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What I would like to talk about today is the Potential  for Producing PV electricity in Israel. 

The focus will be on distributed PV systems located on buildings’ rooftops.



• Solar electricity production systems can be either
• Large utility‐scale solar power stations

• Distributed PV on rooftops

• Distributed PV on rooftops is better!
• Eliminates the need for vast tracts of land

• Reduces transmission costs & efficiency losses

• Reduces building’s solar heating

However, does enough usable rooftop area exist?
(to produce a significant portion of Israel’s electricity demand)

Motivation
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We can roughly divide solar production systems into two types:

Large utility scale power stations, usually located in remote locations where vast tracts of land are available.

The other option is distributing PV production into smaller scale systems. 

Such systems can be located on buildings’ rooftops or facades, above parking lots, along highways, etc.

We will concentrate on Rooftop-systems since they count for the vast majority of these systems.

Distributed PV on rooftops stand for a better solution for several reasons:

* First, there is no environmental impact, caused by covering vast land areas with solar panels in the case of solar power plants. In Israel we are talking about tens of square kilometers.

* There is no need to construct long transmission lines and suffer for transmission losses.

* And last, solar panels also shadow the building they are placed upon and may reduce cooling costs.

However, the main questions that remains, is whether there is sufficient rooftop available for producing a significant amount of Israel’s electricity demand.
This is  the subject of my research.





Global Insolation
Total incoming radiation over a 
year’s period measured on a 
horizontal surface [1].

DC Panel Output (100% efficiency)
Calculated DC Output horizontal 
solar panel with 100% efficiency [2].
Taking into account actual radiation 
and panel temperature.

PV Output

[1] Measured by the Israeli Meteorological Service over a three year period between 2004‐2006. 
[2] D. Faiman, D. Feuermann, P. Ibbetson, B. Medwed, A. Zemel, A. Ianetz, V. Liubansky, I. Seter, S. Souraqui, PV Systems for 
Israel's Cities: How Large Should They Be? State of Israel Ministry of National Infrastructures, report RD‐24‐99, October 2000.
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In order to answer the question, whether enough rooftop area exists, we would want to start from calculating the potential of Photovoltaics on rooftops.

The first stage will be to calculate the actual output of a typical solar system in Israel.

The blue columns represent insolation values measured in 5 major cities. Insolation stands for average radiation over a long period, in this case a year. Averaging is necessary since solar radiation tends to fluctuate with time and weather conditions.

Commercial PV panels are rated in units of kWp. This rating represents the DC power output of a panel under standard test conditions (or STC). These conditions define the incoming radiation (of 1kW/m2) and the cell’s temperature (which is 25o).

The red values represent the actual output of a 1 kWp rated panel. Such a panel will produce 1 kW under STC. However, module performance outdoors suffers from losses caused by factors such as light reflection and high temperature, typically 50o and above. The presented values takes radiation and temperature conditions along the year in consideration.

For convenience in units, it is the same to say the red values represent the output per square meter of a solar panel with 100% efficiency.




Utilizing a Nationwide Average of Panel Output
Using an average is justified since measured insolation

 
values in 10 locations 

 around Israel vary only slightly between locations (‐/+ 8%).

Mean DC output ‐
 

1460 kWh m‐2

 

yr‐1

For a panel with 100% efficiency under local conditions.

Panel Efficiency ‐
 

16%
Represents a relatively high‐efficiency commercially available silicon panel.

DC – AC Conversion Efficiency ‐
 

90%
Represents the mean inverter and wiring losses.

Average AC panel output is 210 kWh m‐2

 
yr‐1

PV Output
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To simplify the following calculations, we would like to use an average output value for a panel placed anywhere in Israel.

Averaging is justified since insolation measurements in 10 distant locations in Israel from Haifa to Eilat, vary only slightly from the average, no more that 8%.
Such an area is tolerable for out purposes.

The mean DC output of a 100% panel is 1460 kWh per m^2 per year.

To get the actual AC output of the panel we multiply this figure by a panel efficiency of 16% and DC-AC conversion efficiency of 90%.

Such efficiencies although relatively high, represent commercially available and economically viable systems.

The average AC panel output in Israel is therefore 210 kWh per m^2 per year.



Rooftop Area Calculations

GIS (Geographic Information System) calculations covering all towns in 
the country were performed by the Israeli CBS*:

• All buildings were strictly bounded by polygons
• Polygon areas were summed by town and nationwide

• Total rooftop area in Israel: 234 km2 * Central Bureau of Statistics
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After calculating the yearly panel output per unit of area, the next step is estimating the available rooftop area. The two figures combined will give us the total potential on rooftops.

On the right we can see aerial photographs of my own neighborhood in Ramat Gan. The right photo contains an additional layer of polygons, which strictly bound each building.

Such orthophotos of all towns in Israel were obtained and analyzed by the Central Bureau of Statistics, using a Geographic Information System (GIS). This was done using computer software and later human corrections were performed to obtain high accuracy of polygon bounding.

The polygon areas were summed up by town and nationwide.

The total rooftop in Israel is 234 km^2, which is a little more than 1% of its total area.

The graph shows total rooftop areas of the 5 major cities discussed previously.



Available Rooftop Area

Most of the rooftop area can’t be used.

