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HOMER

Homer (Hybrid Optimization Model for Electric Renewables)
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Innovation for Our Energ with single or multiple
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Photovoltaics

Wind turbines
Biomass power
Run-of-river hydro

Diesel and other
reciprocating engines

Optimization Model —# Cogeneration
' = Microturbines
Batteries
Grid

Fuel cells
Electrolyzers




Homer — a tool

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

Batteries
Diesels

Microturbines
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Homer - capabillities

Finds combination components that can service
a load at the lowest cost with answering the
following questions:

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 a system design over the 8760 hours in a year
Optimization—Simulate each
system configuration and display list of systems sorted by
net present cost (NPC)

Life-Cycle Cost:

Initial cost — purchases and installation
Cost of owning and O&M and replacement

NPC: Life-cycle cost expressed as a lump sum in “today’s dollars”

Sensitivity Analysis—Perform an optimization for each
sensitivity variable



Features

Homer can accept max 3 generators
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Renewable Technologies
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Features

Emerging Technologies
Fuel Cells
Microturbines
Small Modular biomass

Grid Connected System

Rate Schedule, Net metering, and
Demand Charges

Grid Extension

Breakeven grid extension distance:
minimum distance between system
and grid that is economically feasible
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How to use HOMER

1. Collect Information
Electric demand (load)
Energy resources

. Define Options (Gen, Grid, etc)
Enter Load Data

Enter Resource Data

Enter Component Sizes and Costs
Enter Sensitivity Variable Values

. Calculate Results

. Examine Results
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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.




HOMER Users

System designers:
. I::Ith o

evaluate technology options ap2 B a2\

. : (NGO
Project managers: 268 (5.55%)

Indrvidualf———,

evaluate costs of different 838 (17.75%)

options
Program managers: Forprof SorporaTon

1004 (20.779%)

explore factors that affect system

design (resource availability, fuel _
price, load size, carbon HOMER Users Worldwide

emissions, etc.) P Over 81,796 users

2 ]
Educators: 193 countries

teach and learn about renewable
energy technologies 10

> 1,500+ new users per month




HOMER software

s://analysis.nrel.gov/homer/

THE OFTIMIZATION MODEL FOR DISTRIEUTED POWER

New Distribution Process for NREL's HOMER Model

About HOMER
Overview Note! HOMER is now distributed and supported by HOMER Energy
User Interface {(www.homerenergy.com)

Version History . . . o )
Deer Tostrmomniaks To meet the renewable energy industry’s system analysis and optimization needs ,

Ask Tom (FAQs) NREL started developing HOMER. in 1993. Since then it has been downloaded fre_e of

charge by more than 30,000 individualsg ——-—--—*-—- *"7™- ——----——-—* ——-— = -
Software (Visit HOMER HOMER is a computer model that simpli . s by
€ homerenergy.com/software.htm

Energy) both off-grid and grid-connected powe| .~ .

Getting Started Guide distributed generation (DG) applicationg Df
(PDF File, 720 kB) algorithms allow the user to evaluate t

Brochure (English) number of technology options and to a

] HOME SOF

(PDF File, 564 "CE_” energy resource availability, and other :
Brochure (spanish) renewable energy technologies:

(PDF Fila, 1.2 MB)

NREL /h S
SOFTWARE HOMER is a computer model that simplifies the

H Omerenergy Com Download HOMER task of designing distributed generation (DG)

Support systems - both on and off-grid. HOMER's

optimization and sensitivity analysis algorithms

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

User Interface




HOMER download

Get the “LEGACY” version free
Registration required

[
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 (T'T HOMER)
designing and analyzing
hybrid power systems, which
contain a mix of conventional generators, combined heat and power,
wind turbines, solar photovoltaics, batteries, 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 | | 15, registered and have a password.

New Users | | need 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 trial period. No credit card
or payment information is required to try the software. The trial version is fully
functional.

If you wish to license HOMER 2 for an additional 6 months at the end of your trial, you may
do so for $99.99

(You will be asked to log in or create an@ccolint.in order to doyriload"but no payment information will be requested.)

D AD
)
Are you looking for HOMER Legacy? HOMER Legacy is an‘éﬂﬂp&ﬂ‘!ﬂ. never updated,
no-cost version of HOMER. You may obiain a 'S.fo' HOMER Legacy, which is

are using the software. Download HOMER Le be asked to log in or

renewable indefinitely. We ask only that you spfmesomeDasyewormation about how you
&-
create an account in order to download HOME!

(Sa~



HOMER legacy for free

Download HOMER software

SOFTWARE HOMER: The Hybrid Optimization Model for Electric Renewables

Dowrnload HOMER

D 1 |
support Try HOMER free for 14 days Free ownloac

User Interface Purchase a 6-month HOMER
license

*Downlosd and install the trial before purchasing.

. 5—9-9— $4Q previous user discount Buyitnow
Documentation

Getting Started
Guide (PDF)

Sample Files

e Resources for HOMER Users, Sample Files, etc.
Bibliography (FPDF)

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

Resource Files TMY2 Solar data - Download

Legacy Software

m

(]
M

HOMER Legacy

Renew HOMER Legacy (was Free
HOMER 2.68)

a a a a VIPOR® Free Download

*WIPOR optimizes the layout of wires and transformers within a mini-grid. We offer it for free because it is not fully 13
documented or supported but you are welcome to use it.

Renew



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

14



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

15



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

57 —
Hydrogen tank
& PV
Primary Load a
DC Battery
&
1' - Electric Load -f
Grid P

Converter
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HOMER - Dispatch Strategies

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.

17



NPC (Net Present Cost)

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: Are you willing to 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

$85,000 x (1 + 0.1) = $93, 500

FV = Cp x (1 +7)

future value $93,. 500 > $91. 000

Present Value (PV) perspective

, $91, 000
PV x (1 +0.1) = $91, 000 PV — — " — = $82,727.27
. C1 present value $82, 727.27 < $85, 000
PV — 14 where ('1 is cash flow at date 1

19



NPV (Net Present Value)

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

NPV = PV — C'ost.

NPy — 391,000 $85, 000 = —$2,273
Formula: v P . ' C's C'r
1 f = —C —+ + ...+
0+ 14 r (1 + )2 (1+r)t
. T C’;
NPV = —Cg +
: 0 Z?zl (1 + 'T‘)?

20



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.

Year Cash Flow Present Value
0 -$500,000 -$500,000
1 $200,000 $£181,818.18 inkial
2 $300,000 $247,933.88 Vinar 1 Viar2 y—
3 $200,000 $150,262.96
Net Present Value = $80,015.02 v
n . - $200.000 $300. 000 $200. 000
NPV = —%500. 000 + - -+ -
1.10 1.102 1.103
NPV = —Co+ S 0 S
’ - 0 i=1(1 4 )

21
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NPV InExcel

P TTTrTTe

fe| =C3/(1+B3)1A3

D3 - _D3+E2
A B C D E
1 Year| Interest| Cash Flow PV NPV
2 0 01 ~500000|-500000.00|-500000.00 600000.00
3 1 0.1 200000| 181818.18[-318181.82
4 2 0.1 300000 247933.88| -70247.93 400000.00
5 3 0.1 200000| 150262.956] 80015.03
6 4 0.1 100000| 68301.35| 148316.37
7 5 0.1 100000] 62092.13| 21040850 200000.00
8 5 0.1 100000 56447.39| 266855.90
9 7 0.1 100000| 51315.81| 318171.71 0.00 -
10 8 0.1 100000| 46650.74| 364822.45 456 7 8 91011
11 9 0.1 100000| 42409.76| 40723221
12 10 0.1 100000| 38554.33| 44578654 -200000.00
13
-400000.00 -
~600000.00

NPV = —%500, 000 4

%200, 000

2300, 000

$200. 000

1.10

1.102

1.104
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Optimization

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

23



Optimization Example

Configuration and 140 (5x1x7x4=140) search spaces
FL30

Gen Batteries Cornverter

[Quantity) [ kM) [Quantity] [k

Fuhrlander 30 Primary Load 1 1] 135.00 0 0.00

800 kWh/d 2 1 16 30.00

108 kW peak 3 > e 50,00

Battery 4 3 48 120.00

5 4 B4
Generator Converter = 178
AG DC 8
Overall Optimization results
: FL30| Gen | Bat. | Conv. I ritial T atal COE Diesel GEen
A C3| ""‘—E“I kW) kw) | Capital NPC  |(g/kwh)| (L) thrs)
A e E 1 135 64 30 $216,500 $849905 0.273 75107 4528
W Wemcy= 2 135 64 30 $ 346,500 $ 854660 0274 54434 3350
W Wac 1 135 48 30 $ 200,500 $855,733 0275 78.061 4910
At = 2 135 48 30 $ 330,500 $856.335 0.275 57654 3.685
Categorized optimization result

; FLZO| Gen | Batt. | Conyw. | ritial Total COE Diesel Gen
A CBl E“[ (k] (kw] |  Capital MPC EAcwhl (L) [hrs])
W ey = 1 135 64 30  $ 216,500 $849.905 0.273 75.107 4,528
mcyis 135 64 20 % 86,500 $ 885175 0.284 101,290 5528
—c 135 $0 $ 996,273 0.320 132.357 B.760
I 1 135 $130.000 $1.130.637 0.363 127.679 8.740




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 single input variable:
Grid power price
Fuel price, ‘J_::?'%_ESJ:;T EEEEEEEEEEEEEE

Interest rate T

Lifetime of PV array

Solar Radiation

Wind Speed |

I
=
%
R
t
o
o
(KWhire




Total Net Present Cost (3)

Why Sensitivity Analysis? Uncertainty!

