r ] Opiizstan R |
Energy resources B
2. Define Options (Gen, Grid, etc) ng Rl 21 (0B daf
3. Enter Load Data pmB 1 1o Lm o wm
4. Enter Resource Data I
5. Enter Component Sizes and Costs | S =
6. Enter Sensitivity Variable Values |
/. Calculate Results
8. Examine Results —r

Caveat: HOMER is only a model. HOMER does not
provide "the right answer" to questions. It does help you
consider important factors, and evaluate and compare
options. 10




HOMER Users
System designers:
evaluate technology options - E‘é’f-,-_'%? —

Project managers: - (NGO)
_ 268 (5.55%)
evaluate costs of different MY IS |
options 858 (17.75%)
Program managers:
explore factors that affect system L :
. . - For-profit corporation
design (resource availability, fuel 1004 (20.77%)
price, load size, carbon
emissions, etc.) _
HOMER Users Worldwide
Educators: b
Over &1, 795 users
teach and learn about renewable
energy technologies P 193 countries
4 1,500+ new users per month

11



HOMER software
NREL - Homer Ener

| { 'HOMER - Analysis of micropow... | +

€ | & hitps;//ana ysis.nrel.gov/homer/

oo | ' 3
s HOMER 1
v T
.THE OPTIMIZATION MODEL FOR DISTRIEUTED POWER ml
New Distribution Process for NREL's HOMER Model
Overview Note! HOMER is now distributed and supported by HOMER Energy

User Interface {(www.homerenergy.com)
Yerson HSEON | 5 st the renewabie energy incustr| B HOMER Renewable Energy Soft...| + |

N NREL started developing HOMER in 1993

kR 5} charge by more than 30,000 individuals| . € homerenergy.com/software.ntm
and universities worldwide. - [’E
Software (Visit HOMER HOMER is a computer model that simpli
Energy) both off-grid and grid-connected powe| HOME | SOF
Gething Started Guide distributed generation (DG) applicationg
(PDF File, 720 kB) algorithms allow the user to evaluate t
EFUChL_”E (English) number of technology options and to a
(PO iz, 222 kE.” energy resource availability, and other
Brochgre ErEmEiL renewable energy technologies:
{PDF File, 1.3 MB)
N R ELgOV/homer SOFTWARE HOMER is a computer model that simplifies the
H Download HOMER task of designing distributed generation (DG)
Omerenergy.com Support systems - both on and off-grid. HOMER's
optimization and sensitivity analysis algorithms
User Interface allow you to evaluate the economic and technical
Documentation feasibility of a large number of technology options

Getting Started and to account for variations in technology costs
Guide (PDF) and energy resource availability. Originally




HOMER download

Get the “LEGACY” version free
Registration required

Or, get the installation file from me.

SOFTWARE
Download HOMER
Support

User Interface
Documentation

Gattinn Startad

Optimizing Clean Power Everywhere

Energy Modeling Software for Hybrid Renewable
Energy Systems

Try HOMER Now!
The HOMER energy modeling

software is a powerful tool for (TRY HOMER)
designing and analyzing
hybrid power systems, which
contain a mix of conventional generators, combined heat and power,
wind turbines, solar photovoitaics, batieries, fuel cells, hydropower,
biomass and other inputs. It is currently used all over the world by
tens of thousands of people.

Or View More Information

Please log in to download or renew HOMER software, download files, or update '

Please select one of the following:

ExistingUsers | | have registered and have a password.

NewUsers | | neeq to register for the first time.

Try HOMER

HOMER 2 is the supported version of the HOMER software for modeling and optimizing
microgrids

HOMER 2 is available at no cost and no obligation for a 2 week [rial period No credit card

or payment information is required to try the software. The frial version is fully
functional

If you wish to license HOMER 2 for an additional 6 months at the end of your trial, you may

(You will be asked to log in or crezste an“ageolint in order to doywaload’ but no payment information will be requested.)

(DowNLOAD )

Are you looking for HOMER Legacy? HOMER Legacy is an unsupported, never updated,

no- COSt ver5|on of HOMER Vi may obtain a 6-month license for HOMER L nn:ru which is
newable indefinitely. We ask only that you share some basic information about how you
are using the software. Download HOMER Legacy here. (You will be asked to log in or

create an account in order to download HOMER Legacy.)



HOMER legacy for free

Download HOMER software

SOFTWARE HOMER: The Hybrid Optimization Model for Electric Renewables
Download HOMER
Support Try HOMER free for 14 days Free Download
User Interface Purchase a 6-month HOMER
license %—Q—Q— $4Q previous user discount Buy it now

Documentation
*Diownlosd and install the trisl bafore purchasing.
Getting Started

Guide (PDF}

Sample Files

o Resources for HOMER Users, Sample Files, etc.
Bibliography (PDF)

Version History Sample data files for HOMER All Sample Files v Download

Resource Files TMY2 Solar data - Download

Legacy Software

DD o

Renew HOMER Legacy (Was  Free
HOMER 2.68)

Renew

VIPOR* Free Download

= WIPOR optimizes the layout of wires and transformers within a8 mini-grid. We offer it for free because it is not fully
documented or supported but you are welcome to use it. 4



HOMER - Intro

HOMER (Hybrid Optimization Model for Electric
Renewables): Micropower Optimization computer model
developed by NREL.

“Micropower system”. a system that generates
electricity, and possibly heat, to serve a nearby load.->
Micro Grid

A solar—battery system serving a remote load

a wind—diesel system serving an isolated village

a grid-connected natural gas micro-turbine providing
electricity and heat to a factory.

Models power system’s physical behavior and its life-
cycle cost [installation cost + O&M cost]

Design options on technical and economic merit

15



HOMER - Principal 3 tasks

Simulation: HOMER models the performance of a particular
micropower system configuration each hour of the year to
determine

its technical feasibility (i.e., it can adequately serve the electric and
thermal loads and satisfy other constraints) and

life-cycle cost.

Optimization: HOMER simulates many different system
configurations in search of the one that satisfies the technical
constraints at the lowest life-cycle cost.

Optimization determines the optimal value of the variables such
as the mix of components that make up the system and the size
or quantity of each.

Sensitivity Analysis: HOMER performs multiple optimizations
under a range of input assumptions to gauge the effects of
uncertainty or changes in the model inputs such as average wind
speed or future fuel price

16



Simulation

The simulation process determines how a particular system
configuration and an operating strategy. that defines how those
components work together, would behave in a given setting over a
long period of time.

Home can simulate variety of micropower system configuration

1-hour time step to model the behavior of the sources involving
Intermittent renewable power sources with acceptable accuracy

P i ~
Hydrogen tank
Primary Load E T
(&)
DC Battery' #!\ Electrolyzer
Fuhriander 30 Q
@ Primary Load B
- Battery
II' Electric Load &
_ ’ '_ C} Deferrable
Grid PV
Generator
Converter Converter
AC Dc

AC oc

17



Dispatch Strategies and NPC

A system with battery bank and generator requires dispatch
strategy

Dispatch strategy: A set of rules governing how the system charges
the battery bank

(LF) Load-following dispatch: Renewable power sources charge the
battery but the generators do not

(CC) Cycle-charging dispatch: Whenever the generators operate, they
produce more power than required to serve the load with surplus
electricity going to charge the battery bank.

Life Cycle Cost of the system is represented by total net
present cost (NPC):

NPC includes all costs and revenues that occur within the project
lifetime, with future cash flows discounted to the present.

Any revenue from the sale of power to the grid reduces the total
NPC

NPC is the negative of NPV (Net Present Value)

18



NPV & “Time value of money”

Compare money today with money in the future

Relationship between $1 today and $1 tomorrow

$1 (time t) > $ ? (time t+1)

Case: Invest in a piece of land that costs $85,000 with certainty that the

next year the land will be worth $91,000 [a sure $6,000 gain], given that the
guaranteed interest in the bank is 10%?

Future Value (If invested in the bank) perspective

FV =Cgx(1+7)| $85.000 x (1+0.1) =$93,500

future value $93.500 > $91.000

Present Value (PV) perspective

~ $91,000

present value $82,727.27 < $85, 000

- Q1
PV — 1+r where (7 is cash flow at date 1

Do not to buy the land.

