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IS IT POSSIBLE TO LIVE OFF-GRID ? 

 The estimation of the solar radiation is an complex problem 
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 Global insolation (Liu & Jordan model):  
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Source: Yahyaoui et al., Operational Cost  Optimization for Renewable 

Energy Microgrids 



IS IT POSSIBLE TO LIVE OFF-GRID ? 

 … and also the problem of estimating the panel’s yield. 

The model used for sizing the PVP is based on the photovoltaic module yield: 

Photovoltaic yield  
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DOMESTIC STORAGE: A GOOD OPTION ALREADY? 

 The cost of storing energy in a Lithium battery is reported to be around 15 

cts/kWh 

Source: B. Nykvist and M. Nilsson, Rapidly falling costs of battery packs for electric vehicles, 

Nature Climate Change, 2015 



HAS SOLAR POWER REACHED GRID-PARITY? 

“Unsubsidized rooftop solar electricity costs between $0.08-$0.13/kWh, 30-

40% below retail price of electricity in many markets globally”. Deutsche Bank 

report: Solar grid parity in a low oil price era, March 2015 



THE TECHNOLOGY IS ALREADY HERE… 

Intelligent system: many degrees of freedom! 

System commercialized by SolarEdge© 



BIG DATA AND WHERE TO FIND THEM 

Endesa Dataset 
Hourly Prices 

(regulated tariff)  

Solar 

Radiation 

Data 

+ 

+ Data from Red Eléctrica Española  

Data from 
OpenSolarDB.org 



THE PVPC: A FIRST KEY TO INCREASE THE 

EFFICIENCY  

Data from Red Eléctrica Española  



FIRST (SIMPLER) APPROACH: USE DOMESTIC 

ENERGY STORAGE 

 Key idea: per-customer optimization of the overall cost (power-term + energy 

term) using batteries. 

 We aim at obtaining the energy at cheap hours and spend them at the expensive 

ones.  



FIRST (SIMPLER) APPROACH: USE DOMESTIC 

ENERGY STORAGE 

Elements: 

• ed
n is the energy consumed at day d, hour n, and Ed = Sn ed

n 

• P is the contracted power term.  

• cd
n is the price of the kWh from the grid at day d, hour n (assumed sorted) 

• cP is the price of each kW in the power term 

• g is the round-trip factor of the battery 

• hd is the number of hours it takes to charge the battery at a speed not exceeding 

P at day d 

We perform a grid-search over the available values of P that minimizes: 

 

 



DOMESTIC ENERGY STORAGE 

 The total cost (power term + energy term) is re-evaluated for each 

user after the optimal P is obtained. 

 What is the saving per kWh that makes the installation profitable? 

As a reference, we use the specifications of the Tesla Powerwall, and 

assume an initial cost of 400€ per kWh, a 80% efficiency (which 

incorporates the round-trip loss, the inverter and the degradation 

along the lifetime of the battery) and an operational life of 5000 cycles 
1. 

 In conclusion, a saving of 15 €/kWh returns the investment.  

1Christopher Helman, “ Why Tesla’s Powerwall Is Just Another Toy For Rich Green People”,Forbes, 

May 1st, 2015. 



DOMESTIC ENERGY STORAGE 

Results 

 

 

 

 

 

 

 

 

 

 

A good amount of users can save more than 15 cts/kWh! 



LEVERAGE OF THE EFFICIENCY WITH SOLAR 

PANELS 

 Now, we consider that we have a PV 

installation in addition to the batteries.  

 In this case there are many degrees of 

freedom:  

 Each kWh obtained from the PV panels can be 

1) spent, 2) used to charge the batteries, or 3) 

both. 

 Each kWh consumed by the house can be 

obtained from 1) the grid, 2) the batteries, or 3) 

directly from the PV panels.  

 The batteries can be charge either 1) from the 

grid or 2) from the PV panels.   



LEVERAGE OF THE EFFICIENCY WITH SOLAR 

PANELS 

Example: 24 h cycle in a house equipped with both batteries and PV  



LEVERAGE OF THE EFFICIENCY WITH SOLAR 

PANELS 

New elements:  

• PS is the PV power installed. 

• B is the storage capacity (battery) 

• CS is the cost of each kW of PV power installed. 

• CB is the cost of storing each kWh of electricity.  

• Sd = a(d) PS is the solar energy obtained from the panels along day d,  

• Gd is the energy stored in the battery along day d 

 

With this elements, we can evaluate the best-case saving (assume that both 

the solar and the stored energy can be substracted from the most 

expensive components of the bill).  

This time, we do not optimize P since we are allowed to consume directly 

from the grid.  

   



LEVERAGE OF THE EFFICIENCY WITH SOLAR 

PANELS 
For each user, we jointly optimize: 

1. The PV power installed 

2. The storage capacity 



LEVERAGE OF THE EFFICIENCY WITH SOLAR 

PANELS 

Results: Overall savings of the 44.000 users during an average period of 330 days 

 

 

 

 

 

 

 

 

Saving are in the range 4-6 M€! (100-150 € per user and year) 



LEVERAGE OF THE EFFICIENCY WITH SOLAR 

PANELS 

Results: Structure of the Domestic Pool 

 

 

 

 

 

 

 

 

 

• The role of the batteries is marginal unless they are really cheap.  

• The optimal choice is always to keep connected to the grid! 

 

 



LEVERAGE OF THE EFFICIENCY WITH SOLAR 

PANELS 

A more realistic scenario considers the vector of hourly values of 

solar radiation.  

 

• r is the vector of 24 hourly values of energy obtained from the 

grid. 

• b is the vector of energy values charged to or discharged from 

the battery. 

• e is the vector with the hourly load of the house. 

• s is the vector of energy values obtained from the PV. 

• PC and PB are the maximum charge and discharge speeds 

 

Then,   e + b = r + s  

 



LEVERAGE OF THE EFFICIENCY WITH SOLAR 

PANELS 
 A more realistic scenario considers the vector of hourly values of 

solar radiation.  

 For each PS and B, we solve the optimization problem: 



IMPLEMENTATION IN SPARK 

 The cost of the 32 million daily data is computed in parallel (map() method) 

 In a grid of values of P 

 In a grid of values of (PS, B). 

 Then, the grid of results for each user is compiled by a reduceByKey() method.  

 Results are collected by a collectAsMap() method.  

 The optimal value of P* or (PS
*,B*)is then obtained for each user.  



IMPLEMENTATION IN SPARK 
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CONCLUSIONS  

 It is possible to evaluate the impact of adopting alternative energy technologies 

(batteries + PV panels).  

 The utility companies (retail electricity companies) have plenty of data to design 

appropriate products.  

 Accurate solar radiation data are necessary for a better estimation. 

 The utopia of disconnecting from the grid is not advised by the numbers: it is 

better to keep connected and obtain cheap kWhs from it.  

 



THANKS! 