When unsure of a particular variable, enter several 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 Tabular Format
Spider Graph Diesel < FL30| Gen | Batt. | Conv. Total
1:000.000 7 —& Diesel Price 3 |AC3 @ [kiw] (kw)|  NPC
] ~@— FL30 Life " -

950,000 o Gon O&M Multipier | 0420 (B ED 135 48 30 $688.679
] 0450 (A 135 48 30 $721.987
900,000 - 0.480 A &5 2D 1 135 B4 30 $753695
] 0510 A &3 659 1 135 64 30 $777.748
850,000 . —a— 0.540 A 3 69 1 135 64 30 $801.800
/ 0570 A D 1 135 64 30 $825852
800, DDO Best Estimate = 0500 A 5 & EF 1 135 B4 30 $843.305
Diesel Price = $0.6/L 0630 A CBEIE 2 135 B4 30 $872.093
?5’0,0[}0 FL30 Life = 25yr 0.6E0 (,‘[ ! ‘:.* @ D 2 135 B4 30 4 889,525
] Gen O&M Multiplier = 1 060 L 3@FE 2 135 64 30 $906.957
700,000 4 . . . ' . . 0.720 A B 2 135 B4 30 $924.389

0.7 0.8 0.9 1.0 1.1 1.2 1.3 26
Value Relative to Best Estimate



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

© S { [0 Dsl/Battery

-.‘J
o
h

o)
|

System Types
[ PV/Battery
PV/Dsl/Batt
B wWind/PV/Battery
B wWind/PV/Dsl/Batt

&

Annual Average wind Speed (m/s)
I "
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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 )8



Physical Modeling - Resources

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

29



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

30



Components- PV, Wind, and —Iydro

PV Arra - ] lec IV curve of the solar cell
y . PP vV — .fP \Y YP A% [_T \ ?hti n:”xzmucharr:emtfrloma

fPV: PV de_ratlng factor S oar {‘.f:-lemd occurs when the
Yoy: Rated Capacity [kW]

l-: Global Solar Radiation incidence

Current

the solar cell

on the surface of the PV array [k\W/m?] Vo

|: Standard amount of radiation, 1 kW/m?Z. _ e
Wind Turbine ;o

Wind turbine power curve Q | =TT T |
Hydro Turbine

Power Output Eqn = Turbine efficiency, density of Water
gravitational acceleration, net head, flow rate through the

turbine :
Ph‘;‘l’-l — T]hyr_lI-‘}x-.-'alfrc‘.‘::"IrTI'IELQLurhinf
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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-kW];
F, - fuel curve slope [L/h-kW];
Y gen - rated capacity [kW];
Pgen - €lectrical output [kW] -

Fuel Consumption Curve

() uondwinsuo? |ang

F = F{JYgCn -+ Fl chn —'1' - - _:.J



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

Crcp:gcn

+ Fy chn‘:l'uc]:cl'l'

Cgen. fixed = Com,gen T

—
i

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

Crep,gen the replacement cost

Rgen the generator lifetime in hours

Fp the fuel curve intercept coethicient in quantity of fuel per hour per kilowatt

Yoen the capacity of the generator (KW).
Cruel off 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 — F Ctuel eff

Fy 1s the fuel curve slope in quantity of fuel per hour per kilowatthour

33




Components — Battery Bank

Battery Bank
Principal properties:

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)

Capacity (Ah)

280 y

4 Data Poinis "
260 4 Best Fit
@
240 0’
220 "
e
200 ]
<@
180 4 L
160 ‘ h 4 34

T T T T T T T
o 20 40 60 80 100 120 140 160 180
Discharge Current (A)



Components - Battery

Battery Lifetime Curve and Example for US-250

<» Cycles —dp— Throughput

Ryar  life of the battery bank 10.000 > 1,000
o Noan Qnifetime 8,000 800
Ry = min (w-.f‘ehau,f
thrpl 2
2 6,000 600
. . . w <>
Npay 18 the number of batteries in the battery bank, E
. . . 2
Olitetime the lifetime throughput of a single battery., g 4,000 400
. <>
Qurpe the annual throughput (the total amount of 2,000 - 200
energy that cycles through the battery bank in one year) < & ? o
g : i <
Ry, s the float life of the battery (the maximum o 5 20 o e an f:-é}{)n
life regardless of throughput) Depth of Discharge (%)

Battery Fixed cost = $0

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
35
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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:

Crc v batt

. _ I

Chw — N S o
£ ¥ batt g_,]m:t]mc N N

Crep,bart 18 the replacement cost of the battery bank (dollars)
Npan 1s the num ber of batteries in the battery bank.
Qlifetime 18 the lifetime throughput of a single battery (KkWh)

Ny 1S the round-trip efficiency.
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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.



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: $0.0625/kWh [summer], $0.0695/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

38



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

Next Bill Date

February 04, 2013

Your Energy Usage

1000
800

o \}\O\

400

Electric Usage (kWh)

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

39



Emission Trading (“Cap and Trade”)

Market based approach for controlling pollution by
providing economic incentives for achieving reductions
In the emissions of pollutants.

Carbon credits for emission

Firms that need to increase their emissions must buy
permits from those who require fewer permits

Buyer is paying a charge for pollution while seller is
rewarded for reduction of it.

Difference from Carbon Tax: Responsive to inflation
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Carbon Tax

A carbon tax is a direct tax on the carbon content of fossil fuels
(coal, oil and natural gas).

A carbon tax is the most economically efficient means to convey
crucial price signals that spur carbon-reducing investment.

Carbon taxes should be phased in so businesses and households
have time to adapt.

A carbon tax can be structured to soften the impacts of added costs
by distributing tax revenues to households (“dividends”) or reducing
other taxes (“tax-shifting”).

Support for a carbon tax is growing steadily among public officials;
economists; scientists; policy experts; business, religious, and
environmental leaders; and ordinary citizens.
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Carbon Tax Implementation — US and Canada

California

In 2008, 9 counties around the San Francisco Bay area --- 4.4
cents per ton of CO2

Maryland

In 2001, $5 per ton of CO2 from any stationary source emitting
more than a million tons of CO2 during a calendar year

Quebec

$3.50 per ton of CO2 (equivalent)
British Columbia

$10.00 per ton of CO2 (equivalent)
Alberta

$15 per ton of CO2 for companies emitting more than 100,000
tons annually. 42



Components - Boiler e

3
BOller r Boiler Inputs ‘-*

. - . File Edit Hel
Assumed to provide unlimited = Tlhb-|e-p — |
g boller 15 an 1dealized component that can serve an unl
amount Of thermal energy on @ fecorent fromageneratnrreﬂucesthefuel consumption ¢

H boler.
d e m an d Therm‘? acl 1 r Hald the printer over an element or click Help for more infc
Input type Of fuel’ bo”er effICIenCyHesources Other :

. . Diesel ﬁJ‘ Ecanomi ;
emission ﬂ ﬂgpstem: Fuel é v Detal
F|Xed COSt: $O ﬂEmiSSiU”' Efficiency (%) ah M

. ﬂﬂunstrail
Marglnal cost: Ermissions factars
- ~ 3.6Ctuel eff
boiler.mar —
T].ImilcrLHVﬁ,lcl

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

Nboiler 18 the boiler etficiency

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.