19
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NPV (Net Present Value)

Net Present Value(NPV):
Present value of future cash flows minus the present value of the cost

NPV = PV — Cost.
$91. 000

NPV = — $85,000 = —$%$2, 273

Formula;

C1 Co Cr
+ 2
1+ (147)

NPV = —Cp +

NPV = —Cot T s

20
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NPV Example

A company is determining whether they should invest in a new
project. The company will expect to invest $500,000 for the
development of their new product. The company estimates that the
first year cash flow will be $200,000, the second year cash flow will
be $300,000, and the third year cash flow to be $200,000. The

expected return of 10% is used as the discount rate.
inkinl

Year Cash Flow Present Value Yot Yot
0 -$500,000 -$500,000
1 $200,000 $181,818.18
2 $300,000 $247,933.88
3 $200,000 $150,262.96
Year Interest Cash Flow PV NPV
0 0.1 -500000 -500000.00 -500000.00
Net Present Value = $80,015.02 1 04 200000 181818.18 -318181.82
Year Interest Cai.h Fli:-w . .F“..f . .MFj'I.-’gga_gg -70247 93
- . $200.000  $300,000  $200.000 ‘ o 20000 50000000 -500000.00262.96  80015.03
NPV = —§500,000 + - — + - 1 100000 90909.09 -409090.91507 89| 216617.72
1.10 1.102 1.10 : 01 100000 8264463 -326445 26184 26 340801.98
" i 39479 453696.77
T C : 100000 62082 13 120821 333162 556328.39
NPV — 2 - o Ay fradr an rasra ne301.48 64962987
NPV =-Co+) . (14 ) ol om0 3105 734449.39
g o 100000 4B850.74  134a7 g2108.66 811558.05

12405 TR RO I8
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Optimization

Best possible system configuration that satisfies
the user-specified constraints at the lowest
total net present cost.

Decide on the mix of components that the
system should contain, the size or quantity of
each component, and the dispatch strategy
(LF or CC) the system should use.

Ranks the feasible ones according to total net
oresent cost

Presents the feasible one with the lowest total
net present cost as the optimal system
configuration.

22



Optimization Example

Configuration and 140 (5x1x7x4=140) search spaces

A

Fuhrlander 30

Generator

FL30

Gen

Batteries

Converter

—Pp 9 [Quantity) [kid] [Quantity) [khaf]
_ 1 0 135.00 0 0.00
S A 2 1 16 30.00
108 kW peak 3 3 2 32 £0.00
4 3 48 120,00
Battery 5 4 64
6 %
— 7 128
Converter a
AC DC
Overall Optimization results
N - FL30| Gen | Batt. | Cony. | ritial Total COE Diesel Gen
A I3":" (kW) (kw] | Capital NPC  |@kwh)| L | (hrs)
,L c:} =1 1 135 B4 30 % 216,500 $ 849,905 0.273 5107 4528
,J-.\_ C} =1 E 2 135 B4 30 % 346,500 $ 854 BE0 0.274 B4 434 3,350
,J-q_ CEL =1 1 135 48 30 % 200,500 $ 855,733 0.275 78.067 4910
A e 2 135 48 30 $330500 $856335 0275 57654 3685
Categorized optimization result
. FL30| Gen | Batt. | Cons. [ hitial Total COE Dieszel Gen
A ':3| E" (k) (kw] |  Capital NPC  [(skwh) (L) | (hrs)
_,.J-q_ ltEI =7 1 135 B4 30 % 216.500 $ 249,905 0.273 Y107 4528
C} =1 135 B4 a0 %+ 86.500 $ 885175 0.284 101 290 &B.528
!2_2-} 135 $0 + 996,273 0.320 132,357 B.760
J,J-.\ L‘:‘:—} 1 135 $ 130,000 $1.130637 0.363 127673 B.740




Sensitivity Analysis

Optimization: best configuration under a particular set of
Input assumptions

Sensitivity Analysis: Multiple optimizations each using a
different set of input assumptions

“How sensitive the outputs are to changes in the inputs” —
results in various tabular and graphic formats

User enters a range of values for a smgle mput variable:

Grid power price Senitiiy Value E—
-G n
Fuel prlce’ Wariable: Solar Data Scaled verage I PvrGent

Unitz: kKwh/mf/d

Interest rate Link with: | <nane> =]
) ) Values: 4D1DJ Cear |
Lifetime of PV array -
16.000
Solar Radiation
Wind Speed

Fixed
Wind Speed = 3.26 m's
Diesel Price = S0.4/L

w00 = LD R =

—
=

=l
Help | Cancel | ] |

40
Primary Load 1 (kWhid)

24



Total Net Present Cost ($)

When unsure of a particular variable, enter several

Why Sensitivity Analysis? Uncertainty!

values covering the likely range and see how the results
vary across the range.

Diesel Generator — Wind Configuration: Uncertainty In
diesel fuel price with $0.6 per liter in the planning stage
and 30 year generator lifetime

Example: Spider Graph

1,000,000

Spider Graph

950,000 -

900,000 -

850,000 ———

800,000

1

750,000 /
700,000 9 :

0.7

0.8 0.9 1.0 1.1 1.2 1.3

Value Relative to Best Estimate

Tabular Format

—4- Diesel Price
-@— FL30 Life

- Gen O&M Multiplier

Best Estimate

Diesel Price = $0.6/L

FL30 Life = 25yr

Gen O&M Multiplier = 1

[[Jﬁ?l LA Elll FL30 [Ilaai?] Batt %m Lcl;tgl
0420 A 135 48 30 $688,679
0450 3 EE 135 4B 30 $721,987
0.480 A 1 135 B4 30 $753695
0510 L 369 1 135 64 30 $777.749
0540 A 3@ 1 135 64 30 $801.800
0570 A 3 6 1 135 64 30 $825852
0600 AP0 1 135 B4 30 $849905
0630 A 3 63 2 135 B4 30 $872,093
0660 A 3EIE 2 135 64 30 $889525
0690 A B 2 135 B4 30 $906957
0.720 i 3 2 135 B4 30 $924.389

25




Sensitivity Analysis on Hourly Data Sets

Sensitivity analysis on hourly data sets such as primary electric
load, solar/wind resource

8760 values that have a certain average value with scaling
variables

Example: Graphical lllustration

Hourly primary load data with an annual average of 22 kWh/day with
average wind speed of 4 m/s

Primary load scaling variables of 20, 40, ---, 120kWh/day & 3, 4, ---, 7

m/s wind speeds.

Optimal system type graph

/ / % System Types
[] PV/Battery

PV/Dsl/Batt

- B Wind/PV/Battery

BE Wind/PV/Dsl/Batt

Wind/Dsl/Batt
Dsl

o ° { [Z] Dsl/Battery

@

Annual Average wind Speed (m/s)
-{Ih- o

(o
&

0 20 4D 60 80 100 120 26
Average Electric Load (KWh/d)



Physical Modeling - Loads

Load: a demand for electric or thermal energy

3 types of loads
Primary load: electric demand that must be served according to
a particular schedule
When a customer switches on, the system must supply electricity
kW for each hour of the load
Lights, radio, TV, appliances, computers,
Deferrable load: electric demand that can be served at any time
within a certain time span

Tank — drain concept
Water pumps, ice makers, battery-charging station

Thermal load: demand for heat
Supply from boiler or waste heat recovered from a generator
Resistive heating using excess electricity

27



Physical Modeling - Resources

Solar Resources: average global solar radiation on
horizontal surface (kWh/m? or kWh/m?2-day) or monthly
average clearness index (atmosphere vs. earth surface).
Inputs — solar radiation values and the latitude and the
longitude. Output — 8760 hour data set

Wind Resources: Hourly or 12 monthly average wind
speeds. Anemometer height. Wind turbine hub height.
Elevation of the site.

Hydro Resources: Run-of-river hydro turbine. Hourly
(or monthly average) stream flow data.

