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Overview 

 Conventional generation scheduling. 

 Impact of variable generation on load curve 

 Energy storage technologies 

 Battery Energy Storage Systems 

 



Operation of the electric grid 

 The operation of electric power systems involves 
forecasting electricity demand, scheduling and 
operating a large number of power plants to meet 
that varying demand.  



Power Plant Classification 

 Electric utilities operate a variety of power plant types: 

 Baseload units (e.g., nuclear and coal) - used to meet 
the large constant demand for electricity. 

 Load-following units (e.g., hydroelectric, natural gas) 
– used to meet the variation in load. These are further 
categorized as  

 intermediate load units - used to meet most of the 
day-to-day variable demand; 

 peaking units – used to meet the peak demand and 
often run less than a few hundred hours per year. 



 In addition, electric utilities must keep additional plants 
available to meet unforeseen increases in demand, 
losses of conventional plants or transmission lines. This 
class of responsive reserves is referred to as operating 
reserves. 

 Frequency regulation and contingency reserves are 
among a larger class of services referred to as ancillary 
services, which require units that can rapidly change 
output.  

Power Plant Classification 



Power Plant Classification 



Spinning Reserves 

 Because of the rapid response needed by both 
regulation and contingency reserves, a large fraction of 
these reserves are provided by plants that are online 
and “spinning” - referred to as spinning reserves. 

 Spinning reserves are provided by partially loaded 
power plants.  

 The need for reserves increases the cost and 
decreases the efficiency of an electric power system 
compared to a system that is perfectly predictable. 



 Solar and wind are excellent sources of clean, renewable 
energy, but as they contribute a larger share to the 
generation fleet, their integration will become increasingly 
challenging.  

 The reason: solar and wind cannot be dispatched in the 
same way as other sources of energy, such as nuclear, 
hydro, and fossil fuels.  

 Because the grid must operate “just in time,” with 
generation continually matching demand, special 
accommodation is required to integrate a significant 
contribution from the sun or the wind.  

Adding variable generation (VG) to the mix 



Impact of Variable Generation (VG) 

 There are four significant impacts that change how 
the system must be operated and affect costs. 

 increased need for frequency regulation, because VG 
can increase the short term variability of the net load. 

 increase in the ramping rate, or the speed at which 
load-following units must increase and decrease 
output. 

 increase in overall ramping range – the difference 
between the daily minimum and maximum demand. 

 uncertainty in VG resource and resulting net load. 

 



Impact of net load from increased use of VG 



Dispatch with low VG penetration  
(8.5% of wind penetration) 



Dispatch with higher VG penetration  
(16% of wind penetration) 

Displacement of units that  are not traditionally cycled  -  may require VG curtailment. 



Options of decreasing VG curtailment 



California “Duck Curve”  
(Impact of high PV Penetration on Load Curve) 



Classification of Energy Storage Systems 



Classes of Energy Storage 

 The choice of an energy storage device depends on its 
application in either the current grid or in the 
renewables/VG-driven grid; these applications are 
largely determined by the length of discharge.  



Energy Storage Technologies 



Traditional energy storage: pumped hydro 



 Energy Storage Systems (ESS) have long been 
recognized as an effective way to alleviate the grid 
concerns due to their ability to quickly absorb or 
generate power. 

 This has led a number of states to create bills which 
require the procurement of ESS by a certain date. 

 However, storage systems are rather expensive, and 
a utility or customer might not be guaranteed to 
achieve a desired return on its investment.  

 In order to justify their cost, other applications of ESS 
such demand-side management, or other ancillary 
services are being considered.  
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Role of energy storage 



Energy Storage Policies in US 

 Several states have recently introduced policies related to 
the support and development of energy storage 
technology markets.  



Energy Storage Applications 



Deferral of Transmission investment 



A 34-MW, 245-MWh Na-S battery 
installation in Japan 





Tehachapi wind farm (Capacity: 4,500 MW) 



Large-Scale BESS Installations 

 32 MWH BESS features lithium-ion batteries housed 
inside a substation in Tehachapi, CA. 



Distributed Energy BESS 



  

Community Energy Storage (multiple customers) 

 Typical CES Power and Energy Ratings 

 25 kW 

 50 kWh 



Residential Applications (single customer) 



Residential Applications  



Residential Applications  



Bombard-Adera (local company) 

Residential Applications  



Testing of a BES for Residential Applications 

 Part of DOE Smart Grid Demo Projects 

 Collaborators: NV Energy and Pulte 
Homes 



Adding a Battery Energy Storage System to the Mix 

4.5 kW/10 kWh Residential BESS 



BESS Specifications 



Charge/Discharge Test 



Round trip efficiency 



 
Application 1: Customer enrolled in TOU pricing  

 Battery saves money by reducing consumption during 
periods when total demand for electricity is highest  
(1:00pm-7:00pm, June-September) 

 Battery shifts part of load from (1:00pm-7:00pm) to 
(12:00am-6:00am) 

 



 
Application 2:  Keep Maximum Demand Below 3 kW  

 Use battery to provide power demand above 3 
kW limit. 

 Use excess PV power to charge battery 



Typical battery charging curve 

 What if recommended charge curve is not followed? 

 What is the impact of shallow discharges? 



Battery discharge curves 

 Battery capacity under variable discharge rate? 



Charging/discharging optimization[x] 

 Different electricity rate plans 

 Payback period exceeds over 10 years (without 
incentives) 

[x] X. Wang, G.G. Karaday, “Hybrid Battery Charging Strategy for Maximizing PV Customers’ Economic Benefits, 

     IEEE PES GM 2016  
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