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At a glance 

The increasing share of intermittent -

time-of-day dependent renewable en-

ergy resources, both at the utility level 

connecting to transmission and distri-

bution (DER), is posing new challenges 

for the economic operation, stability 

and reliability of supply. Electrical en-

ergy storage systems (ESS) and in par-

ticular Battery Energy Storage System 

(BESS), can provide solutions to several 

of these challenges and – if properly 

designed –maximize the economic rev-

enue.  

As trusted consultants in the design of 

reliable, economic and resilient power 

systems and backed by Siemens’s tech-

nology expertise, Siemens PTI supports 

clients in evaluating the potential of 

energy storage solutions within the 

specific framework conditions of all 

types of storage applications, such as:  

 

 

 

 

 

 

 

 

 

 

• Energy storage systems for economic 

integration of renewable resources; 

energy shifting, curtailment minimi-

zation, energy arbitrage 

• Application of battery storage sys-

tems to provide fast and/or regulating 

reserves 

• Providing spinning reserve for fre-

quency control and improve system 

reliability, e.g. to protect sensitive 

processes and operations 

• Increasing grid capacity and effi-

ciency by optimizing network equip-

ment utilization and investment de-

ferral, i.e. use of Non-Wires- Alterna-

tives 

• Enabling island operation of networks 

in microgrids for resiliency 

• Generating additional revenue by par-

ticipating in energy trading. 

 

 

 

 

 

 

 

 

 

The challenge 

The renewable power output from so-

lar or wind is highly dependent on the 

time-of-day and the fluctuating charac-

ter of solar radiation or wind speed. 

One possible solution to overcome this 

intermittence is to use energy storage 

systems. Batteries and flywheel stor-

age systems are existing examples 

used to store energy for periods rang-

ing from minutes to hours and have a 

wide range of applications. As energy 

systems are more and more impacted 

by volatile power generation from 

wind turbines and solar power, energy 

storage helps balance fluctuations in 

supply and manage the rigid temporal 

connection between the supply and 

demand of energy, in addition to 

providing the ancillary services for-

merly supplied by conventional syn-

chronous generation. However, the 

technical feasibility and economic 

value of storage solutions needs to be 

thoroughly evaluated considering the 

individual application, market re-

sponse, regulatory framework and net-

work conditions. 

Our solution 

Siemens PTI provides independent 

technical consulting services for utili-

ties, independent system operators 

(ISO) and the industrial sector world-

wide. We offer a unique combination 

of industry leading energy business ad-

visory, power system planning exper-

tise and grid simulation software (e.g. 

PSS®SINCAL or PSS®E) to support utili-

ties, grid operators, industrial cus-

tomer and power producers to find so-

lutions to the challenges resulting from 

the transforming energy landscape. 

Energy storage  
integration 
 

Leveraging the full potential of storage 
solutions in transforming energy systems 

Decentralized generation

M
in

u
te

s
S

e
c
o
n

d
s

H
o
u

rs
D

a
ys

W
e
e
k
s

Distribution grid Transmission grid

Reserve capacity

Variable generation 

(PV, Wind)
Consumer / Prosumer Conventional power plants

• Response to emergencies

• Residential/

commercial selfsupply

• Industrial peak shaving • On-grid + grid upgrade 

deferral

• Remote areas/ off-grid

• Avoid curtailment

• Rules for grid integration

• Energy arbitrage 

(time shifting)
• Increase flexibility

/ load optimization 

• Ensure stability

• Load optimization

• Ensure power

system stability
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Our experts evaluate the impact of 

storage solutions by means of simula-

tion-based technical and economic 

analyses. With these results, we pro-

vide valuable decision support for in-

vestments to enhance grid perfor-

mance, resource optimization or lever-

age new business cases in energy 

trade.  

Learn more about the services we offer 

with regards to the various applica-

tions of storage solutions in power 

grids.  

Increasing the profitability of RES 

Wind and solar power plants generate 

electrical energy independently of de-

mand and energy prices. Besides caus-

ing voltage fluctuations, this also has 

an economic impact on electricity 

prices (e.g. merit order effect) and can 

lead to curtailment of the resource to 

manage transmission and/or genera-

tion limitations. To manage intermit-

tency, energy storage solutions capture 

surplus energy from renewable energy 

systems (RES) which can be discharged 

to cover the load in times of RES short-

ages or higher market prices. 

This optimizes the contribution of the 

local energy system to energy supply 

and saves costs. Our offering includes: 

• Assessment of storage applications 

via cost-benefit-analysis, e.g. consid-

ering the reduction of fuels and GHG 

emission, growing share of renewa-

bles and the degree of independency 

• Technical-economical (pre-) feasibil-

ity study of load and generation pro-

file leading towards optimal storage 

dimensioning and dispatch 

• Identify optimal connection points to 

the grid to minimize and/or postpone 

grid investments 

 

Figure 2: Storage operation with renewables 

(lower fig: simulation results in PSS®SINCAL) 

• Ensure grid code compliance with a 

grid impact study considering latest 

standards and regulations 

• Dynamic stability analyses for balanc-

ing of fluctuating feed-in caused by 

variation of wind speed or solar irra-

diation 

• Optimization of storage controller 

and state of charge. 