Biomass Resources: wood waste, agricultural residue,
animal waste, energy crops. Liquid or gaseous fuel.

Fuel: density, lower heating value, carbon content,
sulfur content. Price and consumption limits

28



Physical Modeling - Components

HOMER models 10 types of part that generates, delivers, converts,
or stores energy
3 intermittent renewable resources:
PV modules (dc)
wind turbines (dc or ac)
run-of-river hydro turbines (dc or ac)

3 dispatchable energy sources: [control them as needed]
Generators
the grid
boilers

2 energy converters:

Converters (dc €-> ac)
Electrolyzers (ac,dc - electrolysis - Hydrogen)

2 types of energy storage:
batteries (dc)
hydrogen storage tanks

29



Components- PV, Wind, and Hydro

[ 3
PV Arra lso IV curve of the solar cell
y . PP vV — ](P‘h, YP V [—T N ‘\ The short circuit current, Isc,
fPV: PV derating factor ' g olar ool and Gcsurs whon e

voltage across the device is
Zero.

Yoy: Rated Capacity [kW]

l;: Global Solar Radiation incidence
on the surface of the PV array [kW/m?]

Power from
the solar cell

l: Standard amount of radiation, 1 k\\/m?. Voo

Wind Turbine "

2.0

Wind turbine power curve

1.5

Power (kW)

1.0

0.5

0
eh 0 11 223 335 4475 60 671
s 0 5 10 15 20 25 30

mf
. Wind Speed
I Iyd ro I u rb I n e Data measured and compiled by USDA-ARS Research Lab, Bushland, TX

Power Output Eqn = Turbine efficiency, density of water,

gravitational acceleration, net head, flow rate through the
turbine

Phyd = Nhyd Pwater€/ et Quurbine

30



Components - Generator

Generators

Principal properties: max and min
electrical power output, expected
lifetime, type of fuel, fuel curve

Fuel curve: quantity of fuel
consumed to produce certain
amount of electrical power.
Straight line is assumed.

Fuel Consumption (F) [L/h],
[m3/h], or [kg/h]:
F. - fuel curve intercept coefficient
[L/h-KWT;
F, - fuel curve slope [L/h-kW];
Y gen - rated capacity [kW];
Pgen - €lectrical output [kW]

F = F{}Yggn + Flpgcn

31
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Components - Generator

Generator costs: initial capital cost, replacement cost, and annual
O&M cost per operating hour (not including fuel cost)

Fixed cost: cost per hour of simply running the generator without
producing any electricity

C;
) o rep.een -
Coen,fixed = Com,gen T R T FHchnLIucl,cll
aen

Com,gen 18 the O&M cost per hour,

Crepgen the replacement cost

Roen the generator lifetime in hours

Fy the fuel curve intercept coefficient in quantity of fuel per hour per kilowatt

Yoen the capacity of the generator (kW).
Crueloff the effective price of fuel in dollars per quantity of fuel.

Marginal cost: additional cost per kWh of producing electricity
from the generator

Coen,mar — Fi Cruel eff

F'| 1s the fuel curve slope in quantity of fuel per hour per kilowatthour | 32



Components — Battery Bank

Battery Bank
Principal properties:

Capacity (Ah)

nominal voltage
capacity curve: discharge capacity in AH vs. discharge current in A
lifetime curve: number of discharge-charge cycles vs. cycle depth

minimum state of charge: State of charge below which must not be
discharges to avoid permanent damage

round-trip efficiency: percentage of energy going in to that can be drawn
back out

Example capacity curve for a deep-cycle US-250 battery (Left)

280

260 -
240
220
200

180 1

160 11—

@ Data Points
Best Fit

¢
%
o

)

%

) 2
\

L 2

0

L I L B R L L B B
20 40 60 80 100 120 140 160 180
Discharge Current (A) 33
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Components - Battery

Battery Lifetime Curve and Example for US-250

Rbar  life of the battery bank

- Noau Qiitetime
Rpqy = min (I—~Rhuu_;‘
thrpl

Npa 18 the number of batteries in the battery bank,
Qliteime the lifetime throughput of a single battery,
Qe the annual throughput (the total amount of

energy that cycles through the battery bank in one year)
Ry s the float life of the battery (the maximum

life regardless of throughput)

Battery Fixed cost = $0

Cycles to Failure

(:) Cycles + Throughput

10,000 1,000
8,000 + 800
6,000 600
| ©
4,000 400
. <
2000 4 1 200
| T \
. <
04 1 i < { 0
o 20 40 80 80 100

Depth of Discharge (%)

Battery Marginal Cost = Battery Wear Cost + Battery Energy Cost

Battery Wear Cost: the cost per kWh of cycling energy through the battery bank
Battery energy cost: the average cost of the energy stored in the battery bank

34
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Components - Battery

Battery energy cost each hour: dividing the total year-to-date
cost of charging the battery bank by the total year-to-date
amount of energy put into the battery bank

Load-following dispatch strategy: since charged only by surplus

electricity, charging cost of battery is always zero
Cycle-charging strategy: charging cost is not zero.

Battery wear cost:

I-C-?n:pn. batt
Nhan Q]jfcnmc \,.ﬁ1 i

Chw —

Crep,batt 18 the replacement cost of the battery bank (dollars)
Npate 18 the num ber of batteries in the battery bank.
Qifetime 18 the lifetime throughput of a single battery (kWh)

Ny 18 the round-trip efficiency.

35



Components - Grid

Grid and Grid Power Cost
Grid power price [$/kWh]: charges for energy purchase from grid
Demand rate [$/kW/month]: peak grid demand

Sellback rate [$/kWh]: price the utility pays for the power sold to
grid
Net Metering: a billing arrangement whereby the utility charges the customer
based on the net grid purchases (purchases minus sales) over the billing

period.

Purchase > sales: consumer pays the utility an amount equal to the net grid
purchases times the grid power cost.

sales > purchases: the utility pays the consumer an amount equal to the net grid
sales (sales minus purchases) times the sellback rate, which is typically less than
the grid power price, and often zero.

Grid fixed cost: $0

Grid marginal cost: current grid power price plus any cost resulting from
emissions penalties.

36



Example of Grid Rate for Medium General Service

Year 2007 example

Medium General Service:
Monthly Use: > 3500kWh
Summer Peak: <300kW

Rate:
Customer charge: $25.42/month

Energy Charge: $0.062533/kWh [summer],
$0.069533/kWh [winter]

Demand charge: $22.69535/kW [summer],
$14.7419/kW [winter]
A Restaurant (a summer month: Jun - Sep) 24000 kWh,
150kW demand
Customer charge: $25.42
Energy charge: $1500.79

Demand charge: $3404.02
37
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Example of a residential customer

Welcome to Manage Your Account

Last Payment Received On

December 17, 2012 $51.82
Current Charges Billed On
January 04, 2013 $64.12 | view Bill
Total Amount Due Will Be Drafted On Or After
January 15, 2013 $64.12 Your Energy Usage
Next Bill Date
February 04, 2013 ) iew B
z
=
£ ¢
= 6
=]
]
: a
E LAt
8
South Korea _ _

Energy Efficiency/CO2’ Indicators [Units 19801 1990] 2000] 2007
|

Residential, service and agriculture sectors

Average electricity consumption of households per capita kWh/cap 139 414 789 1130

Average electricity consumption per household kWh/hh 728 1716 2412 3822

Average electricity consumption of electrified households kWh/hh 728 1716 2412 3822

Households consumption for electrical appliances and lighting kWh/hh 0 1541 1980 n.a.
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Components - Boiler

= 3
BOIIer rBoilerlnputs B
Assumed to provide Fle Edit Help
Un|lmlted amou nt Of thermal @ TheboileéifsanidealizedtcomﬂonenttLha:ca|nserveartjunl
recavered from & generator reduces the fuel consumplion
energy on demand BT ok
. TherelLoad Boler Hold the pointer over an element or cick Help for mare rfc
Input; type of fuel, boiler | [
ff| | N m| | N Diese (TN Ecoran ,
e_ clency, emissio . @swemcl: il m =
Fixed cost: $0 e )
UEmmsmnr Eficiency (%) ’785 M

Marginal cost: Bcesd

Erissions factors

; o 3. ﬁffuc] eff
botler.mar —
Nboiter EHV fyei

boiler

Cruel eff 18 the etfective price of the fuel (including the cost of any penalties on
emissions) in dollars per kilogram

Nioiler 18 the boiler ethiciency

LHVyye 1s the lower heating value of the fuel in Ml/kg




Heating Value of Fuel

Higher Heating Value (HHV)

The Higher Heating Value (HHV) is the total amount of heat in a sample of fuel -
including the energy in the water vapor that is created during the combustion

process.