25

—¢—Higher Heat Value
Typical Higher and Lower Heat Values for Fuels
20 |

Fuel Type Higher Heat Value (kJ/kg) Lower Heat Value (kJ/kg) _

Wood, Dry 21 197 gls

Grass, Dry 18.5 174 E

Dairy Manure, Dry | 20.5 19.3 Sl

Coal, Bituminous 28 26 z

Natural Gas 425 381 5 |

Fuel Oil 459 43

Gasoline 479 43.8 0

Ethanol 298 269 0 10 Znﬁmsture %gntem[%‘%ﬁ 5'3'44 60




Components — Converter

Converter
Inversion and Rectification
Size: max amount of power it Lonverter
delivers

Synchronization ability: parallel run
with grid
Efficiency

Cost: capital, replacement, o&m,
lifetime
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Components —Fuel Cell

Elect_rolyzer. - .
Size: max electrical input -~/

Min load ratio: the minimum power input at which it ~ Hydrogen tank
can operate, expressed as a percentage of its s
maximum power input.

Cost: capital, replacement, o&m, lifetime lil
Hydrogen Tank

Size: mass of hydrogen it can contain

Cost: capital, replacement, o&m, lifetime

Electrolyzer
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Operating Reserve

Operating Reserve

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 47




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 48
electric load.



Dispatch Strategy for a system with Gen and Battery

Dispatch Strategy
Whether and how the generator should charge the battery bank?
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.
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Control of Dispatchable System Components

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

& «—T¥

Primary Load Hydro
- <+—p|Z <+—>{ 5
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

Cost ($/hr)

T T
40 60 80

¢

{

l

0] éo J
Pow(er To AC Bus (kW)

\

|

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

! Protect your batteries from over-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 Volt configurations.

300 Watt Dump Load for 12 Volt 300 Watt Dump Load for 24 Volt

Systems Systems
$21.98 $21.98
. L i'.' :'I"i-:l }?.‘I"'- = _i d :'I"'.:-I:—.‘ —I"-
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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,

§— C Rrem Crep the replacement cost of the component
o erep

Rcomp R.m the remaining life

Rcomp 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 Iinterest rate = nominal interest rate —
Inflation rate

Real cost =2 In terms of constant dollars
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NPC and COE

Total NPC
Cann.tot Clanntor 18 the total annualized cost
Cnpe = : '
CRF(i, N)

{ the annual real interest rate (the discount rate)
N the project lifetime.

CRF(-) 1s the capital recovery factor
| i(1 4 )"
(1+ V-1

CRF(i,N) =

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

c Cann.tor 18 the total annualized cost,
COE — -ann,tot

Eprin] 1 Edci' i Egridﬁﬂlﬂﬁ

Eyim total amounts of primary load
E4.¢ total amounts of deferrable load

Eorid sales 18 the amount of energy sold to the grid




What HOMER includes in NPC

Knowledgebase: Economics

10303 - Total net present cost in HOMER

osted by on 21 December zo010 EL

What is meant by life cycle cost and how it is determined?

HOMER uses the total net present cost (MPC) to represent the Wife-cycle cost of 3 system. The total NPC condenses all
the costs and revenues that occur within the project lifetime into a single lump sum in year-zero dollars, with future cash
flows discounted back to year zero using the discount rate. Costs may include capital costs, replacement costs,
operating and maintenance costs, fuel costs, the cost of buying electricity from the grid, and miscellaneous costs such as
penalties resulting from pollutant emissions. Revenues may incilude income from seiiing power to the grid, plus any
salvage value that occurs at the end of the praject lifetime.

With the MPC, costs are positive and revenues are negative. This is the opposite of the net present value (NPV). As 3
result, the NPC differs from MNPV only in sign.

To see a detailed breakdown of the how HOMER calculates the total MPC for any system in the Optimization Results list,
double click on that system to see the Simulation Results window, switch to the Cash Flow tab, and click the Details
button in the top right corner. HOMER will display a spreadsheet showing the cash flows that occur in every yvear of the
project lifetime, broken down by component and type. If you choose to display the discounted cash flows, the total net
present cost will appear in the bottom right cell.
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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

0.0

Laoad Profile

=0D.03
=,
=

c 0.0z

Q
S0

(LR
o

Daily Radiation [KWh/m2id)
O = M Wk oD

=] 12 12
Howr

Solar Resource

=
G

o
t

o

e
Lo

2
b

2
B

Jam Fab hMar Apr MMay Jun Jul Aug Sep Oct Mow Dec

D aiby Radiation = Cleamess Inde:

Economics:
* Real annual interest rate at 6%
Reliability Constraints
* 0% annual capacity shortage
Sensitivity Analysis range: [05§
— 5]%

I
i

Clearnazs Index



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

fomcy

Generator 1

&

Frmary Load 1
302 'Wh'd

71 %W peak

Generator: not allowed to operate at Converter Battery
o :
less than 30% capacity . -
Component Size Capital Replacement O&M Cost ($) Lifetime
Cost ($) Cost
PV Panels 005-50 S7,500/kW 57,500/kW 0.00 20 years
KW
Trojan T-105 225 Ah/6 S75/battery S75/battery $2 00/year 845 kWh
Batteries volt (bank of throughput
size: 1 -54 per battery
batteries)
Converter 0.1-40kW | 51,000/kW 51,000/kW $100/year 15 years
Generator 425 kW 52,550 52,550 $0.15/hour 5000 hours
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Diesel
price
$0.3/L

Diesel
Price
$0.8/L

)

b
w &
A f

Max. Annual Capacity Shortage (%
(3]

K ) £
I 1 1

Max. Annual Capacity Shortage (%)

==
il

Analysis Result

Opritnal e-ln Tyvpe

5 =] 10
Primmary Load 1 {(kWh/d}

Optimal System Type

5] =3 10
Primary Load 1 {(kWhid)

12

System Types

[ ]pvmsatiery

I P izent Batt

Fixed
Global Solar = 5.43 Kvwham2id
Die=sel Price = 0.3 $iL

Swvstem Tyvpes
[ ]PviEsattery
I v iGent Bt

Fixed
CGlobal Solar = 5.43 KWWhim2dd
Die=sel Price = 0.5 L
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HOMER: Getting Started — with existing file

1. “ExampleProject.nmr”

2. Open the Example Project File:
ExampleProject.hmr

3. Click the Primary Load

»
ana' nad 1 ‘_%J

151 kvwihid
25 kv peak

E quipment ko congider

Generatar 1

—» [l +—>
Cormerter BT L1
aC DC
Resources Other

Economics

Solar resource
ﬂ Wind resounce
y Dieszel

Syztem contral

Emissions

o)

Constraints

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

W " T VITYY  LIpULS LAULPULY W IOWY 1 TSI
0O = B B ?
Add/Remowve..

—pv”
Primary Load 1

25k peak

Equipment to consider

Sirmt
Calculate
Sen

Sensitivity Results l Optimization Results ]

&
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Find the Site [Location]

Latitude and Longitude

Your dorm room
Your home
Your favorite place

c Q, search

www latlong.net 30%
ted @ Getting Started @ New Tab 3
Place Mame

-

Washington, DC

Add the country code for better results. Ex: London, UK

Latitude Longitude
32007102 -77.026871
ey Degrees in Decimal
. = —
Map  Senciine | Dupont Circle Church St HW
- Stead Park
-1 g M - . Logan Cirche

Histaric District
Whale Foods Markat

- Glant F
The Front Page@ 2 P * I_.,-.\."- e 0 5t NW
- = @  Olows Condominiums
PI MW it = 7
Firedly @ =
: ol 2
oz y = 3
Cainedral of S1. o 7 =
Matthew the Apagt] Washingtan Plaza & % =
@ The Westin Washingtan, L -
McDonalds @ DE Eity Center A St M
o @ Loews Madison@ @ 1
. Walter E Wa_ " g
HNational mq::z:[& o ""ﬂ\l
+
e, =
Google Nordstrom Rack G T L = AN g e 0T o + T i
Lat Long GPS Coordinates Map Mouse Over Location

(38.907192, -77.036871) 38° 64' 258912" N
77°2'12.7356" W
ﬁ]egrees in Minutes Seconds |

| Degrees in Decimal |
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LAT and LONG --- Conversion

6 transition.fcc.gov/mb/audio/bickel/DDDMMSS-decimal.htm 8 - Google

£ Most Visited Getting Started New Tab

Go to FCC.gov

—— Search | RSS | Updates | E-Filing | Initiative}

Communications
A,

Commission
Degrees/Minutes/Seconds to/from Decimal Latitude/Longitude

Audio Division

, , Decimal Degrees to Degrees Minutes Seconds
Degrees Minutes Seconds to Decimal Degrees

Enter Degrees Minutes Seconds latitude: 25 54 25,201 Decimal Latitude: 38.801792
Enter Degrees Minutes Seconds longitude: | 77 2 12735 Decimal Longitude: -77.036871
Convert to Decimal Clear Values Convert to Degrees Minutes Seconds Clear Values
Results: Laritude: | 38.907192 e 77036871 Results: Latitude: | 38° 54' 6.4512" Longitude: | -77° 2 12.7356"
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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

