System Advisor Model (SAM) — SimpliPhi Power Battery Modeling Instructions

The following are recommended instructions for modeling SimpliPhi Power battery systems in NREL's
System Advisor Model (SAM).

Limitations:

1.

Battery systems must be modeled coupled with solar PV generation; SAM does not allow for
standalone battery systems at this time

SAM only allows for distributed generation (grid-tied) systems to be modeled; it does not allow
for off-grid, microgrid, or backup power systems at this time

SAM does not automatically determine the optimum battery system size and configuration for
an application. The user would need to determine this based on the customer load, utility rates,
solar PV generation, and other sizing and economic constraints. It is recommended to perform
iterations within SAM to find optimal battery system sizing for the intended application that can
include a parametric analysis (see Parametric Simulations in SAM help section).

Assumptions:

1.

4.

High granularity electricity consumption (load) data at 15-minute intervals or less should be
used to model charging and discharging of battery systems

Solar PV system is adequately sized and designed according to the electricity load and site
conditions

Input instructions were based on modeling one PHI 3.5 kWh / 48V battery system with external
hybrid solar inverter. If scaling up on number of batteries for your modeled system, then use the
appropriate multipliers for applicable input values

= Note: when scaling up the number of batteries, always ensure that the C/2 charge rate and
parallel wiring connections (i.e., constant voltage, additive current) are maintained

The PHI 3.5 battery system can be operated in DC-coupled or AC-coupled configuration. The
instructions shown in this guide are for an AC-coupled system

=>»Note that only minor input changes are needed to switch to-a@Pled configuration see
section 7 below


https://sam.nrel.gov/

Instructions:

>

1. Navigate to the Battery Storage tab:

Photovoltaic, Residential

Location and Resource
Module

Inverter

System Design
Shading and Snow
Losses

Lifetime

Battery Storage

System Costs
Financial Parameters
Incentives

Electricity Rates

Electric Load

rNREL National Solar Radiation Database (NSRDB;

Download the latest weather files from the NSRDE to add to your salar resource library: Download a typical-year [TMY} file for mos
choose files to download for single-year or PS0/P30 analyses. See Help for details.

Download a TMY file for Americas... TMY or Single-year for Americas and Asia...

rSolar Resource Library

Use the buttons above to download the latest NSRDB files and add them to your solar resource library. Click Folder Settings to ac
library. The default library contains legacy weather files. See Help for details.

Weather f|\g‘ CASAMN2017.9.5\solar_resource\USA AZ Phoenix (TMY2).csv
-Header Data from Weather Fily
Clty| Phoenix

Time zone| GMT 7] Latitude 334333°N N

State Elevat\on| 330m ‘ Longitude| -TN207°E
Country[USA | Data Source| TMY2 | sttionin[ 2122 |

—Annual Averages Calculated from Weather File Dat:
Global horizontal Wh/m?/day Average temperature e
Average wind speed m/s

Direct normal (beam) kWh,fmz.fday
Diffuse horizontal KWh/m?/day Maximum snow depth |:|{m

~Files in Library

E

2. From the pick-list in the top-left corner, select ‘Enable battery’:

Photovoltaic, Residential No Battery v

Location and Resource
Module

Inverter

System Design
Shading and Snow
Losses

Lifetime

Battery Storage

3. Inthe Chemistry section, from the Battery type pick-list, select ‘Lithium lon: Lithium Iron

Phosphate (LFP)’:

Photovoltaic, Residential

Location and Resource
Module

Inverter

System Design
Shading and Snow
Losses

Lifetime

Battery Storage

W No Battery
[ Enable EEV G Ml ttery model is not enabled. To enable, <
The battery model provides comprehensive modeling of

capacity, terminal voltage variation with current and char
dispatch the battery to meet specific energy and power n

MOl

rChemistry

Battery type | Lithium lon: Nickel Manganese Cobalt Oxide (NMC)

Lead Acid: Flooded
. Lead Acid: VRLA Gel
 Battery Bank Sizing—— .. i VRLA AGM

Lead Acid: Custom

(®) Set desired ban

Ltk Lo Lol Ll

Ceidla (LR AN

Desired bank capa) i lon: Lithium Titanate (LTO)

Lithium lon: Mickel Manganese Cobalt Oxide (NMC)
Lithium lon: Nickel Cobalt Aluminum Oxide (NCA)
Lithium lon: Custom