Lower Heating Value (LHV)

The Lower Heating Value (LHV) is the amount of heat in a sample of fuel minus
the energy in the combustion water vapor. The Lower Heating Value is always
less than the Higher Heating Value for a fuel.

Fuel Type
Wood, Dry 21
Grass, Dry 18.5

Dairy Manure, Dry | 20.5

Coal, Bituminous 28

Natural Gas 425
Fuel Oil 459
Gasoline 479
Ethanol 298

Higher Heat Value (kJ/kg)

Typical Higher and Lower Heat Values for Fuels

Lower Heat Value (kJ/kg)
197

174

19.3

26

381

43

438

269

=)
=
-

—
L
T

—
=
T

Fuel Energy (R k)

== Higher Heat Value

=& Lower Heat Value

40 50 60

Muoisture Content (%)



Components — Converter & Fuel Cell

Converter

Inversion and Rectification

Size: max amount of power it delivers

Synchronization ability: parallel run with grid j
Efficiency -
Cost: capital, replacement, o&m, lifetime

Carverter

Electrolyzer:

Size: max electrical input 5\

. . . . Hydrogen tank,
Min load ratio: the minimum power input at

which it can operate, expressed as a percentage
of its maximum power input. [i]

Cost: capital, replacement, o&m, lifetime Electralyzer

Hydrogen Tank

Size: mass of hydrogen it can contain

Cost: capital, replacement, o&m, lifetime
41



Operating Reserve

Operating Reserve W
Safety margin for reliable electricity supply | -

despite variability in load
and renewable power supply
Required amount of reserve: Fraction of load at an hour +
fraction of the annual peak primary load + fraction of PV power
output at that hour + fraction of the wind power output at that
hour.

Example for a wind-diesel system

User defines operating reserve as 10% of the hourly load + 50% of
the wind power output

Load = 140kW; Wind power output = 80kW

Required Operating Reserve = 140kW*0.1 + 80kW*0.5=54 kW
Diesel Generator should provide 60 kW (140 — 80) + 54 = 114 kW
So, the capacity of the diesel gen must be at least 114 kW
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System Dispatch

Dispatachable and non-dispatchable power sources

Dispatchable source: provides operating capacity in. an amount equal to the
maximum amount of power it could produce at a moment’s notice.
Generator
In operation: dispatchable opr capacity = rated capacity
non-operation: dispatchable opr capacity =0
Grid: dispatchable opr capacity = max grid demand
Battery: dispatachable opr capacity = current max discharge power

Non-dispatchable source

Operating capacity (PV, Wind, or Hydro) = the amount the source is
currently producing (Not the max amount it can produce)

NOTE: If a system is ever unable to supply the required amount of load
plus operating reserve, HOMER records the shortfall as “capacity
shortage”.

HOMER calculates the total amount of such shortages over the year
and divides the total annual capacity shortage by the total annual
electric load.
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Dispatch Strategy for a system with Gen and Battery

Dispatch Strategy

Whether and how the generator should charge the battery bank?
There is no deterministic way to calculate the value of charging
the battery bank — the value of charging in one hour depends on
what happens in future hours. [enter Wind power which can
provide enough power the next hour — then the diesel power into
battery would be wasted]

HOMER provides 2 simple strategies and lets user model them

both to see which is better in any particular situation.
Load-following: a generator produces only enough power to serve the

load, and does not charge the battery bank.
Cycle-Charging: whenever a generator operates, it runs at its maximum rated
capacity and charges the battery bank with the excess

It was found that over a wide range of conditions, the better of these
two simple strategies is virtually as cost-effective as the ideal
predictive strategy.
“Set-point state charge”: in the cycle-charging strategy,
generator charges until the battery reaches the set-point
state of charge. a4



Control of Dispatchable System Components

Fundamental principle: cost minimization — fixed cost and marginal cost
Example: Hydro-Diesel-Battery System

& «— 7}

Primary Load Hydro

i +—>|] [¢—re—»|E

Diesel Converter Battery

AC DC

Dispatachable sources: diesel generator [80kW] and battery [40kW]
If net load is negative: excess power charges battery
If net load is positive: operate diesel OR discharge battery
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Dispatch Control Example

Hydro-Diesel-Battery System

f -
/
Baﬂery’ /

Diesel

| I I
20 40 60 80
Power To AC Bus (kW)

Net load < 20kW: Discharge the battery
Net load > 20kW: Operate the diesel generator )

6



Load Priority

Decisions on allocating electricity
Presence of ac and dc buses

Electricity produced on one bus will serve
First, primary load on the same bus
Then, primary load on the opposite bus
Then, deferrable load on the same bus

Then, charge battery bank

Then, sells to grid
Then, electrolyzer
Then, dump load

300 Watt Dump Load for 12 Volt

Protect your batteries from owver-charging using diversion/dump loads to dissipate excess energy
produced by your generator that can't be stored in a battery. Dump load systems are all available

for 12 or 24 Yolt configurations.

300 Watt Dump Load for 24 Volt

Systems Systems

$21.98 $21.98
Add to cart Add to cart




Economic Modeling

Conventional sources: low capital and high operating costs
Renewable sources: high initial capital and low operating costs
Life-cycle costs= capital + operating costs
HOMER uses NPC for life-cycle cost

NPC is the opposite of NPV (Net present value)

NPC includes: initial construction, component replacements,
maintenance, fuel, cost of buying grid, penalties, and revenues (selling
power to grid + salvage value at the end of the project lifetime)

S 1s the salvage value,

S — C Riem Crep the replacement cost of the component
O rep .. .
Reomp Rem the remaining life

Reomp the lifetime of the component.
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Real Cost

All price escalates at the same rate over
the lifetime

Inflation can be factored out of analysis by
using the real (inflation-adjusted) interest
rate (rather than nominal interest rate)
when discounting the future cash flows to

the present

Real Interest rate = nominal interest rate —
Inflation rate

Real cost = In terms of constant dollars

49



NPC and COE
Total NPC

Cann ot Cann tot 18 the total annualized cost

i the annual real interest rate (the discount rate)
N the project lifetime

CRF( ) 1s the capital recov c:ry factor

i(1+ i)
CRF(i,N) =
N = -

Levelized Cost of Energy (COE): average cost/kWh

Cann.toc 18 the total annualized cost.

Cann,mt , .
COE =- _ _ Epim total amounts of primary Joad
Eprim Ede | Eﬂlid i

Eqr total amounts of deferrable load

Eorid saies 18 the amount of energy sold to the grid

50




Example Case — Micro Grid in Sri Lanka

Load profile:

base load of 5W, small peaks of
20 W, peak load of 40W, total
daily average load = 350 Wh

Sensitivity analysis range:
[0.3kW/h, 16kWh/d]
Solar Resource

7.30’ Latitude & 81.30 longitude

NASA Surface Meteorology and

Solar Energy Web: average solar

radiation = 5.43 kWh/m?/d.
Diesel Fuel Price

$0.4/L — $0.7/L

Sensitivity analysis range: [$0.3,
0.8] with increment of $0.1/L

.04

0.03

0.0z

Dermand (kW)
o
o
=

o

o
=
@

Daily Radiation [kKWhimzid)
O = MW Bk @ o
Clasrness Index

Load Profile

12 18
Haisr

4]
£

Solar Resowurce

&
(=

o
)]

=
e

=
I

e
k3

=
(=1

Jam Feb hMar Apr May Jun Jul Aug Sep Oct Mow Dec

Daihy Radiation = Cleamess Indeax

Economics:
 Real annual interest rate at 6%
Reliability Constraints
* 0% annual capacity shortage
Sensitivity Analysis range: [0.5

