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Moving towards clean energy

Executive Summary:
Energy, in general, is one of the most important necessities for human life. Also important
for its power, progress and renaissance. Electric power is at the forefront of human needs and
cannot be dispensed with. The most energy sources currently consumed in the planet are fossil
fuels (i.e. extracted from earth as gas, petroleum, and coal). The excessive extraction from
natural reservoirs, leads to a sharp decline in their assets year after year. This has also led to
higher fuel prices because of increased demand, and its processing has been severely affected
by international political tensions and increasing threats to international shipping routes. All
this makes finding other sources of renewable energies, one of the top priorities in many
countries.
It is important to select an appropriate type of alternative energy and to choose the best
available technologies for this source in each country, depending on their potential, climatic,
economic conditions and its level of development.
According to our study of energy economies in the Middle East and North Africa, we can
say that the best available energy source is the concentrated solar thermal, we need to add other
alternative energy sources to improve the feasibility for:
• Improve conditions & service quality.
• Energy supply continuity.
• Provide a better economical alternative.
• Other environment-friendly alternatives.
It is time for Uganda to switch seriously toward renewable alternative energies as soon as
possible. We believe that a suitable way to do that is to use is concentrated solar thermal CST
as source, And Fresnel Linear as a technique, beside another source of (fuel), we suggest
syngas to operate an auxiliary energy source. Building generation plants in this integrated way
will have:
•
•
•
•

•

Initial investment cost per MW will be about around 3,000,000 $/MW.h. (three
million US Dollar/Mega Watt.hour). Which means 60,000,000 (sixty million US
Dollar for 20 Mega Watt.hour)
Designed to produce electricity for 24 hours a day, with a reserve of thermal storage
sufficient to run several days in the absence of the sun due to weather conditions.
Land area we need to produce each one MW. is 20,000 square meters.
Thermal storage which exceeds the needs of electricity generation can be stored by
special technique to help in case of CSP lagging of electricity generation or used to
provide some important sustainable development activities required. including
agriculture, industry, animal production and much more.
Execution Time within range of 1 to 1.5 years.
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2.

Introduction
This conceptual study contains brief description of the background, purpose and goals of
this address. This will serve as a guideline for what this study should address.

3.

Renewable Energy Technologies
3.1. Definition:
Renewable (or clean) energy can be defined as energy resource that are replaced
rapidly by natural processes e.g. solar, geothermal, wind, and syngas or biomass energy.
Mostly it is called (clean energy), because it does not harm the environment.
3.2. Time of Transforming:
During this century, the humans race will have to address the challenge of deeply
transforming the world energy system to make it much more sustainable and
environmentally friendly than the one we currently have. To achieve this, it will have
to substantially increase the market penetration of all types of renewable energy
technologies, and especially of solar technologies, since these technologies will be
called upon to be the main pillars of the new world energy system, because of the vast
quantities and the high quality of the solar energy reaching the Earth at every instant.
3.3. Sources of Renewable Energy:
Each technology has advantages and, in some cases, particular market segments.
Project and technology developers are actively pursuing all types of CSP technologies.
In addition to these concepts that are applied commercially, a solar furnace arrangement
is widely used as a tool for research projects. A solar furnace typically consists of a
paraboloidal dish mounted in a fixed orientation in a laboratory building, with one or
more external heliostats directing solar radiation to it at a fixed angle.

3.4.

Solar Energy: Among the various renewable energy sources available in the
East Africa, we can consider solar power in the forefront, and is divided into two
kinds:
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• Light Energy: Now it is well known that we can converts the light beam into an
electric current through photovoltaic cells (PV), grouped many of them together
into standard shape called Solar Panels, unfortunately have low efficiency and
un suitable for the climate in the EAST AFRICA region.

• Thermal Energy: were sun heat is collected and concentrate it to tens or even
hundreds of times for converting its energy into mechanical energy that can
generate electricity, it is called the Concentrated Solar Power CSP or
Concentrated Solar Thermal (CST).
CSP systems capture the both direct & indirect beam component of solar
radiation. Unlike flat plate photovoltaics (PV), they are not able to use radiation
that has been diffused or reflected by clouds, dust, or other factors. This makes
them (i.e. PV) not good choice for UGANDA, its best suited to other areas with
a high percentage of clear sky days, in locations that do not have smog or dust.
(see Appendix I)
The CSP configurations that are currently used commercially in order of
deployment level are:
• Parabolic Trough
• Central Receiver Tower (Solar Tower)
• Linear Fresnel
• Paraboloidal Dishes.
In this study we will focus mainly on CSP beside SYNGAS generation by using
wood waste and harvest residuals as a best hyper option to generate electricity in Uganda.

