
PV OUTPUT SMOOTHING WITH
ENERGY STORAGE

Can an energy storage device reduce the variability of photovoltaic power output?

Abstract: This paper describes a simple algorithm designed to reduce the variability of photovoltaic (PV)

power output by using an energy storage device. A full-scale implementation was deployed in an actual

PV-Energy demonstration project, in partnership with a utility and a battery manufacturer.

Can a battery energy storage system be used for solar power smoothing?

Abstract-- Battery Energy Storage System (BESS) is widely being implemented along with Solar PV to

mitigate the inherent intermittencies of solar power. Solar smoothing is one such application of BESS. In this

paper,different techniques for solar power smoothing is compared.

Can energy storage improve PV ramp rate smoothing?

In this project, energy storage is proposed in order to provide PV ramp rate smoothing to mitigate increased

voltage regulator tap changes. An algorithm is developed for controlling a battery to add (or subtract) power

to the PV output to smooth the net power injection.

Is solar power smoothing based on energy compensation based smoothing?

Solar smoothing is one such application of BESS. In this paper,different techniques for solar power

smoothing is compared. An energy compensation based smoothing technique is proposed in this paper.

Can a control algorithm smooth PV power output using distributed batteries?

PV Ramp Rate Smoothing Using Energy Storage to Mitigate Increased Voltage Regulator Tapping Abstract  

--   A control algorithm is designed to smooth the variability of PV power output using distributed batteries.

The tradeoff between smoothing and battery size is shown.

Are there different techniques for solar power smoothing?

In this paper,different techniques for solar power smoothing is compared. An energy compensation based

smoothing technique is proposed in this paper. The smoothing method not only ensures an optimal sizing of

the battery but also keeps the state of charge of the battery same at the beginning and end of any random

day.
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This paper describes a simple algorithm designed to

reduce the variability of photovoltaic (PV) power

output by using an energy storage device. A

full-scale implementation was deployed in an actual

PV Energy demonstration project, in partnership

with a utility and a battery manufacturer. The paper

describes simulation tests as well as field 

a variation in the power output. The use of battery

energy storage systems integrated with the PV

showed to be a technically feasible solution to

mitigate these power output ???uctuations within

the maximum ramp limit. Most articles reported in

the literature on smoothing PV power output, by

PV Ramp Rate Smoothing Using Energy Storage to

Mitigate Increased Voltage Regulator Tapping

Matthew J. Reno, Matthew Lave, Jimmy E. Quiroz,

and Robert J. Broderick Sandia National

Laboratories, Albuquerque, NM, 87185, USA

Abstract ??? A control algorithm is designed to

smooth the variability of PV power output using

distributed batteries. The
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Solar Photovoltaic Output Smoothing: Using Battery

Energy Storage System R P Sasmal1, Subir Sen2,

Ankur Chakraborty3 Power Grid Corporation of

India Ltd. Gurgaon, Haryana, 122001 a

akraborty@powergridindia 3 Abstract??? Battery

Energy Storage System (BESS) is widely being

implemented along with Solar PV to mitigate the

inherent 

Solar Photovoltaic Output Smoothing: Using Battery

Energy Storage System R P Sasmal1, Subir Sen2,

Ankur Chakraborty3 Power Grid Corporation of

India Ltd. Gurgaon, Haryana, 122001 a

akraborty@powergridindia 3 Abstract??? ???

 3/4 Battery energy storage connects to DC-DC

converter.  3/4 DC-DC converter and solar are

connected on common DC bus on the PCS.  3/4

Energy Management System or EMS is responsible

to provide seamless integration of DC coupled

energy storage and solar. DC coupling of solar with

energy storage offers multitude of benefits

compared to AC coupled storage
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photovoltaic output power fluctuation by considering

the state of health of battery energy storage system

ISSN 1752-1416 Received on 16th April 2018

Revised 9th November 2018  the fuzzy-based DKF

is not used to address output power smoothing of

the wind and PV systems as per the best of the

authors'' knowledge. Therefore, an SOH

management 

This paper describes a simple algorithm designed to

reduce the variability of photovoltaic (PV) power

output by using an energy storage device. A

full-scale implementation was deployed in an actual

PV-Energy demonstration project, in partnership

with a utility and a battery manufacturer. The paper

describes simulation tests as well as field results. In

addition ???