— 5]%
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Example Case — Micro Grid in Sri Lanka

PV: de-rating factor at 90%
Battery:T-105 or L-16

Converters: efficiency at 90% for .
Inversion and 85% for rectification -

Generator 1

%
Frimary Load 1
302 Whid
1'% peak

Generator: not allowed to operate at
less than 30% capacity Corwerter B attery
AL DL
Component Size Capital Replacement O&M Cost (3) | Lifetime
Cost ($) Cost
PV Panels 005-50 57.500/kW | 57 500/kW 0.00 20 years
kW
Trojan T-105 225 Ah/ B S75/battery | $75/battery $2.00/year 845 kWh
Batteries volt (bank of throughput
size: 1-54 per battery
batteries)
Converter 0.1-40kW | 51,000kW | 51,000/kW $100/year 15 years
Generator 425 kW 52,550 52,550 $0.15/hour 5000 hours
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Analysis Result

0|im-al em Tvpe _ System Types

[ ]rvmsttery

- PYiGent Batt

Diesel
price
$0.3/L

-
L

Fixe«l
Global Solar = 5.43 KWihiam2id
Diesel Price = 0.3 $/L

w
I

Max. Annual Capacity Shortage (%)
[|N)

=] =] 10 12 16
Primary Load 1 {(KWh/id)

5 Optimal Systemm Type System Types
e = T = = i
[ ]pvmsttery

I P icent Bt

Diesel
Price
$0.8/L

+
1

Fixed
Global Solar = 5.43 KWhim2/d
Diesel Price = 0.8 $L

[0}
1

Max. AnntlaLCapacny Shortage (%)

-
1

r® & ® @

6 a 10
Primary Load 1 (kWh/d)
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HOMER: Getting Started — with existing file

1. www.mwftr.com/kt2013.html

2. Download {save as }
“ExampleProject.nmr”

3. Open the Example Project File:
ExampleProject.hmr

4. Click the Primary Load
¥ |—F

Frirnary Load 1
151 k'whd
25 k' peak,

[l

Corneerter

Equipment to congider

Generator 1

AL
Resources Other

Solar rezource @ Econamics

ﬁ Wind resource ﬂ Syztem contral

ﬂ Dieszel ﬂ Emizsions
ﬂ Constraints

5. Exit out of HOMER — We have
things to do

Wl "UIT VISV LIPULY LULULY WYY ISR
= .
0O = B E

Equipment to consider

Add/Remaove...

Sirm
Calculate
Sen

L ! %‘I Sensitivity Results l Optimization Results ]
Frimary Load 1
151 kwhid
o 25 kW peak I:,}
Generator 1 Cinuih nn o evetar halou far nntimizatinn
T i PV |WS-.|Genl|Conv, Initial
Pl 4t -
Converter BwiC #L1 ) (W) (i) Eapia]
AC
Resources Other

Economics

Solar resource
ﬁ Wwind resource
ﬂ Diesel

Spztem control
Emissions

Constraints

@ |

AR
Primary Load Inputs —
File Edit Help

"™ Chase aload type (AL or DC, erter 24 hour vaues nthe load table, and enfer a scaled annual average, Each of the 24 values n the load table i the average electic demand for 2 shok hour of the day
HOMER replisates this prcfl thioughout the year unless you define different load profes fordiferent months or day types. For salculaions, HOMER uses scaled dater bassin data scaled up or dowin t the
scaled annual aveiage value,

Hold the painter aver an slement or cick Help for more information

Lahel |Primary Load 1

Loadtype: @ AC (C DC Datasource: (@ Enter dailyprofileis)  ( Import time series data file
Baseline data.

donth January bl Daily Profile

I

Daytype |Weekday 6 12
210 >

Hour Load(kw) || Z g
00.00-01.00 200 |5, 5
01.00-02.00 2000 | 8 7 2
0200-03.00 2000 ;
03000400 2000 =
14:00 - 05:00 2000 S = Jen Feb  Mar Ape  Msy Jun  Jul
05.00- 0600 2000 Hour
06:00-07.00 2000 " Seasonal Profile
07.00-08.00 10.000 .
08:00 - 09,00 11.000 A daily high
03.00-10.00 200 gm I
10.00-11:00 300 = | | | daily low
11:00-12:00 1400 # i
1200-13.00 o0
13001400 14000 s | | |
1400-15.00 00 | o

Jan Feb War Apr May Jun Jul Aug Sep O Nov Dec. “Ann

Random variahility

Day-to-clay 15 &% Baseline | Scaled Efficiency Inputs.

Average (Kwhid) 151 151
Time-step-to-time-step ’72[' % Average [lKw) 627 627
Peak (K] 52 %2 e Evp
Lioad factor 0.249 0.249
Scaled annual average (Kih/d) 1505 13 Halp I el I T I
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Find the Site [Location]

Latitude and Longitude
36.76 & 127.28 ??

ELLatLong

Ll
Latitude and Longitude Finder

(Find | | J\

Lat&Long Find

Search place name or
Click on map to get lat long coordinates. W

Latitude: 36.763573
Longitude: 127.281718

T

Map Mouse Over Lat & Long

Lat: 36.764192
Long: 127.281246

Latitude:
Longitude:

oy o =

W .

@ iTouchMap.com

Mobile and Desktop Maps

Latitude and Longitude of a Point

36.763218
127281847

Get the Latitude and Longitude of a Point

When you click on the map, move the marker or enter an
address the latitude and longitude coordinates of the point
are inserted in the boxes below.

ieoul

e A

Satell

Sokcho
o

Gangwon

syeonggi

aYongin i e

&

aGangneun
Donghae

Samgheok

g 3 - 5 [ a1
S@hingbuk /;:mxr rUljin

i
Chungnamy cij Andong
& p ¥ (=]
125°E re 129°¢

|

SOUTH KOREA

Latitude and Longitude Map

#E N iy
VW‘G"M
.‘h"
SK Energy telo
SKERA
waseng o
““ FamilyMart
y  NoISlE ey

=t

e85 o _:':‘ <

enR

e oL e
E = {
iy gL i
el e
WD BUEER
el=218 0
e 28 PR | & nR
Aldls Taliw T3] aal

34°N

NORTH KOREA

Ch S

- = g

(]

LEaal Sca



Solar and Wind Data

http://en.openei.org/apps/SWERA/
Click “Homer”, input latitude and longitude, then click “Get Homer Data”

lar and Wind Energy Resource A )-M
E Solar and Wind Energy Resourc... | + | »
€ en.openei.org/apps/SWERA - Google

A Unit Proaramme facilitated eff
F) Qririire o - - "

Inited Natio Envi a
MTIREU IVdilUihe SHVITWHITTICHL FTUY

sSwers Getting Started Data Sets Analysis Tools About SWERA
Greenland
.i. Finland

+ Solar and Wind Energy Resource Asseisment ok P aren
El
Nenway
United
Kingdom
Canada ng Poland
Germany Ukraine Kazakh:
France
Italy
North United States i Turk
- byl North ey
acific
Yacific Atlantic
Ccean ’rb't_“;; IL % <iragy s jran L0
Algerla || jpya | EGYRL Pakis:”
Mexito Saudi
Arabla
Mall | Niger Sudan
Chad
Vienezue la Nigeria Ethiepla
Colombla
= DR Conga, " onY@
m;‘:w , Tanzanla
Latitude Longitude Homer XML 25 Angola
| 36.76 12728 Get HOMER Data Namibia
FOWERED EY | |—| Botswana Madagascar
i guun e
CO'J‘SIE | FPacific S Atlantic tap data @2012 - Terms of Use

[ Solar ][ Wind ][ Climate ][ Hame.r ]




Solar Radiation and Wind Speed Data

Monthly Solar Radiation [kW/m?2-day] and Wind Speed [m/s]

— <data> <data>
— <monthly> — <monthly>
—<monthly average radiation> —<monthly average wind speed>
<float> 2.82 </float> Jan <float> 3.46 </float>
<float> 3.69 </float> Feb <float> 3.66 </float>
<float> 4.49 </float> Mar <float> 3.81 </float>
<float> 5.40 </float> Apr <float> 3.91 </float>
<float> 5.57 </float> May <float> 3.43 </float>
<float> 4.99 </float> Jun <float> 3.03 </float>
<float> 4.17 </float> Jul <float> 3.02 </float>
<float> 4.19 </float> Aug <float> 2.88 </float>
<float> 3.95 </float> Sep <float> 2.68 </float>
<float> 3.55 </float> Oct <float> 2.73 </float>
<float> 2.76 </float> Nov <float> 3.25 </float>
<float> 2.55 </float> Dec <float> 3.34 </float>
</monthly average radiation> </monthly average wind speed>
</monthly> </monthly> — <anemometer height>
</data> | </data= <‘.f:;i'11]09:;> 50 </float>
— <scaled_annual average> <scaled annual average> “values>
— <values> — <values> </anemometer height>
<float> 4.01 </float> 4! - :
Average “float> 3.27 </float> 59

</values>



Wind Finder

www.windfinder.com

T A==A = addicted to the wind!