4. Approaches & Method
4.1 Modeling: During a deep exploration of various options that could suit the EAST
AFRICA region, we have find a new design, that adopts the Linear Fresnel
technology, officially registered as a patent in USA in 2010 registered by Dr. Shawn
Buckley former Lecturer at MIT (https://www.google.com/patents/US8978641)
(See Appendix II)
This invention named MICROGRID designed as a solar compact module, can
generate both electricity and heat from the sun. with 80% of its parts can be massproduced with low-cost by manpower and materials provided locally.
The original module of Microgrid designed to generate electricity for 16 hours
a day and heated water (up to 80° C) could be used for central air-conditioning or
humane use in homes, hotels and commercial buildings.
The most important thing added to this system is the low cost thermal storage.
4.2 Concentrating Solar Power (CSP): on one axis to reflect the sun’s rays onto the
stationary collector. For thermal systems, the fixed collector not only avoids the
need for rotary joints for the heat transfer fluid but can also help to reduce
convection losses from a thermal collector because it has a permanently downfacing cavity.
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CSP reflectors (mirrors) which change direction of solar radiation beams
toward the receiver (or collector), unlike flat panel (PV), which are not use
radiation that has been diffused and reflected by clouds or dust or other factors.
This makes them best suited to areas with a high percentage of clear sky days, in
locations that do not have smog or dust. and using the wider range of frequencies
of infrared (invisible light) which is absorbed by special coating materials on the
glass (lens) of the collector.
CSP systems use combinations of mirrors or lenses to concentrate direct beam
of solar irradiation to produce another form of useful energy such as heat,
electricity or fuels by various downstream technologies. The term ‘concentrating
solar power CSP’ is often used synonymously with ‘concentrating solar thermal
CST’
A more contemporary historical landmark was Frank Schuman’s successful
parabolic trough driven pumping system built in Egypt in 1913. Experiments and
prototypes were developed all through the twentieth century. The real birth of CSP
as an industry came in California in the 1980s. Favorable government policy
settings lead to the construction of nine separate parabolic trough based ‘Solar
Electric Generating Systems’ (SEGS), totaling 354 MWe of installed capacity.
These were based around steam turbines for power generation and used oil as the
heat transfer fluid (HTF), within the trough receivers.
4.3 Linear Fresnel reflectors: LFR systems produce a linear focus on a downward
facing fixed receiver mounted on a series of small towers (Fig. 2)

Fig. 2: Classical Fresnel System to generate Electricity

4.4 Modifications & Developments: After deep discussions with the inventor
personally, Consultant Engineer Raad Al-Jibouri, with advice of other experts and
researchers in mechanical, civil Engineering and Materials Physic fields, prove the
possibility of adding three modifications as a development to the original system
which will led to:
• increasing the generated electricity up to 100% compared to the original quantity.
• rising efficiency of energy transformation and electricity generation by Heat
Recovery Cycle (HRC).
• Increasing the capacity of Thermal Energy storage (TES) which let the system
supply electricity 24 hour a day, and extra thermal storage enough to generate
electricity for few days in absence of sun shine.
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4.5 Concepts of System Design: It should be noted that the successful and efficient power
generating system from a renewable energy sources may require use of multi
techniques in an integrated design, this can be decided after a detailed study of all the
climatic conditions and topographical characteristics and renewable resources
available to each country.
According our former study-cases of Egypt, Comoros Islands separately, and
our initial knowledge of the conditions in EAST AFRICA countries in general, and
Uganda country in particular, we can decide that the main suitable type for most parts
of the Middle-East of Africa region is the Concentrated Solar Power (CSP) with
assistance of gasification technique.
Dr. Shawn's model (Microgrid) has many advantages, including: relatively low
cost in general, availability of its manufacturing row materials locally, ease training
for manufacture, maintenance and operation needed, and good conversion ratio of
thermal energy to electricity.
However, to ensure greater reliability of electricity-supply continuity in some
areas, the system should have alternate energy source, such as gasification which can
be generated from harvest, agricultural residues in forest and rural areas.
Final system (with our modifications) will add more electricity generation hours
per day, increasing its efficiency and reduce of energy production ($/kW.h) cost or
factor (Levelized Cost of Energy (LCoE)) to a record level close to that of fossil fuels,
or even less, which makes this system is able to recover the invested capital with in
an interval of 3 to 5 years, which is significantly increases their economic viability
When the inventor was informed of this, he studied the revisions and audited the
new system's calculations and then approved them and incorporated them into the
original system.
For more details on the above, a film has been made for slide-show of Egypt
study-case, that can be followed up on the link:
https://www.youtube.com/watch?v=VY7i5lUxzoQ&feature=youtu.be
Other details also can be found within a TV interview with Al-Ghad satellite
channel on the following link:
https://m.youtube.com/watch?v=KnA3_wKROPU
4.6 Syngas as an Alternate Source: as mentioned above, to increase the reliability of the
electricity generation systems, a suitable alternate of renewable energy source and
technique should be found. For example, in rural areas where agricultural products
are abundant, its waste (as it is available) can be used to generate syngas, also will
improve environmental conditions & development in that area.
In case of Uganda, assistant system can be integrated with original microgrid to
produce thermal mass for extra electricity generation, increases the efficiency,
flexibility, reliability and more stability of electricity generation and distribution.
In collaboration with one of the best scientific applied and manufacturing expertise
in the field of mechanical engineering, Dr. Zeid Al-Nama, we already design a system
to generate electricity from syngas generated by agricultural waste such as leaves and
broken tree branches, husks, and residuals lagging from the harvest and grain mills,
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and other crops in general. also, it is possible to build and manufacture system's parts,
by materials and equipment available locally, which will sufficiently reduce the cost.
Use this method in remote villages and rural areas helps to self-reliance on local
capacities, resources and contributes to community development. also reduce required
investment cost for transmission and distribution of electricity by national grid.
5. Costs and Conclusions
The following table summarizes some of the main features of the comparison between
electricity generation stations, using fossil fuels and that using renewable energy.
Other
Renewable
energies