Available space can be limited by:

• Structures
• HVAC (Heating, Ventilation, and A.C.)
• Solar water‐heaters (especially in Israel)
• Shading
• Pitched roofs

Estimating the percentage of available 
rooftop area is hard

However, some rules of thumb exist …

Picture from http://gis.cityofboston.gov/solarboston/ 6
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Now, we would like to estimate how much of the total rooftop area is available for PV systems.

In the picture you can see a flat roof with a PV system installation.

As you can see there are various types of obstacles, which don’t allow usage of all the roof area. For example, in this case some structures, air conditioning equipment and shading reduce the available area.

In Israel, we also have many installed solar water heaters which act as obstacles.

Another issue is pitched roofs. Usually they have lower available space since parts of the roof are inclined facing the wrong side of the sun.

It is hard to estimate the percentage of available rooftop area. However, there are some rules of thumb which can be used.



Available Rooftop Area

(1)

 
Rules of thumb for rooftop availability used by Israeli PV installers [1].

(2)

 
A conservative estimate was made for the mean value in Israel to

 
ensure that 

 errors are made on the side of caution.

(3)

 
A study in the U.S. [2] shows similar availability estimates.

(4)

 
U.S. Mean was calculated knowing the pitched/flat roof ratio.

[1] Solar Power Israel ltd.
[2] M. Chaudhari, L. Frantzis, T. E. Hoff, PV Grid Connected market Potential in 2010 under a Cost Breakthrough Scenario, 

 
2004. Via www.ef.org/documents/EF‐Final‐Final2.pdf.

Roof Type Israel (1) U.S. (3)

Pitched Roof 20% 18%

Flat Roof Residential ‐

 
50‐70%

Commercial/Industrial ‐

 
up to 90%

65%

Mean 30%  

 
(estimate (2)) 32% (4)

Usable area for PV panels 
total rooftop area
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The following table presents estimates for the available rooftop area for PV panels out of the total building area. 

Values are divided to pitched and flat roofs.

A study in the U.S. estimates the average availability of pitched rooftops as 18% and for flat roofs – 65%.
A weighted average, knowing the pitched/flat roof area ratio results in a mean availability of 32%.

In Israel, estimates were obtained from a local PV installer. The numbers are similar to the U.S. study. They also mentioned that as rooftops get larger – availability increases. So for commercial and industrial buildings, availability can reach up to 90%.

The mean availability in Israel was estimated as 30%.

It was chosen to be conservative to ensure that any error will be made on the side of caution.

Similar availability results were also obtained in various countries in Europe and published by the IEA.

http://www.ef.org/documents/EF-Final-Final2.pdf


Rooftop area can be used efficiently…

Googleplex in California
1.2 Installed MW 8
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Here you can see an aerial photograph of the Google HQ in California.

A total of 1.2MW were installed and I think it demonstrates how rooftop area can be optimally used.



Total PV Potential

The available rooftop for placing PV systems can now be calculated:

Rooftop area 234

 
km2

Available rooftop area 70

 
km2

Solar production

 
potential 14.8

 
TWh

 
yr‐1

National electricity demand[1] 50.1

 
TWh

 
yr‐1

Ratio of potential‐demand 30%

Using the calculated average AC panel output of 210 kWh m‐2

 

yr‐1
 we can calculate the solar production potential and compare it to the 

 national electricity demand:

[1]

 

Israel Electric Company, 2008.
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So now we can summarize our results and calculate the total potential on rooftops.

Of 234 km^2, 30% are estimated to be available, and we remain with 70 km^2 of area usable for PV installations.

By multiplying the available area by the calculated actual panel output we get a potential of producing 15 TWh of electricity per year on rooftops.

This means that using rooftops only we can produce electricity equivalent to 30% of the national electricity demand.



Conclusions

30%
 

of Israel’s electricity demand can be met using rooftops only.

With no means of energy storage, solar electricity production is 
 economically limited to 10‐15%

 
of total national production [1].

Hence, the available rooftop area is sufficient for producing all the 
 electricity that is economically‐feasible.

There is no shortage of rooftop area

[1] P. Denholm, R. Margolis, Very Large‐Scale Deployment of 

 
Grid‐Connected Solar Photovoltaics

 

in the United States: 

 
Challenges and Opportunities, NREL Report No. CP‐620‐39683. 2006. 10
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According to the calculations I’ve presented, we can produce 30% of Israel’s electricity demand.

In economical perspective, this figure is actually very high.

With no energy storage, solar electricity can only meet day time demand.

As well, meeting the demand in hours of low light, such as in the morning and afternoon with solar electricity alone, will end in wasting electricity in peak hours, because of the gaussian like shape of the PV output.

The other power plants should also be accounted for. A large portion of PV electricity will demand the other plants to be very flexible in their electricity production. But this also has a limit.

Hence, the available rooftop area is  sufficient for producing all the electricity that is economically-feasible. And more than we need under the current limitation.







What’s Next?

Where to start?

Where is makes most economical sense.

Eilat has:

• highest insolation values

• highest rooftop area per capita

• no nearby power plant

Eilat seems as an obvious place to begin a 
city‐wide rooftop PV program.

sense.
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The analysis of the 5 cities can be used to check what city can be most adequate for a PV rooftop program to begin with.

Eilat, located in the south point of Israel, has indicated
 highest insolation values
  highest rooftop area per capita
  and as well has no nearby power plant
As presented in the graph, Eilat PV potential per capita is significantly high.
Therefore, Eilat seems as an obvious place to begin a city-wide rooftop PV program.
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