Upotgeu £ o LUINCIFINCISR,
G- 4 Cheonan I?‘i_‘r}"' a
(’\ i e e Sms wi weather reporf
AN Forecast Kumkwangmyed

Godaemyeon ' ‘ ’oﬁ& ({
(T CHot) ) 5
O Sinpyeong ~) Report ﬂlthgnngmy

{21 % ) -

0 T ﬁ 1 mph = 0.44704 ms’!

Hapdeokeup Aian¢

| £t ) ':" 98) {0 2 3
© [ aongn:mmynnn = (0.

?) \\ ow,,,m “n_; a1 By~ \,s 1 knot = 0.514444444 meters / second

SUUTH RORER

lV\Jinr::h‘in::ier - Wind & weather statistic Cheonan

L || Wind statistic _wf Wind report & Forecast ' Mearby

{su* -|]

Cheonan (CHEONAN)
Statistices based on observations taken between 8/2011 - 12/2012 daily from Fam to 7pm local time.

Jan Feb M™Mar Apr May Jun Jul Aug Sep Oct MNov Dec SUM

Menth of year 01 ©02 03 04 O05 08 07 08 09 10 11 12 1-12

Crominant Wind dir. b I b - = - »* ™= - - - -, -~
Wind probahbility 16

= 4 Beaufort (%) - - —-&——----
Average
wWind speed 7 - 7 = g 7 7 7 - 7 7
e -------------
Average air temp. (°C) e -+ EEEEEEEEEEE - A 14

Select month (Help) an Feb Mar Apr May Jun Jul Aug Sep Oct MNov Dec Year

A

Wind dir. distribution Cheonan December




HOMER: Open the file again

Equipment bo considen Add/Remove

Click the generator ol

[Ty 151 kwh/d
= 25 K\ paak

Geneator 1
L — 4
_}‘_’ _EJLFGE 1

Corvveter Biw!

AL . oC

25 kw $10,000
Minimum running at 30%

B Chooze a fuel, and enter at least one size, capital cost and operation and maintenance [0&M) value in the Costs table. Mote that the capital cost includes
d} inztallation costz, and that the 0% cost iz expreszed in dollars per operating hour. Enter a nonzero heat recovery ratio if heat will be recovered from this generator
to serve thermal load. Az it searches for the optimal system, HOMER will consider each generator size in the Sizes to Congsider table.

Hold the painter over an element or click Help for more information,

Cost lFueI ]Schedule Emissions

Costs Sizes to consider Cost Carve
Size [k | Capital (4 | Replacement ($) | D&M ($4h) Size (kK] 18
T 10000 5000 0.500 0.000 )
25,000 ="
30,000 E
2 B
35.000 =
o
S £ £ 40.000 8.
Properties ;
0 10 20 30 40
Description |Generator‘l Type @ AC Size (kW)

== Copital == Replacement

Abbreviation |Genl (" DC
Lifetime (operating hours) 15000 1

Minimum load ratio (3%) 3D {1
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Equipment

Equiprnent to consider

Click Wind Turbine | g

AdFRemove...

7
Primarny Load 1

From the drop down list click through the R /

Generator 1

wind turbines and look at the power curve. > Fle—rle—{E]

Try to find a Wind Turbine that would best )]
maximize Average Wind Speed (m/s) :3.27

searches for the optimal system, HOMER considers each quantity in the Sizes to Consider table.

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

Turhine type | ﬂ Details... R Delete

Turhine propeties
Power Curve

Corrverter Windsi'de- 48,

(]

Chooge a wind turbine tupe and enter at least one quantity and capital cost walue in the Cozts table. Include the cost of the tower, controller, wing, installation, and labor, Az it

Abbresviation:  W3-4A  (used for column headings) 1.2
Fated power. 1.2 kW DC 10
Manufacturer: 0s
Website: i windside.com § '
Coe
2
o
L
0.2
0.0
0 [ 12 18 24
Wind Speed (mis}
Costs Sizes to consider
. . ) 100 Cost Curve
Quantity | Capital [$] | Replacement [$] | D&M (/] Quantity
> 1 30000 25000 500 0 o
1
2 o &0
3 g
W
| 8] | o | g8
Other =L
it 1) M 0.0 0 10 20 25 30

5 1.5
: Quantity
Hub height (rm) 25 43 = Capital fnF{Iepnac:sn-.ent
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Equil t
Equipment to conzsider Add/Remaove...

Click PV T = "4
Frimary Load 1
. 151 kiwhid
25 ki/ peak
Generator 1
7] .
Corverter Windside 44,
AC [l

Lifetime, De-rating factor, slope, No-tracking

Enter at lzast one size and capital cost value in the Costs table. Include all costs associated with the PV [photovaltaic] spstem, including modules, mounting
hardware, ahd installation. &z it searches for the optimal spstern, HOMER considers each PV arrap capacity in the Sizes to Consider table.

Mote that by default, HOMER sets the slope value equal to the latitude from the Solar R esource Inputs window.

Haold the pointer over an element or click Help for mare infarmation.

Costs Sizes to consider
: _ ) 100 Cost Curve
Size (kW] | Capital ($] | Replacement (] | D&k [$/9r) Size [kiw]
N 35000 25000 1] 0.000 50
/ 10.000 ~
16.000 g %
e
20.000 % 40
o
L} | 1) | L} 25.000 o "
Froperties 0
0 5 10 15 20 25
Size (kW)

Ciutput current (— AZ (@ DC

Lifetime (years) 20 ﬂ Advenead
Derating factar (2] a0 ﬂ Tracking system  |Mo Tracking ﬂ
Slope (degrees) 45 ﬂ [ Consider effect of temperature

Azimuth (degrees W of 5) o ﬂ -0.
Ground reflectance (%) 2 ﬂ

== Capital == Replacement

n

63
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EEOUNCES

Resource Information B S olor resource

% Wind rezource
Select Solar Resources, Wind Resources, and Diesel | Diesel

HOMER wzes the zolar resource inputs to calculate the PY aray power for each hour of the year. Enter the latitude, and either an average daily radiation value or an - B
@ average cleamess index for each month. HOMER uses the latitude value to calculate the average daily radiation from the clearness index and vice-versa. [ H D M EH Lizes WII"Ilj [ezaUrce |nI:'UtS tae
—~ 4
Hold the pointer over an element or click Help far more information, . E2!’I‘i?é‘latl'l‘::érl:\sl"HHI:IDMMEEHHgléie;:lfgzliﬁedaa;
Location Hald the pointer over an element or clic
Latitude ” ' (@ Morh  South Time zone
\@mghe . " @ East  ‘Wast ‘(GMT+DQ.DD) Japan, Morth Korea, South Korea ﬂ
Datasource: (@ Enter monthly averages  (~ Importtime series data file Get Data Via Intemet Diata 554 FE' i Enter mgnthh}-’ anver
Baseline data
Clearness D aily A adiation & Global Horizontal Radiation g H
Menh [ e Kwhdm2/d) — Baseline data
January 0.2e0 2820 ] -
February 0355 3690 : T o0 Moanth "Wind Speed
March 0427 4,490 ) — ah (m/s]
il 0529 5 400 £ <
biay 0577 s £ Y 08 2 Jaruary 3.460
June 0536 4330 52 L-1T1 I~ o = EED
July 0.442 4170 i // : Februarny .
August 0423 4190 £ 04 3 3810
September] 0382 1m0 2° 2 M ar.ch .
October 0.343 25850 & 0z .-'1'«|:|r|| 2910
November 0273 2760 1 =
December| 0257 2550 hd gy 3.430
T i e B v e BB IR s B~ B BT =R June 3.030
Daily Radiation == Gleamess Index Jul_lrl 3020
Average: 0401 4011 Fot. | Epor. | Auugust 2.880
Scaled annual average (Kivh/m?d) 401 L} Help | Cancel | oK SBDtEI’I‘IhE[ 2680
Ochober 2730