Our
Approach

1,500-4,500*

3,000

30-90 million

60 million

> 15%

< 10%

< 10%

4 Annual fuel cost (% of capital cost)
5 O&M (Operating & Management) cost %

23%

0 - 5%

0 - 5%

High

< average

< average

6 LCOE $/MW.h
7 Conversion Efficiency (Therm. to Elect.)

45

7 - 40

< = 50

Medium

High

High

ITEM

Fossil fuels

900 - 1,100*
1 Capital costs for station construction $/kW
2 Capital cost for 20 MW station construction/US $ 18-22 million

3 Annual maintenance cost (% of capital cost)

(*) Range within two Values, depending on the technique type used from a wide range of options

From the table above, we note in principle that rows (1), (6) are the critical factors in
determining the economic feasibility of any renewable energy plant.
Power plants that use renewable energy source relatively require higher initial
investments capital to build them, but their operating costs are low compared to that using
fossil fuels. To build a renewable power plant, it could cost a capital investment to produce
every kilowatt of $ 1,500-4,500. But this does not give us a complete and accurate vision of
the real cost, but there is another important factor like: fuel cost (zero in case of using CSP),
while annual cost of fossil fuel alone may reach 23% of total initial investment cost of the
station itself. similarly, the cost of maintenance for renewable energy plants will be no more
than 15-25% of that in fossil fuels stations.
Initial investment cost of syngas plant is much less than that of fossil fuels, also its fuel
is very cheap compare to that of fossil fuels.

Note:
In this study we assume the generation of electricity from thermal solar
energy is the basic of our calculations.
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Appendix I
Microgrid Parts Detail

Absorbers

The absorber collects solar energy. There are two types of absorbers: FourFold™ absorber
and Microgrid absorber. Regardless of the absorber type, four mirrors reflect sunlight onto
the absorber’s active region.

FourFold™ Absorber

The FourFold™ absorber has a narrow strip of photovoltaic cells as its active region. It converts
about 18% of the sun's energy to electricity. These cells would get too hot to be efficient if they
weren’t cooled. The cells are bonded onto a metal tube which carries water-based coolant
through the absorber, cooling the cells and heating the coolant. The FourFold™ absorber
converts sunlight to electricity by the PV cells and to heat by the coolant.
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Microgrid Absorber

The Microgrid absorber has a black vacuum-jacketed pipe as its active region. This assembly
absorbs about 75% of the sun's energy and converts the energy to heat. Since the vacuum jacket
prevents heat loss from the pipe, it gets very hot. Mineral oil coolant pumped through the pipe
also gets hot. The Microgrid absorber converts sunlight to hot mineral oil.
In both cases, gearmotors continuously rotate the mirrors to reflect sunlight onto the absorber's
active region.

Fig 3: Microgrid
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Appendix II
Blogs written by Dr. Shawn Buckley about his Patent