E Solar and Wind Energy Resourc... | + | -

B CAAIC AT L)
€ en.openei.org/apps/SWERA/ e | |28 - Google

Data Sets Analy5|s Tools About SWERA

“\ Greeniand
\

Fintand

el Sodar and Wind l:mm Reiounte ALsELSmaent o e P
Nerway
United
Kingd
Canada o Poland
Germany - Ukralne e
T France 5
Frerr Italy
n North United States North Turkey
Pacific - %
Beeeh Atlantic I Afghani
Ocean Iran
Algeria | |jpya (EavPt Pakls~
U
B Arabla
Mali | Miger Sudan
- Chad
Venezuela Nigeria < Ethicpla
Colombia 5 > -
-y DR Conge, Ren¥a
o Elineat 5 Tanzania
Y Latitude Longitide Homer XML £ Angola
3 Namibia
o T : 36.76 12728 Get HOMER Data amﬁomma e
GO | Soorhn
Lgle i Pacific Atlantic Ktap data @2012 - Terms of Use

r Solar F Wind -] Climate Homer




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

— <data>
— <monthly>

—<monthly average radiation>
<float> 2.82 </float> Jan
<float> 3.69 </float> Feb
<float> 4.49 </float> Mar
<float> 5.40 </float> Apr
<float> 5.57 </float> May
<float= 4.99 </float> Jun
<float> 4.17 </float> Jul
<float> 4.19 </float> Aug
<float> 3.95 </float> Sep
<float> 3.55 </float> Oct
<float> 2.76 </float> Nov
<float> 2.55 </float> Dec

</monthly average radiation>

</monthly>
</data>=
— <scaled annual average>
— <values> Annual
<float> 4.01 </float> Average

</values>

<data=

— <monthly>=>
— <monthly average wind speed>=

<float> 3.46 </float>
<float> 3.66 </float>
<float> 3.81 </float>
<float> 3.91 </float>
<float> 3.43 </float>
<float> 3.03 </float>
<float> 3.02 </float>
<float> 2.88 </float>
<float> 2.68 </float>
<float> 2.73 </float>
<float> 3.25 </float>
<float> 3.34 </float>

</monthly average wi
</monthly>=

</data>
<scaled annual average>

— <values>=
<float=>= 3.27 </float=

— <anemometer height>
— <values>

<float> 50 </float>
</values=>

</anemometer height>
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Import XLM File from SWERA

SWERA
Lat & Longs - Get Homer

From the XLM data screen
CTRL+S (save to a xIm file)

Now with HOMER
File>"Import XLM”
Wind Resources are automatically filled

Solar Resources are automatically filled
Lat N, Long E = marking error
But kWh/m2 is kept the same.
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If SWERA Does not connect with Homer

1. From SWERA, click Analysis Tools

g Solar and Wind Energy Resource Assessment

A United Nations Environment Prajriisittetaaiitaecade
SWers Getting Started Data Sets
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If SWERA Does not connect with Homer

2. Then Click OpenCarto.

@pen EI Information ~ Data  Apps Q &
m Solar and Wind Energy Resource Assessment (SWERA)
SUUQr@ FPowered by OpeneEl

Getting Started Data Sets Analysis Tools About SWERA

[OpenCartoEl

OpenCarto houses the SWERA web based GIS application and provides the tools and data to support a variety of user communities in both small
and large project planning, feasibility assessment, policy making, and decision support. The interface is designed to support collaboration across
industries, geography, and research domains by providing interoperability between a wide range of data types and data sources. All of the data
accessible through the SWERA application can be made available as web services based on spatial data standards and the application itself can
display and explore data from any standards based spatial data service provider. This support for interoperability allows data from a wide range of
providers including government, industry, and academia to be seamlessly integrated into one interface for analysis, querying, and exploration.

Because the OpenCarto framework was developed to support multiple independent applications each application has an intuitive, self-contained
interface that provides users with a focused partal specific to their needs. This is expressed in the SWERA web based GIS where the potential to
provide users with a very large catalog of data does not present data overload in the interface, an identified issue related to many data catalogues.

HOMER

HOMER is used for designing and analyzing hybrid power systems, which contain a mix of conventional generators, cogeneration, wind turbines,
solar photovoltaics, hydropower, batteries, fuel cells, hydropower, biomass and ather inputs.
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If SWERA Does not connect with Homer

Select one of Irradiance dataset

Move your cursor to the city (of your site)
Then click it

The data appears in a pop-up window

Use the data for manually putting the
solar/wind resource information

See the next pages for Solar and Wind
data

68



If SWERA Does not connect with Homer

(- '@'D @  https//maps.nrel.gov/swera/#/7al =qoNIp8%255Bv%2550%3Dt%26qoN c Q, search L 2 ‘ﬁ‘ f-? E 4

|8} Most Visited @ Getting Started @ New Tab 3

Select and Query Data Run Analysis ;.ENRﬂEL SWERA ( beta release ) Home Print Feedb
Data Layers Legend Query ' £ sanabaw P
Canada E -
Climate EhE S = o S
X : MANITOBI - |
4 Direct Normal Irradiance HITCS, 4 TILT NREL Moderate Resolution 21 nearby results * -
DNI DLR High Resolution SASKATCHEWAN 4 Result 1 of 21 INoiAND
DNI GeoModel High Resolution Annual Avg TILT 5.11 5| ([EBRACOR
DNI INPE High Resolution (kWhi/m sq. per day): £
DNI INPE Moderate Resolution I Jan Avg TILT 3.99
DNI NASA Low Resolution j Feb Avg TILT. 4.48
DNI NREL Moderate Resolution . Mar Avg TILT. 5.49
DNI SUNY High Resolution ' 4 Apr Avg TILT 585 ]
| ¥
Global Horizontal Irradiance = May Avg TILT 5.76 i
AKOTE '
4 Latitude Tilt Irradiance DAH ; Jun Avg TILT. 6.01
WO MIN
TILT GeoModel High Resolution R | Jul Avg TILT 569
TILT INPE High Resolution Uditel Stat | Aug Avg TILT 5.45
pited States | =
TILT INPE Moderate Resolution COLORADD RanSAs | By e s TILT A
_ Kansa : y

TILT NASA Low Resolution

% TILT NREL Moderate Resolution
TILT SUNY High Resolution

C INA
Reference . SIA
4 Wind ISIANA
Wind INPE High Resolution
Wind INPE Moderate Resolution — ELOR 02
Wind NASA Low Resolution Mexico

Wind NOAA Moderate Resolution

:ic:uba 6 9



If SWERA Does not connect with Homer

(€)@

B Most Visited @ Getting Started @ NewTab B3

c Q, Search 3+ B ﬁ' E 2 4 =

) & https://maps.nrel.gov/swera/#/?al=ns805H%255Bv%2550%3Dt&blL=gr

Select and Query Data i ;1 NR,E L SWERA ( beta r E'IEE:’SE')

(Change Base Map

Legend Query 4 \Wind NASA Low Resolution

<

Climate 4 Result1of6
4 Direct Normal Irradiance Annual Avg Speed 435
DNI DLR High Resolution (m/s): =
DNI GeoModel High Resolution Jan Avg Speed: 4.9
DNI INPE High Resolution Feb Avg Speed: 4.99
DNI INPE Moderate Resolution = Mar Avg Speed: 521
DNI NASA Low Resolution Uiy Apr Avg Speed: 504

DNI NREL Moderate Resolution May Avg Speed: 4.27

DNI SUNY High Resolution 1 Jun Avg Speed: 3.92
IMING

Global Horizontal Irradiance AR Jul Avg Speed: 3.61
4 | atitude Tilt Irradiance _ Aug Avg Speed: 347
United States -

Emm Rise Bmmmds 2 27

TILT GeoModel High Resolution

—— e T,
TILT INPE High Resolution

TILT INPE Moderate Resolution S BKEAHOMA
e

TILT NASA Low Resolution Xico Dalla

TILT NREL Moderate Resolution TEXAS

TILT SUNY High Resolution
Reference
4 Wind
Wind INPE High Resolution

Wind INPE Moderate Resolution
& Wind NASA Low Resolution (X ?]

Dominican

) i C {Republic
Wind NOAA Moderate Resolution et 2 Puerta Rice



Other Sources for Wind Data

www.windfinder.com
LLINETF=HINCIES,

WWW. Wundergorund com =
1 mph = 0.44704 ms?

New York, NY London UK
65.3 °F Clear °F Clear

Washington, VA

X Ronald Reagan Washington National

addicted to the wind!

1 Knot = 0.514444444 meters [ second

"R ind Speed Wind Gust km
HE uﬁ\M mm/ A 4“% 4 ! A"‘”*.ﬂ‘,,. f‘M’"‘L.»N “‘.ﬁ’”]"*“ub ¥ VTiidnd 'k
T 2 3 4 5 6 7 0 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
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HOMER: Open the file again

Click the generator

25 kW $10,000

Minimum running at 30%

E quapmend bo consider

.