Bank capacit}rand POWET| Flow Battery: Vanadium
conversion and parasitic | Flow Battery: Iron

Dresired bank po

conversion efficiency will TEUSETTOSCATE TE DATIETY ST
See help for sizing information,
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4. Enter the Battery Bank Sizing values. It is recommended to use the ‘Set desired bank size’
function instead of ‘Specify cells’. For example, one PHI 3.5 battery operating at its prescribed

C/2 charge rate and DC ratings would have the following inputs:

r Battery Bank Sizing

(®) Set desired bank size

Desired bank capacity 3.3 [kWh

Desired bank power 175 kW

2
(]

() Specify cells

Number of cells in series E

MNumber of strings in parallel 1

Bank capacity and power fields are values measured before

conversion and parasitic losses, If specified in AC, the DC/AC

conversion efficiency will be used to scale the battery size.
See help for sizing information,

Max C-rate of charge 0.5 per/hour

=

Max C-rate of discharge 3 per/hour

5. Enter the following (DC) Voltage Properties values for the PHI 3.5 battery. It is recommended to
select the ‘Use voltage model’ function instead of ‘Use input voltage table’ for curve

specifications:

rVoltage Properties

Desired bank voltage ‘u’ (DC)
Cell nominal \ro\tage‘u‘ (DC)
Cell internal resistance 0.001 |Ohm

-Voltage curve specification

(@) Use voltage model

Vol del
ge model

There is no voltage model in SAM for iron-flow
batteries. Other chemistries have models for use

For vandium redox, only enter the voltage at 30% 50C
as the nominal voltage, and resistance,

(0 Use input veoltage table
~Voltage tabl

C-rate of discharge curve

Fully charged cell voltage
Exponential zone cell voltage
MNominal zone cell voltage

Charge removed at exponential point

Charge removed at nominal point 8e,

=4
in

36|V
34|y
33|y

217 |9

9 | %

Depth-of-discharge (%) | Cell voltage (V)
0 0

Import...
Export...
Copy

Paste

Yoltage (v)

The desired bank voltage is used to calculate the interal battery configuration using the provided cell
nominal voltage. If you've manually specified the cell configuration, the desired bank voltage input will
not be available. Cell resistance is used to compute the battery temperature and voltage

Foriron flow batteries, enter a table of voltage vs. depth-of-discharge which will be linearly
interpolated between in the simulation. You can also choose this option for other battery
chemistries, The interpolated voltage is updated to include internal resistance

Voltage Discharge

Depth of Discharge (3:)

6. Enter the following value for ‘Cell capacity’ in the Current and Capacity section. The Computed
Properties will automatically update based on this input:

Current and Capacity

Cell capacity 43123 |Ah

7. Enter the power conversion efficiencies into the Power Converters section. Note that these are
the power conversion efficiency parameters of the charge controllers and accommodating
battery management systems (BMS), not the inverter efficiencies. Inverter efficiencies are
handled in the Inverter page of SAM, as applied to the solar PV system.
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For DC-coupled systems, select the ‘DC Connected’ option and enter the ‘DC to DC conversion
efficiency’ of the charge controller/BMS to be used. Note that SAM assumes that DC-coupled
systems include a DC power optimizer (e.g., solar MPPT) and accounts for its electrical losses
using a loss percentage on the Losses page.

For AC-coupled systems, select the ‘AC Connected’ option and enter the two power conversion
efficiency values of the charge controller/BMS to be used.

For example, using an Outback Radian GS8048A inverter (with a CEC weighted efficiency of
92.5% input into the Inverter page) along with a FLEXmax 80 charge controller in an AC-
connected system, the power conversion efficiencies would be entered as follows:

Models'™:

Nominal Battery Voltages
Maximum Output Current

NEC Recommended Solar
Maximum Array STC Nameplate

PV Open Circuit Voltage (VOC)

Standby Power Consumption

FLEXmax 80 (FM80-150VDC)
12, 24, 36,48, or 60VDC (Single model, selectable via field programming at start-t
80A @ 104°F (40°C) with adjustable current limit

12VDC systems: 1000W / 24VDC systems: 2000W
48VDC systems: 4000W / 60VDC systems: 5000W

150VDC absolute maximum coldest conditions / 145VDC start-up and operating rr

Less than TW typical

Power Conversion Efficiency

97.5% @ 80ADCin a 48VDC System (typical)

Peak Efficiency

60VDCinput w/48V battery at 53.1VDC (98.44%)

rPower Converters

Choose whether the battery is connected on the DC side of the PV array, or post inversion on the AC side.