Integration with microgrids 

Storage solutions are an important ele-

ment of cost-efficient and resilient mi-

crogrids. They enable island operation 

to seamlessly switch between the grid 

and its own reserves. Our offering in-

cludes: 

• Microgrid studies for the dimension-

ing of storage and generation units 

and the analysis of the grid structure 

with respect to optimized levelized 

cost of energy (LCOE), network tariffs 

and sustainability 

 

Figure 3: Microgrid simulation in PSS®SINCAL 

provides detailed results on grid impact  

• Dynamic stability analyses, investi-

gating the reaction of the microgrid 

regarding stability, voltage recovery 

and frequency, as well as optimiza-

tion of generation patterns 

• Determination of parameters for the 

decoupling, load shedding and pro-

tection in the event of falling into 

isolated operation  

• Identifying mandatory and optional 

measures and development of an im-

plementation roadmap with break-

downs of prospective cost structure, 

saving potentials and additional 

sources of income. 

Improve system reliability 

Storage solutions can be applied to 

provide power output as spinning re-

serve to meet unexpected imbalance 

on the grid and provide network re-

sponse to improve the system’s reliabil-

ity. This is particularly important for 

power systems as the level of inverter 

based and inertia less generation in-

creases, as well as industrial 

applications with sensitive processes 

which need to be protected to outages 

and resulting costs. 

Our offering includes: 

• Simulations of potential faults and 

outages, investigating the reaction of 

the system regarding angular and 

voltage stability, as well as frequency 

response 

• Definition of capacity, energy con-

tent and controls of ESS (e.g. voltage 

control, frequency control, 

charge/discharge cycles) 

• Evaluation for optimization and/or 

avoidance of load shedding 

• Assessment and feasibility study of 

battery black start capability and grid 

booster 

• Evaluation of primary frequency con-

trol and rate of change of frequency 

(RoCoF). 

 

Figure 4: Activation of grid booster after line 

outage to reduce overloading 

Increasing grid efficiency and 

stability 

With the increase in renewable energy 

resources and in particulate DER, trans-

mission and distribution systems are 

expected to be brought close to their 

technical limits, leading to contingency 

overloads and voltage violations. In-

stead of adding voltage regulation 

equipment and/or building new lines 

to increase grid capacity, alternative 

operating strategies with controllable 

renewable energy resources in combi-

nation with storage systems can be an 

alternative solution.  
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Our offering includes: 

• Evaluation of storage dimensioning 

and operational aspects to postpone 

or entirely avoid grid equipment in-

vestments. 

• Grid planning and design including 

steady-state assessment of existing 

grid and forecasted performance and 

reliability 

• Identification of optimal connection 

points and analysis of short-circuit 

current changes and resulting impact 

on equipment/ connected grids  

• Define individual optimum between 

technical and economic aspects (e.g. 

reliability vs. CapEx) 

• Dynamic stability analyses for im-

provement of voltage recovery and 

frequency response after faults, gen-

eration trips, renewable generation 

ramps or load changes, e.g. induc-

tion machine start-up. 

Engaging in energy trade 

Besides the market for reserve and 

control energy, electricity can be 

traded via bilateral contracts on future- 

or spot-markets. With our energy stor-

age market studies, we support cus-

tomers seeking new revenue streams 

to increase the potential from their re-

newables by evaluating their business 

cases for engaging in energy trade.  

Our services include: 

• Nodal congestion and locational mar-

ginal price analysis 

• Pricing and revenue evaluation for 

participation in both energy and ca-

pacity markets 

•  Optimal location and sizing of stor-

age and energy resources (co-loca-

tion vs. different locations). 

How you can benefit 

With our consulting services for energy 

storage solutions, we can help evalu-

ate the potential of applying energy 

storage solutions on your grid to: 

• Optimize network and equipment uti-

lization 

• Postpone investments on the grid by 

the use on non-wire alternatives. 

• Increase system resilience by enabling 

island operation from the grid 

• Ensure system availability, e.g. to pro-

tect sensitive production processes 

• Increase utilization of RES 

• Generate new revenue streams by en-

gaging in energy trade 
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The information given in this document 

only contains general descriptions and/or 

performance features which may not al-

ways specifically reflect those described, 

or which may undergo modification in the 

course of further development of the 

products. The requested performance fea-

tures are binding only when they are ex-

pressly agreed upon in the concluded con-

tract. 

 

mailto:power-technologies.energy@siemens.com
mailto:power-technologies.energy@siemens.com