Diesel Fuel Price Mot 3250

Enter the fuel price. The fuel properties can anly be changed when creating a new fuel [click New in
the Generator Inputs or Boiler Inputs window) December 3.340

Hold the pointer aver an element name or click Help for more infarmation.

Price ($/L) 04 {}
i i 5000
[ Limit consumptionto (L) J Annual average: 3 264
Fuel properties

Lower heating value 43.2 Mdikg
Density: 820 kgfm3
Carbon content: 88 %
Sulfur content: 033 %
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Equipment

qQuipmment o Conzider édd;"HBmDVB...

Click Converter icon poe A it

Primarny Load 1

. 151 kwhid

L 28 kW peak
Generator 1

i)
Cnn*erter Windzide 44,
5kW $4,000 T
1

A conwerter is required for spstems in which OC components serve an AC load or vice-verza. & conwerter can be an inverter [DC to AC), rectifier [AC to DC), ar

baoth.

Enter at lzazt one size and capital cost value in the Coste table, Include all coste associated with the conwverter, such az hardware and labor, As it searches for
the optimal syzten, HOMER considers each converter capacity in the Sizes to Consider table. Note that all references to converter size or capacity refer to
inwerker capacity.

Hold the pointer over an element or click Help for more information,

Costs Sizes to consider
12 Cost Curve
Size (kW] | Capital ($] | Replacement [$] [ D&M [$4v) Size [KWwW)
4000 4000 0 0.000
5.000 "
10.000 2
S &
15.000 =
3
| {} | o | 3
Irvserter inputs nn 5 10 15

Size (KWW}

Litetime [years) = Capital == Replacement

.
e

Efficiency (%)

[+ Irverter can operate simultaneoushy with an AC generator

Rectifier inputs

Capacity relative to inverter (3]

J
ek

Efficiency (%)

Help Cancel | 0K, |
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Other
j E conomics

Other InformaUOn .Q' Sustem contral

e’ s o
i | Emissions
IHI

Economic Inputs

Economics .

5] HOMER applies the economic inputs to each system it simulates to calculate the spstem's net

. 0 present cost.
I a e aI I n te re St 6 A) Hald the painter aver an element name or click Help for mare information.

Llfetl me 25 years Annual real interest rate (%)

Froject lifetime (years)
Svstem fixed capital cost ()

System fixed D&M cost ($Ar)

1L
EEEEE

Capacity shortage penalty ($/kWh)

System Control oo | _cme | o

Cycle-charging

File Edit Help

L

The zystem control inputs define how HOMER models the operation of the battery bank, and generatorz, The dizpatch strategy
o determines how the system charges the battery bank.

Hald the painter aver an element name or click Help for mare information.

Simulation

Simulation time step (minutes) B0 11

Dispatch strategy
[ Load following
[v Cycle charging

[v Apply setpoint state of charge (34) 80 11




Other Information

Emission: all O

Constraints
Operating
reserve 10%

Capacity
shortage 0%

File Dgit Help
Constraintz are conditions that spstems must meet to be feazible. Infeasible zystems do not ap
reserve provides a margin bo account for intra-hour deviation from the hourly average of the Ic

margin for each hour bazed on the operating reserve inputs.

Haold the pointer over an element name or click Help for more information.

baximum annual capacity shortage (%:)

1
e

binirmum renewable fraction (%2

Operating reserse
As percent of load

Hourly load (%:)

Annual peak load (24

Az percent of renewahble output

Solar power output (3]

ek Bk

Wind power output (%2)

Frimary energy savings

[ Minimum primary energy savings (%)

dd

el

(o))
~



Analysis of the System
1. Click “Calculate” to start the analysis

Equipment ko consider Add/Remove... Simulations: 0 of 400
\‘ Calculate s
Sensitivities: 0of1
'! + ; | Sensitivity Results l Optimization Results ]
Frimany Load 1
151 kiwhid (@ Tabul:™
_b_j-_. 25 kW peak Export... Details...
Gereratar 1 Dinuhle click an o cwctarn baloa: for antirnization ra
= - PV WS- |Genl|Conv. Initial Operatin Total
> Dle—rte—E] L Vel L AEEE
Correerter \Windais 46 (kW) (kW) | (kW)| Capital Cost (8fyr) NPC
AC oC
Resounces Other
Solar resource @ Economics
“wind resource @ System control
Diesel E Emizsions
@I Constraints

Click Overall: view all possible combinations

400 of 400
Sensitivities: 1 of 1

Simulations:

Frogress:

Calculate Status:

Completed in 3 seconds,

Sensitivity Results Optimization Results ]

Double click on a system below for simulation results. (" Categori; @ Overa; Export. Details...
" PV WS- |Genl|Conv,| Initial Operating Total COE |Ren.| Diesel | Genl -
g e kW)| (kW)| Capital | Cost@siy)| NPC  [smw |Frac| © | (hrs)
& 25 $10000 24713 $325917 0464 000 38374 87. =
uid ) 10 25 5 $49.000 24,3617 $360419 0513 012 36573 B7.
F 3 10 2510 $ 53.000 24 450 $365568 0521 012 36530 B.7.
¥ e 10 25 15 $ 57.000 24557 $370916 0528 012 36530 387.
A 1 25 5 $44.000 25,964 $375906 0535 000 38325 B8.7.
ud ) 15 25 5 $ 66,500 24,268 $376.727 0536 017 36038 B8.7.
e 30 $12.000 28,814 $380341 0542 000 43945 87.
F 3 15 25 10 $ 70,500 24279 $380.866 0542 017 35813 B.7.
M 1 25 10 $48000 26070 $381.265 0543 000 38325 87. 68




Analysis of the System

Click “Cateqorized”

400 of 400
1 of1

Simulations:

Frogress:

Calculate Status:

Sensitivities: Completed in 3 seconds.

Sensitivity Results  Optimization Results l

Double click on a system below for simulation results. @ Categori; (" Overal _Export. Laale
" PV |W35-.| Genl|Conv. Initial Operating Total COE |Ren.| Diesel | Genl
g c 2 e kW) | (cw)| capital | Cost(siy)| NPC  |skW.|Frac| L | (hrs)
E} 25 $ 10.000 24713 $325917 0464 000 38374 8.7.
7 E} 10 25 5 $49.000 24 361 $360419 0513 012 36573 8.7.
,L E} 1 25 5 $44.000 25964 $375906 0535 000 38325 8.7.
& )l *3F 10 1 25 5 $79000 25508 $405075 0577 012 36531 87.

