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Competitive Energy Storage And The Duck Curve Richard Schmalenseel Massachusetts Institute of
Technology ABSTRACT Power systems with high penetrations of solar generation need to replace solar
output when it falls rapidly in the late afternoon - the duck curve problem. Storage is a carbon-free solution to
this problem.

Peak |oad shaving using energy storage systems has been the preferred approach to smooth the electricity load
curve of consumers from different sectors around the world. These systems store energy during off-peak
hours, releasing it for usage during high consumption periods. Most of the current solutions use solar energy
as apower source and ...

Smart and micro grids combine Renewable Energy Sources (RES), storage and Advanced Metering
Infrastructure (AMI) to decrease CO 2 emissions and provide advanced power management capabilities [1,
2].Therefore, power generation, delivery and utilization is improved using optimization techniques [].One of
the main objectives of these gridsisto aign ...

The duck curve is the name given to the shape of the net load curve in a market with a significant penetration
of solar energy.The net load curve is the demand curve less al renewable generation.This curve is important
because it demonstrates the amount of load remaining to be served by non-renewable generation after loads
have been served with all ...

Energy Department research is taming the duck curve by helping utilities better balance energy supply and
demand on the grid. ... Solar coupled with storage technologies could alleviate, and possibly eliminate, the risk
of over-generation. Curtailment isn"t necessary when excess energy can be stored for use during peak
electricity demand.

In a power system, a load curve or load profile is a chart illustrating the variation in demand/electrical 1oad
over a specific time. Generation companies use this information to plan how much power they will need to
generate at any given time. A load duration curve is similar to aload curve. The information is the same but is
presentedina...

An economic configuration for energy storage is essential for sustainable high-proportion new-energy
systems. The energy storage system can assist the user to give full play to the regulation ability of flexible
load, so that it can fully participate in the DR, and give full play to the DR can reduce the size of the energy
storage configuration.

The state now has over 6.6 GW of battery storage - mostly utility-scale while adding nearly another 2 GW. By
2045, the California Energy Commission (CEC) reckons it"ll need as much as 52 GW of battery storage if it is
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to meet the state"s carbon-neutrality target.

Renewabl e resources can boost the ELCC of storage. Interestingly, adding renewables to the grid can actually
boost the ELCC of energy storage. In one study, the folks at NREL charted the relationship between solar
penetration in California and the amount of 4-hour energy storage that would have an ELCC of 100% (see
below).

ban Dynamometer Driving Schedule) to obtain the actual load power curve required by the electric vehicle. To
verify the feasi-bility of the control strategy of the hybrid energy storage system, the load power curve was
reduced proportionally, as shown in Fig. 4, where the maximum load power is reduced to 1.25 kW,

A "Storage Net LDC", Net_Load Battery h, can be produced by further reducing the hourly load curve by the
potential generation from battery storage units, represented by the amount of energy stored in the batteriesin
any given hour, and then sorting the hours by load. Battery state-of-charge for each representative hour is
determined by ...

This would boost off-peak hours while decreasing peak hours, resulting in a flatter load curve. 8. Energy
storage technol ogies have the potential to reduce energy waste, ensure reliable energy access, and build a more
balanced energy system. Over the last few decades, advancements in efficiency, cost, and capacity have made
electrical and ...

shorter periods of elevated load but as the amount of energy storage resources on CAISO"s system is
increased, the net load shape flattens. The incremental energy storage resources are then expected ... 4 The
underlying portfolio of resources used to derive marginal ELCC curves for energy storage was based on
preliminary outputs from RESOLVE ...

(The load curve changes on the weekend and over the course of the year, with August seeing the highest peak
demand and April the lowest.) ... "The whole energy world is shifting,” noted Mark Frigo, vice president of
energy storage North America at E.ON Climate and Renewables North America, part of globa energy
developer E.ON. The company ...

flatten the load curve, which can yield significant cost savings through lower peak demand charges and by ...
Load Profile with Storage . 02 4 6 8 10 12 14 16 18 20 22 24 . Figure 2. HVAC and energy storage load
profiles. Cutting-edge research in this field is developing new types of materials and control systems that can
adjust when heating ...

The storage technology istold to charge in hour 3 and discharge in hour 8. This has the effect of flattening the
residual load curve dlightly. As residual load is often highly correlated to the market price for electricity, it"s
likely that the technology operator will make a profit from this cycle.

The duck curve shows net load rising sightly in the morning before solar-generated electricity floods the
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market and causes net energy demand to significantly drop around midday. ... California will need to install
amost 49 GW of energy storage--five times the output of all utility-scale batteries currently operating
worldwide--to meet that ...

The duck curve, however, has created opportunities for energy storage. The large-scale deployment of energy
storage systems, such as batteries, allow some solar energy generated during the day to be stored and saved for
later, after the sun sets. Storing some midday solar generation flattens the duck"s curve, and dispatching the
stored solar ...

2.7etime Curve of Lithium-lron-Phosphate Batteries Lif 22 3.1ttery Energy Storage System Deployment
across the Electrical Power System Ba 23 3.2requency Containment and Subsequent Restoration F 29 ... 3.8se
of Energy Storage Systems for Load Leveling U 33 3.90grid on Jgju Island, Republic of Korea Micr 34

The net load is always &It;0, so that the energy storage batteries are usually charged and only release a certain
amount of energy at night. DGs are not used. During the next 2 days (73-121 h), renewable DER units have

less power output. The energy storage batteries have insufficient capacity to sustain the demand.
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