Gererabor 1

SddHermonve
Prmary Load 1
151 kwh'd
25 W peal

Coonvverben B =11

AL ]

S Chooge a fuel, and enter at least one size, capital cost and operation and maintenance [D&k ] value in the Costs table. Mote that the capital cost includes

C:} installation costs, and that the O&M cost iz expressed in dollars per operating howr. Enter a nonzera heat recovery ratio if heat will be recovered from this generator
to serve thermal load. &z it searches for the optimal system, HOMER will consider each generator size in the Sizes to Consider table.

Hold the painter awer an element or click Help for mare infarmation.

Cost ]Fuel ]Schedule Emissions
Costs
Size [kKwW] | Capital ($] | Replacement [$] | O&M [$hr)
0000 5000 0.500
| {3 {3
Properties
Description |Generator‘| Type w AC
 DC

Abbreviation |Genl

Lifetime (operating hours)

Minimum load ratio (%)

o

Sizes to consider
Size [kWwW]
0.000
25.000
30,000
35.000
40.000

Cost Curve

Cost (000 §)
o

0 10 20 30
Size (kW)

== Capital == Replacement

40
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Equipment

Equipment ta consider

Click Wind Turbine | e

Primamy Load 1
151 kw'hid

From the drop down list click through the wind B ook

Generator 1

Adt¥Remove...

X
rd

turbines and look at the power curve. Try to find EE

a Wind Turbine that would best maximize A
Average Wind Speed (m/s) :3.27

Chooze a wind turbine twpe and enter at least one quantity and capital cost value in the Costs table. Include the cost af the tower, controller, wiring, installation, and labaor. A it
searches for the optimal system. HOMER considers each gquantity in the Sizes to Consider table.

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

Turhine type  [EEEEETEEEES Details... New... Delets

Turbine properties
Power Curve

Abbreviation:  WS3-4A  (used for column headings) 12
Fated power. 1.2 kW DC 1.0
tanufacturer: os
Wwebsite wiww windside com § .
= 0.6
2
5
LA
02
0.0
o [ 12 18 o4
Wind Speed {mis}
Costs Sizes to consider
. . K 100 Cost Curve
Quantity | Capital [$] | Replacement [$] | D&M [$49r) Cluartity
\ 1 30000 26000 500 u] .
1
/ 2 3 eo
3 =
B
| i3 | o | g
Other 20
Lifetime {yrs) 15 1}

=]
=]
=]

1.0 5 20 25 3.0

) 5 = ._-ttv
Hub height (m) 2 L} = Capital f"Fllzpnaczmzm
Help Cancel | Ok |

oc
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Equipment

Equiprnent to consider Add/Remove...

Click PV "

Frimary Load 1
151 KWwhid
25 k' peak

Generator 1

Corwerter dindside dé

AT oc

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

Enter at least one zize and capital cost value in the Costs table. Include all costs aszsociated with the PY [photovaltaic] system, including modules, maounting
hardware, and installation. Az it searches for the optimal system, HOMER considers each P amay capacity in the Sizes to Consider kable.

Mate that by default. HOMER sets the slope walue equal to the latitude fram the Solar Resource [nputs window

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

Sizes to consider

Cost Curve

K] | Capital ($] | Feplacement ($] | D& ($/vr) Size (K] e
35000 25000 a 0.000 a0
10.000 &
15.000 g =0
> 20,000 5 a0
3
/ L3 | 't | L3 | 25.000 8 N
Froperties o
0 5 10 15 20 25
Size (KUV)
Output current T AC e DC == Capital == Replacement
Lifetime (wears) Adheme
Cierating factor (%) Tracking system |MNo Tracking -

[ Consider effect of temperature

Azimuth (degrees W of 5)

=
e
Slape (degrees) [ a8
B
o

EEEE

Ground reflectance (2:)

Help | Cancel | K
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Rezources

Resource Information [B] sl resource

%::‘—_: Wind resource
Select Solar Resources, Wind Resources, and Diesel | Diesel
Type in Solar Radiation Type in Wind Speed

HOMER uses the salar resaurce inputs ta caleulate the P amay pawer for each hour of the pear, Enter the lalitude, and sither an average daily radiation value or an
@) average cleamess index for each month, HOMER uses the latilude vaiue ko calculate the average dail radiation fram the cleamess index and vice-versa,

s HOMER uzes wind resource inputs to ¢
~  caleulations, HOMER uzes scaled dat:
Location e contral how HOMER generates the 871

Latitude : ' (@ MNorth  South Time zone

Longitude - " @& East ¢ ‘Mest ‘(GMT+09.DU) Japan, MNorth Korea, South Korea ﬂ

Data source: (@ Enter monthly averages ¢ Importtime series data file Get Data Wia Internet

Baseline data

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

Hald the pointer over an element ar clic

vionty | Cleamess Dy Radialion . Global Horizontal & ia Data s EDFEZ (@ Enter monthly awer
Index [kwh/mzAd) o :
January 0.280 2820 M .
February 0.355 3.690 s os BEaseline data
March 0.427 4430 =z -
apil n&23 5.400 Ea M “Wiind S peed
May 0577 5570 g ] 0e B Manth ,
June 0536 4330 S LT o [m#z]
o §
duly 0442 4170 = - January 3.460
August 0.423 4130 g <1
September|  0.382 3,950 =2 Februamny 3660
October 0343 3550 a .
Mewember 0273 2760 1 02 b arch 2810
December 0.257 2550 April 2910
O —jan Feb *~ Mar ~ Apr  May  Jun Tl Aug  Sep © Om:  New © Dec 0 MEI_I,.I 3430
Daily Radiation === Clearness Index
June 3.030
Anserage: 0.401 4.011
g Plot | Expor | July 3.020
Scaled annual average (kKvvh/m2/d) 4.01 {31 Help | Cancel | (] 4 .-'-\ugust 2820
September 2680
Enter the fuel price. The fuel properties can only be changed when creating a new fuel [click New in
the Generator Inputs or Boiler InpLts window) Octaber 2730
Hold the pointer over an element name or click Help for more infarmation, MNowvember 3250
Diecember 3,340
Frice ($/L) ’—M A
. .
Diesel Fuel Price Dtnieoramoienss a7 50 [0 |
Fuel properties
Lower heating wvalue: 43.2 Mdfkg
Denaity: 820 kg3 Annual awverage: 3.264
Carbon content 88 %2
Sulfur content: 0.33 %% 75
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Equipment

Click Converter icon

5kW $4,000

bt

Egquipment to consider

—> &
Primary Load 1
- 151 Kw'hed
25 kW peak
Generator 1
7]

Corﬁerter

& nr

A canverter iz required far spstems in which DC components zerve an AC load or vice-verza. A converter can be an inverter [DC ta AC). rectifier [AC to DC]. ar

Add/Remove... |

il

windside 42,

Enter at lzast one zize and capital cost walue in the Costs table. Include all costs associated with the converter, such as hardware and labaor. As it zearches far
the optimal spstem, HOMER considers each converter capacity in the Sizes to Congider table. Mote that all references to converter size or capacity refer to

inverter capacity.

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

Costs
Size (kW]

Capital [$]
4000

FReplacement [($] | O&k [$0r]
4000 1]

{1 {1

Sizes to consider

Inverter inputs
Lifetime [wears)

Efficiency (35)

J

[v Inverter can operate simultaneously with an AC generator

Rectifier inputs

Capacity relative to inverter (2]

—y
o 2
m) o

Efficiency (2]

Size ki)
0.000
5.000 =°
10,000 &
16.000 s °
3| S g
a
1.}
1.}
1.}
1.}
Help

Cost Curve

0 5 10 1
Size (KWW}
= Capital = Replacement
Cancel

o]




Other Information

Economics —

File Edit Help

- 0 € HOMER applies the econamic inputs to each swsterm it simulates to caloulate the system's net
eal interest 6 %

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

Lifetlme 25 years Annual real interest rate (%)

FProject lifetime (wears)

5 ]
System fixed capital cost ($) ’70 ij
o ]

System Control et i

Capacity shortage penalty (ikih)

Cycle-charging e | [ ewen o |

e T—

File Edit Help

9‘ The spstem control inputs define how HOMER models the operation of the battery bank and generators, The dispatch strategy
o P determines how the spstem charges the battery bank.