Now back to “Overall’, and choose any system of
Interest by clicking/ double clicking

400 of 400
Sensitivities: 1 of 1

Simulations:

Frogress:
otatus:

Calculate

Completed in 3 seconds

Sensitivity Results  Optimization Results ]

Double click on a system below for simulation results. (" Categori: @ Overal Export. Details..
b PV |WS5-.|Genl|Conv. Initial Operating Total COE |Ren.| Diesel | Genl
"’LCB (KW) (kW) | (kW) | Capital | Cost($/yr) MPC B/KW .| Frac. (L) (hrs)
'[j} 25 $10.000 24713 $325917 0464 000 38374 B8.7.
_______ F 10 25 5 349000 24361 $360419 0513 0.12 36573 87.
ﬂ _______ [l $53000 24450 $365558 0521 012 36530 87.
["_,5'3 10 15 $57.000 24557  $370916 0528 012 36530 &87.
AL ) 1 25 5 § 44,000 25964 $375906 0536 000 38325 B7.
ad CB 15 25 5 $ 66,500 24 268 $376727 0536 017 36038 &87.
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Analysis

Simulation Results

‘Simulation Results

Swstern Architecture: 10 kW PY 10 kv Rectifier Total NFC: $ 365,558
25 kvy Generatar 1 Levelized COE: $ 0.521/kwWh
10 kWY Inverter Operating Cost. $ 24,4504
| CostSummary | Cash Flow Electricall PV l Genl l Converter | Emissions | Hourly Data
Costtype: 350,000 Cash Flow Summary
(8 Metpresent
(" Annualized 300,000
[+ Reverse sign
250,000
&
&
Categorize: gzuu-uuu'
(& By component g
" By costtype i P00,
E
[~ Show details = 100,000
50,0004
0 I
P Converter
Compare...
Caompaonent Capital ] Replacement ()] O [F) Fuel [$] Salvage [§] Taotal [$]
Py 35,000 77958 o 0 -4,369 38,426
Generatar 1 10,000 E4,532 55,953 126730 -BE0 FE415
Corrverter 8,000 3,338 a 0 21 10,717
System 53.000 75,665 55,953 126,730 -5.850 365,558
#ML Beport HTML Report Help Close

v



PV Output

‘Simulation Results o TR
bg

Systermn Architecture: 10 kW Py 10 kvy' Rectifier Total MFC: $ 365,558
26 kWY Generatar 1 Levelized COE: $ 0.521/4Mvh
10 kW Inverter Operating Cost: § 24,4504
| Cost Summary | Cash Flow | Electrical PV ‘Gen‘l ] Converter | Emissions | Hourly Data
[uantity Walue Units [Auiantity Walue nits
Rated capacity 100 kw rimirnurn output 0.00 kw
tean output 113 kw b amimumm oukput 954 lw
tdean output 272 kwhid P penetration 180 %
Capacity factor 1.2 % Hours of operation 4,380 hrdyr
Tatal praduction 9911 kwhdyr Levelized cost 0303 $/kWh
o PV Qutput i

T
=

Hour of Day
Fa

! v L A

o

Apr May Aug Sep

<ML Report HTHML Repart Help ‘ Close ‘




Electrical Output

Simulation Results o T R ————

Swstern Architecture: 10 kW PY 10 kv Rectifier Total NFC: $ 365,558
20 ki Generator 1 Levelized COE: $ 0.521/kMh
10 kWY Inverter Operating Cost. $ 24,4504
| CostSummary | CashFlow Electrical IPV | Gen1 | Converter | Emissions | Hourly Data
Production ke % Consuniption ke % Quantity kb 4
PV array 9.911 12 AL primary load 54,933 100 Excess electricity 30,254 w2
Generator 1 TE.O087 88 Total R4933 100 Unmet electic load 0000535 0o
Tatal 85,938 100 Capacity shortage 0442 IR
| Quantity Walue
Renewable fraction 0115
12 Monthly Average Electric Production
=
- Generator 1
g
&
¢ Jan Feb Mar Apr May . Jun " Jul Aug . Sep " Ot Mowv . Dec
#ML Beport HTML Report Help | Close

12



Sensitivity Analysis on Wind Power

Click Wind resource

Click “Edit Sensitivity Values” >> Do so for Load, Solar, and Diesel
Primary Load

Wind Resources

Sensitivity Values

Sensit‘éjty Values

Variable: Wind Data Scaled Awverage
Units: mis
Link with: | <none> ~|
Yalues: 1 3,260 - Clear

2 5.500

3 7.500

4 9.500

5

E

7

g

9

10

11

12 ﬂ

Help | Cancel | (0] 8

Sensitivity Values

Solar Resources

Sensitivity Values

[

Yariable: Primary Load 1 Scaled Average
Units: kidh/d

=

Link with: |<none>

Ly
Yariable: Solar Data Scaled Awverage
Units: kivh/rr®id

=

Link with: |<none>

Diesel Fuel

Units: Bl

Yariable: Diesel Price

Link with: |<none>

Walues: 1

Help

Walues: 1 - Clear Yaluas: 1 40M0 - Clear

2 2 8.000

3 3 12.000

4 4 16.000

5 5

B B

7 7

8 8

g g

10 10

1 1

12 ﬂ 12 ﬂ

Help | Cancel | oK | Help | Cancel | oK
=l
=
Cancel | Ok
|




Sensitivity Analysis

Save and Calculate Vi i f S
NeW We See the tab for Sensitivity Results  Optimization Results\

Sensitivity variables

“Sensitivity Results” Wind Speed (m)[35 <]

Sensitivity Results \ Optimization Resulis l

Graph type |Optima| systemtypeﬂ (" Tabul:ie Graphi
Sensitivity variables

Frimary Load 1 (kiwh/d) |x-axis * | Global Solar (KwWh/m2id) |y-axis * | Wind Speed (m/s) |3.26 | Diesel Price ($/L)|04 -
Variables to plot
Superimposed |F‘V Production ﬂ Mew Window...

Optimal System Type _ System Types
0 - Gen1
I Pvicent

Superimposed
PY Production (KWhiyr)

Fixed
M| Wind Speed = 3.26 mis
Diesel Price = S0 4/L

Global Solar (KWWhin/d)

40 60 &0 100 120 140
Right click to copy, save, or modify Primary Load 1 (kKWhid)
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HOMER — Input Summary Report

HOMER Produces An Input Summary Report:
Click HTML Input Summary from the File menu, or click the toolbar
button:

HOMER will create an HTML-format report summarizing all the relevant
iInputs, and display it in a browser. From the browser, you can save or
print the report, or copy it to the clipboard so that you can paste it into a
word processor or spreadsheet program.

IFiIe View Inpukts  Cutputs  Window

held B BB T
S A b )
-quipment [o con HTML Repart Lddy

1 I
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HOMER — Simulation Result Report

HOMER Produces A Report Summarizing The Simulation Results
Just click the HTML Report button in the Simulation Results window:

System Architecture:

CostSummary | Cash Flow | Electical | PV

Costtype:
@ Netpresent
i Annualized

[v Reverse sign

Categorize:
i@ By component
i By costtype

[ Show details

Compare...

10 kW P
25 kv Generator 1
5 kWY Inverter

350,000

5 kv Rectifier

lGen‘I ]Convener Emissions | Hourly Data

Cash Flow Summary

Total NPC: § 360,419
Lewvelized COE: $ 0.513/kWh
Operating Cost. § 24,361 A

300,000 4

250,000 4

200,000 4

150,000 4

Net Present Cost ($)

100,000

50,000 4

0

Compaonent
W
Generator 1
Converter
Sustemn

P
Capital [$] Replacemnent [$]
35,000 7795
10,000 B4.532
4,000 1.663
43,000 73,936
ML Report

O&M [$) Fuel [$]
55,

55,953

HTKL Report |

0
18v.003
0
187,003

Converter
Salvage ($] Total (§]
-4.369 38.426
-860 F16.634
-3 5,358
-5.533 360,419
Help Close
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What Is this message for?

MY PV search space may be insufficient.

‘W Caonveerter zearch space may be insufficient,

Completed in 3:17.

':.-I
A=

Those messages mean that:

you need to expand your search space to be sure you have found the
cheapest system configuration.

If the total net present cost varied with the PV size in this way, and you
simulated 10, 20, 30, and 40 kW sizes, HOMER would notice that the
optimal number of turbines is 40 kW, but since that was as far as you
let it look, it would give you the "search space may be insufficient"
warning because 50 kW may be better yet.

It doesn't know that until you let it try 50kW and 60kW.

If you expanded the search space, HOMER would no longer give you
that warning, since the price started to go up so you have probably
identified the true least-cost point.
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