() D Connected

DC to DC conversion efficiency 96 |%

(® AC Connected

AC to DC conversion efficiency 97.5 (%

975 |5

DC to AC conversion efficiency

8. Enter any applicable loss values into the Ancillary Power Losses section. For the PHI 3.5 battery
system there are negligible anticipated ancillary losses. Therefore, the default ‘Loss Input’
option will be selected with the input loss values left blank (i.e., in the defaulted “Edit values...”

mode):

rAncillary Equif

it Losses

Specify additional hourly losses not captured by power conversion losses, Such losses might include pumps, heaters, or other equipment required by the battery system. For
AC-connected batteries, the losses are applied on the AC side. For DC-connected batteries, the losses are applied on the DC side,

-Loss input:
(®) Enter average loss by operating mode

Charging mode | Edit values... kW Time series

Discharging mode | Editvalues... | kW

Idle mode | Edit values... | kW

() Enter time series

Edit data..  kw

Operation losses will be applied whenenver the battery is at
that operational mode,

9. Select the Storage Dispatch Controller mode best suited for your application. Consult the SAM
Battery Storage help section for an overview of each available option. For this example, a
residential system in California, offsetting the high electricity rates during on-peak times is the
desired application. Therefore, the ‘Manual dispatch’ mode option was selected, along with ‘PV
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meets load before charging battery’ sub-option. Note that the dispatch parameters will be
entered in step #11 below.

rStorage Dispatch Controller

-Choose Dispatch Model M | dispatch options A ed Grid Power Target Model
; The manual dispatch model aims te minimize purchases from the grid. -
Peak shaving: 1-day lock ahead P P g Enter singl ithly Ers
o : g Y . It first tries to meet load with PV, then battery, then grid. Choose whether LN Sl L LY [
(O Peak shaving: 1-day look behind PV should meet the load or charge the battery below. Use the timing Single or monthly [NEG valies KW
() Automated grid power target controls to constrain the battery controller. See help for details. g VR
(® Manual dispatch Time series  Edit data.. kW

I (®) PV meets load before charging battery
(_) PV charges battery before meeting load

10. Enter values into the Charge Limits & Priority section. For the PHI 3.5 battery, it is recommended
to use a Minimum State of Charge of 20% and Maximum State of Charge of 100%, yielding a
depth of discharge (DOD) of 80%. This offers the highest cycle life for the battery. Also, enter the
following values for ‘Initial state of charge’ and ‘Minimum time at charge rate’:

Charge Limits & Priority

Minimum state of charge % Initial state of charge %
Maximum state of charge % Minimum time at charge statemin

11. If Manual Dispatch mode was selected in the Storage Dispatch Controller section (per step #9
above), then the Manual Dispatch Model section will illuminate and will require inputs to be
entered to proceed. In this example, the on-peak time-of-use period is weekdays (all months)
from 4-9PM and, as such, it is desired for the battery system to discharge during this time —as
much as its capacity will allow.

Since all energy will be charged from the solar PV system to the battery, Period 1 will be
selected as noted below with no associated Charge from Grid or Discharge values entered.

Period 2 will discharge the available battery system’s capacity. Note that a value of 20% of the
battery’s available capacity is assigned (meaning 20% of the total 80% depth-of-discharge of the
battery will be discharged for every hour during Period 2). This value was used in this example
because it is desired to discharge the battery system evenly over each hour of the peak-time
period. To calculate the discharge % capacity for your application, simply divide 100% by the
number of hours in the discharge period (e.g., 100% + 5 = 20%). Since no energy will be charged
from the grid to the battery in this example, the Charge from Grid column will remain
unchecked for all periods.

For this example, the battery system has been configured to be charged by the solar PV system
as much as possible during anytime outside of 4-9PM on weekdays while discharging strictly
during the 4-9PM on-peak timeframe, also on weekdays. Period 1 has time-grid values entered
as “1” while Period 2 has time-grid values entered as “2”.
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Power. On Your Terms.”