The intermittency and unpredictability inherent in

renewable energy sources must be addressed

through the combination of solar power generation

and a BESS [1].Balancing supply and demand is

challenging when the amount of solar power

produced changes depending on the weather and

time of day [2] storing more solar energy during

high-generation times ???
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The sizing of battery storage systems for smoothing

solar PV power fluctuations has traditionally been

achieved by chronological / time domain simulation,

where a smoothing algorithm is applied to 

This report describes an algorithm, implemented in

Matlab/Simulink, designed to reduce the variability

of photovoltaic (PV) power output by using a

battery. The purpose of the battery is to add power

to the PV output (or subtract) to smooth out the high

frequency components of the PV power that that

occur during periods with transient cloud shadows

on ???

Photovoltaic (PV) generation are of obvious

intermittency and fluctuation, which seriously affects

safe and stability operation of network. To solve this

problem, the paper studies the output power

smoothing performance of hybrid energy storage in

PV power plant. The model of PV power system

with hybrid energy storage unit is built. A control

strategy of a hybrid energy storage ???
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Two methodologies allow ancillary services to

integrate photovoltaic energy: using energy storage 

control algorithm is used to smooth the PV output

power profile enhancing the power delivered 

In this project, energy storage is proposed in order

to provide PV ramp rate smoothing to mitigate

increased voltage regulator tap changes. An

algorithm is developed for controlling a battery to

???

834 IEEE TRANSACTIONS ON SUSTAINABLE

ENERGY, VOL. 5, NO. 3, JULY 2014 Power

Smoothing of Large Solar PV Plant Using Hybrid

Energy Storage Guishi Wang, Student Member,

IEEE, Mihai Ciobotaru, Member, IEEE, and

Vassilios G. Agelidis, Senior Member, IEEE

Abstract???This paper proposes a power smoothing

strategy for a 1-MW grid-connected solar ???
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grid-tied PV energy production with utility-scale

battery storage capable of simultaneous load

shift-ing and smoothing [3]. The pre-smoothing

(raw) power data were used to numerically model

the theoretical power output which was then

calibrated to the ???

PV Power Output Smoothing using Energy Storage

Abraham Ellis and David Schoenwald Sandia

National Laboratories Jon Hawkins, Steve Willard,

and Brian Arellano  PV Power Output Smoothing

using Energy Storage Abraham Ellis and David

Schoenwald Sandia National Laboratories P.O. Box

5800 Albuquerque, New Mexico 87185-MS1033 

Rapid energy storage (ES) technologies like

batteries, capacitors, or SMESs are best suited to

mitigate the fast ramp-rates in the PV output power.

These storage technologies also have the ability to

mitigate the voltage and frequency fluctuations

caused by rapid changes in PV output power [1].
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The Solar PV plus Storage Sizing Tool helps the

user explore the energy storage sizing and

estimated costs of a hybrid solar and battery energy

storage system that meet the generation

requirements for both smoothing and shifting

applications. Smoothing . Solar energy output

smoothing refers to when the Battery Energy

Storage System (BESS) is 

locally mitigate the effects of PV output variability

using onsite energy storage. Effective PV energy

smoothing requires an energy storage system that

is integrated into the inverter and control system

that will source and sink energy as the PV array

power fluctuates according to the available solar

resource. This mode of operation requires

Fig. 1: Integration of energy storage system with the

grid. (R ch), discharging resistance (R dis), i bat,

initial SoC value of battery (SoC initial), and battery

capacity (Q bat) as depicted in 
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Battery Energy Storage System (BESS) is widely

being implemented along with Solar PV to mitigate

the inherent intermittencies of solar power. Solar

smoothing is one such application of BESS.

The ???ywheel storage system can stabilize the

output power ???uctuation of PV panels due to

changes in the sunshine by a charge and discharge

of storage energy from the ???ywheel system. This

paper belongs to the ???rst research area. We

introduce energy management approach to reduce

the PV output power ???uctuations.

The second approach is the use of energy storage

systems (ESS) [8]. This approach has the potential

to promote power smoothing without compromising

the production level of the PV plant [9]. The main

energy storage technologies associated with

renewable energy generation are hydro-pumped,

supercapacitors, and batteries.
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The power smoothing using an FC/ELZ as an

energy storage system for wind and PV sources is

presented in Ref.  and disadvantages of the power

smoothing methods and Table 3 shows a list of

research carried out on wind- and PV-output power

smoothing taking into consideration the generating

sources and ESS.
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