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

Simulation

Simulation time step (minutes) B0 L}

Dispatch strategy
[ Load following
[v Cycle charging

[v Apply setpoint state of charge (32) a0 I
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Other Information

Emission: all 0 [fcmevee

@ Conztraintz are conditions that systems must meet to be feaszible. Infeasible zpstems do not ap
[his time

reserve provides a margin bo account for intra-hour deviation from the hourly average of the |c
rmargin for each hour bazed on the operating reserve inputs.

Hald the pointer over an element name or click Help far mare information.

ConStraI ntS Maximurm annual capacity shortage (32)

kinimum renewable fraction (4]

Operating

As percent of load

reserve 10% oty oo

Annual peak load (24)

CapaCity As percent of renewable output

Solar power output (24)

Shortage O% wind power output (36)

Frimary enerogy sawvings

c

[ Minimum primary energy savings (3]

T L
L R EE

~
(00)



Emission Calculation in HOMER

Generator Inputs

Carbon content of fuel

If CO, Is only interest
Set0to CO

File Edit Help s
Chooze a fuel, and enter at least one size, capital cost and operation and maintenance [0&M] walue in the Costs table.
Mote that the capital cost includes installation costs, and that the O&b cost iz exprezsed in dollars per operating hour.
Enter a nonzero heat recovery ratio if heat will be recovered from this generator to serve themmal load. As it searches for
the optimal system, HOMER will consider each generator size in the Sizes to Consider table.
Hold the pointer over an element ar click Help for more infarmation.
Cost | Fuel | Schedule Emissions

Emissions factors

R Carbon monaoxide (/L of fuel) 65 {1}
Fuel properties —~— Unbumed hydrocarbons (gL of fuel) 0.7. {1}
' Lower heating walue: 432 Mg Particulate matter (a/L of fusl) D49 {1}
DEHSIt—"': 820 kg"llmS Propartion of fuel sulfur converted ta PM (%) 22 L)
Carbon content: 88 = e ides (a/L of fuel) |75E 03
rogen oxides ue ..
Sulfur content: 033 % “ < .
Destination of fuel carbon
Help | Cancel | (1] I Carbon dioxide 99.5 %
- - - Carbon monoxide 0.4 %
10080 - Emission calculation Unbumed hydrocatbons. 0.1%
Total 100.0 %
Posted by on 15 December 2010 03249 F
Help Carncel Ok,

How does HOMER calculate emission, especially carbon dioxide?

If the system you are modeling consumes fuel, HOMER calculates the total annual carbon input by multiphying

the fuel consumption by the carbon content of the fuel. It assumes that all that carbon gets emitted as either
unburned hydrocarbons, CO, or CO2. You enter the emissions factors for unburned hydrocarbons and CO, so
HOMER can calculate how much of the total carbon gets emitted in those two forms. The rest gets emitted as

CO2.

Typically only a tiny fraction of the carbon gets emitted as hydrocarbon and CO, so nearly all of it gets emitted
as C02. If yvou are interested only in C0O2, vou should set the UHC and CO emissions factors to zero. Mote
that 3.67 g of CO2 contains 1 g of carbon. So ignoring UHC and CO emissions, the system will emit 3.67 g of

02 for every g of carbon in the consumed fuel.
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Fuel Carbon Content

Fuel properties
D i ese I ‘ Lower heating value: 43.2 MJAkg
Density: 220 kag/m3
Carbon content: a8 X
Sulfur content: 033 %

Help Cancel | | Ok I

Fuel properties

Lower heating walue: 45 MJAkg
D enzity: 0.739 kgs/m3
N atu ral G aS Carbon content: E7 =
Sulfur content: 033 =
Help Cancel

Gasoline Fuel Properties

* Lower heating walue: 44 bl
Density: A0 kgfm3
G aSOI I n e Carbon content: 86 %%
Sulfur content: 033 =2
Expart =hil Help Close

k.
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Carbon Tax or Penalty

10397 - HOMER and Carbon

Posted by on o4 January 2011 11350 AM

L

The best way to use HOMER and Carbon? Two scenarios suppose you are carbon capped would you just put in a fuel cap. If you
are carbon taxed would you just add cost to fuel.

You can limit or penalize emissions if you click the Emissions button just below the schematic: Carbon penalty Wi”

appear as "Other” O&M
e ke Cost.

Primary Load 1 P
&3’ 79 kKwhd
] e T
> [ 4> 3 File Edit Help
Converter Battery
o] Cozts resulting from emissions penaltes appear as ‘Othes O&M cozt” HOMER discands
AC oC T systems that exceed the specified emizsions lirmits.
Rezources Other
S Pl Ecoronie Hold the pointer over an element or click Help for more information.

ij Dissel

%" Generator control Emissi alt
] MISSI0ONE penaiiges

| Carbon dioxide (/) m 3|

Consztraints

To cap carbon dioxide emissions, click the CO2 checkbox in the lower half of the Emissions window and enter the maximum allowable
emissions in kg/yr. To apply a carbon tax enter the penalty in $/ftonne in the top half of the window. Just be sure to enter it in terms
of $/tonne of CO2, not per tonne of carbon.

You can limit fuel consumption if you click on the fuel button below the schematic. That would have the same effect as limiting
emissions, but you would have to calculate the amount of fuel corresponding to your emission cap. It's easier to just enter the
emission cap. Same with the carbon tax — you could calculate the eguivalent cost per litre of fuel and increase the fuel price
accordingly, but it's easier to just enter the emission penalty.
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Example

3 Generators only to meet a load
Diesel generator — Carbon 88% of 820 kg per 1000 L
Gasoline generator — Carbon 86% of 740 kg per 1000L
Natural Gas generator — Carbon 67% of 0.79kg per 1 m3

Total fuel consumption for each

Diesel — 10,996 L Emissions

Gasoline — 1,762 L Pc::.-llu-tant Emissions (kg/yr)

vatrlGas 2613 e o
Carbon Content Unburned hydocarbons 11.1

Diesel: 820 * 10.996 * 0.88 = 7974 kg/yr Zj;ii”:;j;ﬂ“er :-953

Gasoline: 740 * 1.762 * 0.86 = 1,121 kg/yr Nitrogen oxides -

Natural Gas: 0.79 * 2,613 * 0.67 = 1,383 kg/yr
Total = 10,478 kglyr

Total CO,
10,478 kg * 3.67 = 38.454 kg CO,/year

Added O&M Cost per year with $2 per ton of CO,
$2*38.454 = $76.9/yr
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System Report - Example

Project Period = 25 years

Net Present Costs

Erissons oo

File Edit Help

oy [Costs resulting from emissions penalties appear as ‘Other D&M cost. HOMER discards
systems that excesd the specified emizzions lrits.

Huold the pointer over an element or click Help for more infamation.

Emissions penalties
Carbon dioxide ($/)

36,095,104 for no carbon

Capital | Replacement O&M Fuel Salvage Total
Component
(%) (%) ($) () (%) (%)
Generator 1 2,000 14,307 | 22,294 186 | 112,453 =217 | 22,422 726
Generator 2 2,000 7,693 6,151,354 33,794 -A57 6,194 385
Generator 3 4,000 8,125 G4 33,470 -12 7.,695147
—Other 0 o|(\L o74) 0 0 974
System 8,000 30,126 (36,[}96,0T2y 1?9,?'@“\ -687 | 36,313,236
Annualized Costs - N
Capital | Replacement O&M Fuel Salvage Tota
Component
(B/yr) (B/yr) (B/yr) (Bryr) (S/yr) (B/yr)
Generator 1 156 1,119 | 1,744,001 8,797 -17 | 1,754,056
Generator 2 156 602 481,200 2,644 -36 484 566
Generator 3 313 636 | n98400 1 2,618 -1 601,966
Clother 2 | of——o1 & 784 0 0 76
System 626 2,35?;/ 2,823 677 14,05\9\ -54 | 2,840,665

2,823,602 for

penalty

T

Changed 0O&M
with $2 per

ton of CO2

for the
38 ton emission

penalty,

per vear.
$2x38 $76/vear

no carbon penalty
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Emission Input — Emission Penalty

s A==

E quipment to conszider | Add/Remove... I Simulations: 0 of 144 Progress:
Q Senzitivitiez: 0 of 3 Status:
a5 | Sensitivity Results | Optimization Resuits |
Frirmary Load 1 P
- 43 kwh/d Graph type |Line graph |
—c 4.4 KW peak Varisbles to oot
Generator 1 e 10
,{-\| Primary |P1"'"F'“E"-" Capacity ﬂ Superimposed |<none:
Corwverter wiindzide 44 ;
20 PV Array Capaci
ac DC I "
Resources Other Ensissscgs Inputs
B | Solar resource é_%l“ Economics
J J File Edit Help
ﬁ% Wind resource S| Spstemn contro
) o #7 [Costz rezulting from emizsions penalies appear az 'Other D&M cost’,
¢ Dig=el Ernizzions I HOMER discards sypstems that exceed the specified emissions limits.
@ Constraints Hald the pointer over an element or click Help for more infarmation. |
Warnings Emizzions penalties = =
@ | “our license haz expined. Carbon dioxide [$/1] / 2 . UEI . ]
U eourmei Carbon monoside [45] —I
Aathor |Charles
| Unburmed hydrocarbons [$.1) 1.}
Motes - L
Particulate matter [/t]
&’
J Sulfur dioxide [$.1] o {1
Mitrogen oxides [$41] o .1




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

Equipment to consider Add/Remave. .
Primary !oad 1 ;;
181 kwhid
25 kw peak
Generator 1
s}l
Converter Windside 44
AL oC
Resources Other
Solar rezource :TJ' E conomics
wind resource -Q Spstemn control
lzl Diesel L | Emissions
Constraints

\‘ — Simulations: 0 of 400
Lalculate Sensitivities: 0 of 1
Sensitivity Results l Optimization Results ]
® Tapul:™
Export... Details...