~Manual Dispatch Model

Charge Charge from grid Discharge To activate the manual dispatch model, choose Manual Dispatch under "Choose
from PV Allow % capacity Allow % capacity Dispatch Model" above. These inputs are inactive for the d dispatch opti

Period 1: 1 ] O

Period 2: O O [ EI

Period 3: O O O

Period 4: ] ] O

Period 5 O O m

Period 6: O O O

1 S R

12. Enter the following values for Cycle Degradation in the Battery Lifetime section for the PHI 3.5

battery:
rBattery Lifetime
On the "Lifetime" tab, please select "PV simulation over analysis period” to consider multi-year battery degradations and replacements

_Cycle degradati

Depth-of-discharge (%) Cycles Elapsed| Capacity (%) 100 Capacity fade
20 0 100

- T .

ES

D o £

90 0 100 =
Paste % 5000 80 -

Rows: 90 5001 0 2
100 0 100 F

— O 2 o
100 3501 0 — DoD:20%

0 I I L= DoD: 100%
o 2000 4000 a0 BUOU 10000
Cycle number

13. Select ‘None’ in the Calendar Degradation sub-section, since degradation is handled in the Cycle
Degradation section above:
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® MNone

(O Lithium-ion model

-Lithium-ion model coefficients

(O Enter custom

Capacity fade

96)] * exp[c(SOC/T - 1/296)]

q0 1.02 fraction

a 0.00266 1/sqrt(day)

b 7280 K q = q0 - k_cal ™ sqrt(t)

c 930 K k_cal = a * exp[b(1/T - 1/2

-Custom degradati
Import... Battery age (days)| Capacity (%)
0 100

Export...

Copy

Paste

14. In the Battery Bank Replacement section, select the ‘Replace at specified schedule’ option and
enter values for replacement cost and escalation above inflation. In this example, a value of
$430/kWh was used for replacement cost assuming half the current MSRP for one PHI 3.5
battery ($860/kWh + 2 = $430/kWh) after an allotted 10-year replacement time. A battery cost
escalation above the inflation rate of 2% was also assumed.

The actual scheduled replacement of the battery system is determined by SAM using the
parameters from the Battery Lifetime and Custom Degradation sections above along with the
model outputs calculated by SAM (i.e., number of cycles per year in combination with DOD and
annual degradation). It is assumed that due to the 10-year PHI 3.5 lifetime that scheduled

replacement will be in year 11

of the project life-cycle.

r Battery Bank Replacement

(O No replacements

{J Replace at specified capacity

Battery bank replacement threshold

(®) Replace at specified schedule

Battenybank replacement schedule |  Edit data...

Battery bank replacement cost 5/kWh
Battery cost escalation above inflation Falyear

out-year costs. See Help for details.

50 % capacity

SAM applies both inflation and escalation to the first year cost te calculate

15. Enter the following values into the Thermal Behavior section. These will remain constant for all
applications using the PHI 3.5 battery system:
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r Thermal Beh

Cp| 36000 [)/Kgk
h 500 |w/ma2K
Room temperature C

proportional to heat transfer coefficient h

Model assumes battery with specific heat Cp sisin
room of fixed temperature. Heat transfer to room

Temp (C) | Capacity(%)
100
100

Capacity fade

Import...
0
Export... 49
Copy
Paste
Rows:

a0

60

40t

Effective capacity (%)

20

-Physical properties

Specific energy per mass Whikg
Specific energy per volume 210.02 |Wh/L

Battery mass 113.876 | kg
Battery volume 0.0504638 | m3

1
10 20 30 40 50
Temperature (C)

This section dees not model power used for thermal conditioning. If the battery requires operation of heating or cooling equipment, the associated electricity use can be
entered in the 'Additional System Losses' section

16. To enter costs associated with the battery system, navigate to the System Costs tab:

Photovoltaic, Residential

Location and Resource
Module

nverter

System Design

Shading and Snow

Rows:

Copy 730 94
1095 91
Paste 1460 8
1823 83

i .
2555 n

2000 7

Battery Bank Replac:

(O No replacements
() Replace at specified capacity

Battery bank replacement threshold

Electric Load

h 500 |w/maK

Losses @ Replace at specified schedule Battery bank replacement schedule | Edit]
Lifetime

e SAM applies both inflation and
Battery Storage Battery bank replacement cost SWh  gutyear costs. See Help for def

Battery cost escalation above inflation 2% |%fyear
System Costs
Financial Parameters Thermal Behavier
T Capaci
ncentives — Import. ;)'""m mD'”c'“'m
) Cp| 36000 J/KgK Export... w0 100
Electricity Rates
- 11

Paste

17. Enter applicable values into the Direct Capital Costs section. This includes the Battery bank cost
(in $/kWh dc) and Inverter cost along with balance of system equipment, installation labor,
installer margin and overhead, and contingency costs. Note that aside from the battery bank,
costs are lumped together with those of the solar PV system and, due to the nature of SAM’s
input method, must be entered in a consolidated manner.