Miauhla click an o swetam halow for nntimization ra

e PV |[WS-._|Genl|Conv. Operating Total
FlhoE (kW) (KW} | (KWV) Capital ‘ Cost (S/yr) NPC

Click Overall: view all possible combinations

Simulations: 400 of 400 Frogress:
Sensitivities: 1 of 1 Status: Completed in 3 seconds.
Sensitivity Results  Optimization Results l /
Double click on a system below for simulation results. (" Categoriz & QOvera, Export Details...
b, PV WS- | Genl|Conv. Initial Operating Total COE |Ren.| Diesel | Genl -
[ s (W) (KW} | (kW) | Capital Cost ($/yr) MNPC SkW .| Frac. (L) (hrs)
(‘j} 25 $ 10,000 24713 $ 325917 0464 000 38374 8.7. L
G E 10 25 5 $ 49.000 24 361 $ 360419 0513 012 36573 8.7.
F eE 10 25 10 $ 53.000 24 450 $ 365553 0521 012 36530 8.7..
e E 10 25 15 $ 57.000 24 557 $370916 0528 012 36530 8.7.
,l\(‘_f:} 1 25 5 $ 44,000 25,964 $375906 0535 0.00 38325 8.7.
S E 15 25 & $ 66,500 24268 $ 376,727 0536 017 36,038 8.7..
o’ 30 $ 12,000 28.814 $ 380341 0542 000 43945 3.7.
e E 15 25 10 $ 70.500 24279 $ 380866 0542 017 35813 8.7.
_,Lf‘_f[-} 1 25 10 $ 48.000 26.070 $381.265 0543 000 38325 8.7.
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Analysis of the System

Click “Categorized”

Calculate

Sensitivity Results Optimization Results l

Simulations:
Sensitrvities:

400 of 400
1 of1

Frogress:
Status:

Completed in 3 seconds.

Double click on a system below for simulation results. (@ Categori; (" Overal Export. | SiElE
o PV WS- | Genl|Conv. Initial Operating Total COE |Ren.| Diesel | Genl
g 8 [ ) O (kW) | (kW)| Capital | Cost(%/yr) NPC  |$/kW.|Frac| (U this) |
f:'} 25 $ 10,000 24713 $325917 0464 0.00 38,374 8.7..
o : 10 25 5 % 49,000 24,361 $360419 0513 012 36573 87..
A\(’j} 1 25 5 $ 44,000 25,964 $375906 0535 0.00 35325 8.7.
n 1 1 25 5  $79.000 25508 $405075 0577 012 36531 87..

Now back to “Overall’, and choose any system of interest by

clicking/ double clicking

Simulations:
Sensitivities:

Calculate

Sensitivity Results Optimization Results l

400 of 400
1 of1

Frogress:
Status:

Completed in 3 seconds

Double click on a system below for simulation results. (" Categori: @ Overal Export.. Details...
s PV W3- | Genl|Conv. Initial Operating Total COE | Ren.| Diesel | Genl
v ’L‘ e (kW) (KW | (KW Capital Cost ($/yr) MPC B/kKMW .| Frac. (L) {hrs)
["j} 25 $ 10,000 24713 $326917 0464 0.00 38,374 8.7.
F  aE 10 25 5 $49000 24361  $360419 0513 012 36573 87. |
& B 10 25 15 $57.000 24557  $370916 0523 012 36530 87.
,Lf'_,‘?} 1 25 5 3 44,000 25964 $375906 0535 0.00 38,325 8.7.
= o ["j} 15 25 5 % 66,500 24268 $376.727 0536 017 36,038 8.7.. 86



Analysis

Simulation Results

[Simulation Results.

Swstem Architecture:

Costtype:
(@& Netpresent
(" Annualized

[+ Reverse sign

Categorize:
(@ By component
(~ By costtype

7 Show details

Compare...

10 k' P
25 kW Generatar 1
10 kv Inverter

| CostSummary | Cash Flow Electrical | PV

350,000

10 kv Rectifier

] Genl ] Converer Emissions] Hourly Data

Cash Flow Summary

Total NPC: $ 365,558
Lewvelized COE: § 0.521/AdMvh
Operating Cost: § 24,4504

300,0004

250,000

200,000

o

0,000

Net Present Cost ($)

100,000

50,000

Component
P
Generator 1
Converter
System

P
Capital [$] Fieplacement [$]
35,000 7.795
10.000 B4.532
8.000 3.338

53.000 75,665

ML Report

I 000

Q&M (3] Fuel [$]
u]
55.953
o
55.953
HTrL Fepart

Converter
Salvage [¥] Total [$] |
1] -4,369 38,426
186.730 -8E0 316415
1] -1 10,717
186,790 -5.850 366,552
Help Close
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PV Output
Smulation Resuits i T

Swstem Architecture: 10 kv P 10 kMY Rectifier Total MPC: § 3655658
25 kWY Generator 1 Lewvelized COE: $ 0.521/Kh
10 kv Inwener Operating Cost § 24,4504
| Cost Summary | Cash Flow | Electrical PV ] Genl ] Converter | Emissions | Hourly Data
Quarntity Value Units Gluantity W alue Units
Rated capacity 1000 kW Mimiraurm output 000 kw
fMean output 113 kW A amirnuim output 9.94 kW
fean output 27.2 kwhid P penetration 180 X%
Capacity factar 11.3 &% Hours of operation 4,380 hrdyr
Tatal production 99171 kKwhdyr Levelized cost 0.303 $/kwh
2 PV Qutput KW
24 1

Hour ef Day

308 v v

=ML Report HTHL Repont Help Close |




Electrical Output
Simulation Results o W UM e

Swstem Architecture: 10 kWY Py 10 kWY Rectifier Total MFC: % 365558
25 kW Generataor 1 Lervelized COE: $ 0521 /KM

10 kMY Inverter Operating Cost. § 24,4508+

Cost Summary | Cash Flow Electrical IF’V | Gen1 | Converter | Emissions | Hourly Data |

Froduction Exafhdur 4 Consumption Ky hdwr S GLuantity kv hdr b4
P array 9,911 12 AL primary load 54,933 100 Excess electrcity 30.254 252
Generator 1 7E.087 =iz} Tatal 54,933 100 Unmet electic load 0.000535 0.0
Tatal 85,938 100 Capacity shortage 0.442 0.0
Cluantity W alue
Renewable fraction 0115

Monthly Average Electric Production

L P
— Cenerator 1
=
o
o
o
o | | | | |
Apr May Jun Jul Aug Sep Ot Mowv Dec

Feb Mar

s<hiL Beport HTHL Repart Help | Close |




Sensitivity Analysis on Wind Power

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

Wind Resources

Sensitivity Values

Primary Load

Yariable: “Wind Data Scaled Awverage
Units: mys
Link with: | <none> -
“alues: 1 3.260 - Clear

2 5.500

2 7.600

4 9.500

5

E

7

e

=}l

10

11

12 ﬂ

Help | Cancel Slaeie !

Diesel Fuel

|
Sensitivity Values

=l

i‘ Claar

Sensit}ity Values —-— —_ .
“Wariahble: Primary Load 1 Scaled Average
Units: kih/d
Link with: | <none>
Walues: 1 150.500

2 :
3

4

5

[

7

a8

9

1o

11

12 ﬂ

Cancel

[

“ariable: Diesel Price

Solar Resources

Si tivity Val
ensitivity Values e

Lng®
Wariable: Solar Data Scaled Average
Units: Kihfm2id

Link with: | <none>

=l

“alues: 1 4010 - Clear

2 8.000

3 12.000

4 16.000

5

[

7

a8

9

1o

11

12 ﬂ

Help | Cancel

Ok

Lnits: /L
Link with: |<nones -]
“alues 1 0.400 - Clear
2 0.200
3 1.200
1
8
-]
7
8
g
10
11
12

Help

=

| Cancel Ok
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Sensitivity Analysis

Simulations: 400 of 400 FProgress:
Save and Calcu | ate / Sensitivities: 4 of 4 Status:
Sensitivity Results Optimization Results ]

NeW We See the tab for Selmsitivityvariables
“ P YWind Speed (m/s) ,ﬂ
Sensitivity Results

Sensitivity Results ] Optimization Results l

Graph type |Optima|systemtypeﬂ ( Tabul:ie Graphi

Sensitivity variables

Primary Load 1 {kvwwh/d) |=axiz * | Global Solar (kiwh/m2/d) |v-axis * | “Wind Speed (m/s) |3.26 | Diesel Price ($/L) |0.4 -
Variables to plot
Superimposed |PV Production ﬂ MNew Window...

System Types
Il c=n
[ FviGent

Superimposed
PY Production (KWhiyr)

Optimal System Type

18

14

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

o
]

Global Solar (KWhin/d)
[=]

(=1

40 80 20 100 120 140
Right click to copy. save, or modify Primary Load 1 (kWhid)



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 inputs,
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.

r —
filif HOME -
' Fil View Inputs Ouguts Window Help
DR B E g ?
. gy . .
E quipriyt to cong Add/Remove Simulations: 144 of 144 Frogress:
HTML Repo =)
K F',M Sengitivities: 3 of 3 Statuz:  Completed in 2 =
—— 9 | 4—* Sensttivity Results  Optimization Results ]
Primary Load 1 P Sensitivi )
t‘j} 43 udhid ensitivity wanables
» 4.4 k' peak, : : 24 -
Gerfarator 1 Diezel Price [$/L]) ] 2.
l{\ Double click on a system below for simulation results.
Slom = - PV |W5-4A| Label | Conv. Initial Operating
Converter windside 48 * A‘ " W) W) | W Capital Cost (/)
AL o u Y v 2 5.0 1 < 10,600 15,098
Fezources Other CE- 50 5 2000 15,849
(5] | Solar resource r:'__?]'l E conomics *"l\ ':23 2 1 5.0 1 £40.800 20,164
J Wi 1 50 1 $33.600 20916
ﬁ_g\l “Wind resource ‘-Q'l Systern contral
-ﬁ | Diesel i'm"l Emissions
@l Constraints
il Document
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Input summary Report - Example

-

{7l Practice2.hmr

.

.

= D filef S Gl Users/ ckim/AppData/Local/ Temp/Practice2 . htm

HOMER Input Summary

File name: FracticeZ hmr
File version: 2.68 beta
Author: Charles

AC Load: Primary Load 1

Data source: Synthetic
Daily noise: 15%
Hourly noise: 20%
Scaled annual average: 43.4 KWhid
Scaled peak load: 4 36 kKW
Load factor: 0.414

o5 Load Profile (Synthesized Data)

M
=

-
n
:

s
=]

Demand [ kW)

=
tn

8
&

24

Hour

PV
Size (KW) | Capital ($) | Replacement {$) | O&M ($iyr)
2.000 7,000 7,000 0
Sizes to consider: 0,2, 4, 6 KW
Lifetime: 20 vr
Derating factor: 80%
Tracking system: Mo Tracking
Slope: 0 deg
Azimuth: 0 deqg

Ground reflectance: 20%

Wind Resource (Synthesized Data)

o]

Wind Speed [mis]
k3

-

n_.lan Feb Mar Apr May Jun  Jul Aug Sep Oct MNov Dec
Weibull k: 2.00
Autocarrelation factor: 0.850

Diurnal pattern strength: 0.250
Hour of peak wind speed: 15

Scaled annual average: 3.04 mis
Anemometer height: 10 m
Altitude: om

Wind shear profile: Logarithmic
Surface roughness length: 0.01 m
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HOMER — Simulation Result System Report

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

System Architecture: 10 kWY P b kWY Rectifier Total NPC: § 360,418
25 kW Generator 1 Lewelized COE: § 0.513/kwWh
B kWY lwerter Operating Cost: § 24361 A

Cost Summary | Cash Flow Electricall PV IGen‘I ]Converter Emissions | Hourly Data

Costtype: Cash Flow Summary

350,000
® Metpresent
" Annualized 300,000 ]
[v Reverse sign
250,000
e
¥
Categorize: :ZDD-DDD’
@ Bycomponent 2
"~ By costtype LU=
-1
i =
[ Show details 100,000
50,000
o
P Converter
Compare...
Component Capital [$] Replacement [§] D&M [$] Fuel [$] Salvage [§] Total [§]
P 35.000 7795 a -4.363 38,426
Generator 1 10,000 E4,5322 55, 127,009 -BED 216,624
Converter 4.000 1.9 o o 21 5.268
System 49.000 73.996 55.953 187.009 -5.539 360419

*ML Report HTHL Report | Help Close
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Example System Report

System Report - Practice2.hmr Net Present Costs
c e Capital | Replacement | OZM Fuel Salvage | Total
I om pone
Diesel Price: 2.4 $- = 7,000 2.183 0 0| -1.223 7959
System architecture Generator 1 2000 14,340 | 2,238 | 225,506 -191 | 243,893
P Amay | 2 R Corwerter 1600 655 0 0 -124 2143
SEneratar 15 Ky Other 0 0| 74z 0 0 742
| nverter 1 K
Rectifier 1 KW System 10,600 17,191 | 2,980 | 225 506 -1,539 | 254,738
Cost summary
Total net present cost $ 254 738
Levelized cost of energy | $ 1.258/M0
Dperating cost F 19,09857 EIEﬂtrical
250,000 Cash Flow Summary B B
- PV Production | Fraction
- Generator COm po nent
4 - Converter
200,000 Other (KA
$ 150,000 P array 2,341 13%
[=]
£ 100 000 ] Generator 1 15,395 87%
-
L)
& Total 17,737 100%:
+ 50,000
=
0 e |
-50,000 : _
Capital Replacement Operating Fuel Salvage
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System Report

Monthly Average Electric Production

2.5
Lkl Emissions
2.04 -— Generator 1 —
ollu missions
=~ Pollutant E (kg'yr
x 1.5+ Carthon ditide 19,356
210, Carbon monoxide 47 8
o
o 0.5. Unburned bydocartons 5.29
Fariculate matter 3.6
0.04 —
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Mov Dec Sulfur dioxide 339
Mitrogen oxides 426

PV Qutput

ka
S

]

Hour of Day
Y

o

Mar Apr May Aug Sep

Generator 1 Qutput KW

i *.{Mm':;.u;qm hgz.u;ﬂw o

]l[ r |'| "l E |1|"|r 1 i |||| sl'. F

Hour of Day
[

(=]

T 1 1 /] I ] L | I | 11 : 1 1l T 1
Jan Feb r..1ar Apr r1s, Jun Jul Aug Sep Oct MNow Dec
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This message”?

i"-.h Generator 1 zearch zpace may be inzufficient.

i) C leted in 3 ds,
i) Completed in 3 seconds -

HOMER displays a message suggesting that we add
more generator quantities to the sizes to consider.

File Edit Help

Chooze a fuel, and enter at least one size, capital cost and operation and maintenance [0&k] walue in the Costs table,
Mate that the capital cost includes installation costs, and that the D&M cost iz expressed in dollars per operating hour.
Enter a nonzero heat recovery ratio if heat will be recovered from this generator to serve thermal load. As it searches for
the optimal system, HOMER will congider each generatar size in the Sizes to Consider table.

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

Cost ]Fuel ] Schedule] Ernissiu:uns]

Costs Sizes to consider i
- 0s urve
Size (kK] | Capital (3] | Replacement [$] | D&M [($/hr) Size kw1 2.000
5.000 2000 2000 0.020 0.000 1 500
2,500 =
5.000 § 1.000
: 8
(| {3 | 3 | 500
Properties a
0 1 2 3 4 5
Description |Generator 1 Type = AC Sized iy
— = Capital = Replacemeni
Abbrevigtion |Label R

Lifetime (operating hours) 150000 {1}
Minimum load ratio (%) 30 1} 9



Other messages to appear

Vi P zearch space may be insufficient,

-

£
r

i

Converter zearch space may be inzufficient.

13,! Completed in 3:17.

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. 08



Report Submission for Lab 9

Using the Homer Tutorial Part 1
Link:
http://www.mwftr.com/325517/325HOMER _tutorial _Partl.pdf

Follow every step from slide page 60
With your own location
With your own loading condition

Write your report describing
Location,
Load,
Optimum result > Comment and Opinion

Appendix: Homer produced HTML report
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