18.

Enter applicable values into the Indirect Capital Costs section. Note that these costs are also

lumped together with those of the solar PV system will vary amongst applications and system

sizes.

19.

Verify the Total installed cost is correct per the Total Installed Cost section. SAM automatically

calculates this based on cost inputs entered. Also, enter applicable values into the Operation
and Maintenance Costs section.
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20. Save all the inputs from your SAM project, as entered into the Battery Storage and System Costs
sections, either by navigating to File=>Save per below or by clicking Ctrl-S on your keyboard:

) simpliphi

filev (3)Add  PHI3.5 v

New script
Open project

Open script

— Bank Replacement

Save as...

- . No repl i

Save with hourly results Mo replacements Battery bank 1
Replace at specified capacity

Import cases... | Replace at specified schedule Battery bank

54
Battery bank replacement cost 425 | 8/kWh o

Battery cost escalation above inflation 2% | %afyear

See below for further SAM resources
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SAM Help Resources:

SAM provides a thorough user guide and help section with reference information pertaining to battery
system modeling. To access the help section, follow these instructions:

1. Click ‘Help’ in the upper-right portion of the screen:

e Battery type | Lithium kon: Lithium Iron Phosphate (LFP) ~

er  Battery Bank Sizing

n Design (@) Set desived bank size O Specily cells

hg and Snow Desived bank capacity | 35 | bwh A ~ Number of cells in series 3 Max C-rate of charge 05 pemhour
| Desired Mnkwmi 175 e AC v Number of strings in parallel 1 Max Corate of discharge 05 perhour
5 J

e Bank capacity and power fields are values measured before

conversion and parssitic losses. f specified in AC, the DC/AC
conversion efficiency will be used to scale the battery size.

y Storage See help for sizing information
n Costs
rial Parameters
[ Voltage Properties
L . [ The desired bank vaHtage is used to calculate the interal battery configuration using the pravided cell
e 512 £l ol ' ¢l P
e Desired bank voltage | VO rminal voltage. H you've manually specified the cell configuration, the desired bank voltage input will
city Rates Celnominsivoiage 32)u(pe) et be svaiable. Cell resitance s sed to corp ¥ g
Cell internal resistance 0.001 |Ohen

¢ Load ) .

Voltage curve specification

2. From the Help section, navigate to the Battery Storage section (defaulted if Help is accessed
from Battery Storage section within SAM) and scroll down through the provided information for
overview, definitions, and parameter options.

_—
EA system Advisor Model Help

Back Home Website Forum Email support Release notes  Scripting reference

Weather File Formats
~

Weather Data Elements Battery Sto rage

Typical and Single Year

Time and Sun Position

Photovoltaic Systems '
Location and Resource = Lithium-ion
PV System Costs +  Vanadium redox flow
Edit Shading Data s Alliron flow

Detall::dl ecrataighiods The model accounts for important factors contributing to battery performance, including voltage variation with charge state, capacity fade with ¢
Module

—— temperature effects on capacity. The model provides a realistic picture of how the battery performs and degrades over time. As with other mode
SR @ model inputs strike a balance between simplicity and complexity to be usable by people with varying degrees of interest and expertise. Many of
-ding and Snow that are available on typical manufacturer data sheets. For other inputs, you can apply reasonable default parameters by choosing a battery type

The battery storage model allows you to analyze the performance of the following types of batteries:
»  Lead-acid

You can model a system with the battery connected to either the AC or the DC side of a photovoltaic system as shown in the following block dia

<—| DC to AC Conversion |<—

System Design

| I | Battery
Results. .
Concentrating Photovoltaic | i Array Inverter _>| AC to DC Conversion I_.

Module
Inverter
Array

System Costs

3. Numerous other guides and whitepapers describing SAM’s functionality in addition to webinars
and training sessions are made available on the NREL SAM website: here.

Bus

Results


https://sam.nrel.gov/