100 kW Electric Microgrid
14 April 2015
Some of you have asked about our Microgrid module and how it could be used to power a
microgrid. Here’s the details. I envision the smallest microgrid plant to produce 100kW of
electrical power. Larger plants would use multiples of 100 kW, for example a one MW plant
would be made of ten 100 kW plants. This is on the small size for current turbogenerators
because efficiency drops quickly if they are even smaller. A 100 kW plant can power 20 US
homes at 5 kW per home.
The big reasons for picking a small plant is the land area needed and the engine size needed for
efficient mass production. Since we are partnering with the Xiang Yang Institute in China, we
want the size to be consistent with the area needed for the solar array. A 100 kW electric plant
would require 300 of our Microgrid collectors, each requiring 4 square meters of land area.
That’s 1200 square meters for the solar array and another 400 square meters around the array
for the turbogenerator facility, a periphery walkway and a security fence. At 1600 square
meters, the land required is 40 m on a side. That’s about a half acre or 4 tennis courts. Smaller
plots are easier to find than larger ones.
A second reason for a small plant is the turbogenerator size. A 100 kW unit – about 130
horsepower -- is the size of a truck engine. That’s something that can be made easily on an
assembly line. More important, its turbine can be made on machine tools of reasonable size.
China has trained tens of thousands of NC (Numerical Control) machinists in the 500
vocational training centers set up in small cities throughout China. It's these NC machinists that
could mass-produce the 100 kW turbogenerator.
Back to the microgrid solar array, each collector covers a length of 2 m (79”) x 2 m (79”) where
the width includes 1.2 m (47”) of module. Each row of modules requires a 0.8 m (30”) service
access walkway between rows. That’s where the 4 square meters per module comes from. Each
Microgrid module is raised 2 m (79”) above grade level. Beneath the module is thermal storage.
While we are also looking into various types of phase change storage, the simplest heat storage
is concrete where heat is stored as “sensible” heat. Sensible heat is the heat required to raise
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the temperature of the concrete; no heat of fusion or molten salt is involved. Here’s a schematic
of how concrete could be used as a storage material for the Microgrid module.

Below each module is a horizontal cylinder of concrete 600 mm (24”) in diameter and 1.8 m
(72”) long. Heat transfer pipes pass through each cylinder to both add and withdraw heat from
it. Each cylinder is supported on concrete blocks to reduce its conduction heat loss to the
ground. The cylinder is surrounded by fiberglass batting (glass wool) insulation to prevent
convective and radiation heat loss from the cylinder. A cover protects the storage and insulation
from the weather. Essentially each cylinder is thermally isolated from its surrounding.
Microgrid modules are “daisy-chained” together in long rows in the North South direction. The
output of one module’s absorber flows directly into the next module’s absorber. Flexing unions
keep thermal expansion stresses low. In a similar way, the storage cylinders are daisy-chained
together. The heat transfer pipes of one cylinder flow into the heat transfer pipes of the adjacent
cylinder. Again, flexing unions reduce thermal expansion stresses.
At each end of the module string, the absorber pipe is connected to its associated storage
cylinder. A heat transfer loop is formed where mineral oil pumped through the Microgrid
absorbers collect solar energy. Each module in the string adds solar energy to the oil, increasing
its temperature. At the end of the string, the oil is hottest. There it flows down into the storage
cylinders where it transfers heat to the concrete. As hot oil flows through each successive
cylinder in the string, it loses its heat to the concrete. Arriving at the beginning of the string,
the oil is pumped once again through the modules’ absorbers.
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The entire loop is called the “solar loop” because it stores solar heat. Oil flowing through
successive absorbers gets hotter and hotter until the end of the string. There it reverses direction
and flows through the concrete cylinders. Heat is lost to each cylinder in succession until the
oil is at its coolest at the beginning of the loop.
Heat is removed from the concrete by oil flowing through a second set of heat transfer tubes
called the “user loop”. Mineral oil pumped through this second loop starts at the same module
as the solar loop. As its oil passes through each storage cylinder in turn, it gets hotter and hotter.
It is hottest leaving the last cylinder where it flows to the turbogenerator.
There the oil flows through a heat exchanger to heat the turbogenerator’s working fluid,
converting its heat to electricity in a thermodynamic cycle. After leaving the turbogenerator,
the oil is still hot, on the order of 100C. This “low grade” heat can be used locally to double
the plant’s return on investment. For each kW-hour of electrical energy produced by the plant,
3 to 4 kW-hours of low grade heat is available from the turbogenerator. The heat can be used
commercially for heating hotels and restaurants, district heating, laundries and air-cooling.
Industrially it can be used for thermal desalination, absorptive refrigeration, food processing,
fabric processing and other process heating applications.
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The two loops – solar loop and user loop – act like a counter-flow heat exchanger. The module
absorbers have their highest temperature at the last module in the string. The storage cylinders
have the same arrangement: the temperature is hottest at the last module. The arrangement
assures that the turbogenerator receives the hottest oil available.
While our Chinese partners are considering various turbogenerators to generate the Microgrid’s
electricity, the simplest one available is an Organic Rankine Cycle engine or ORC engine. An
Organic Rankine Cycle differs from its more common cousin, the Rankine Cycle, by the
working fluid used. Steam (gas phase water) is the working fluid of the Rankine Cycle. It is
the standard for generating electricity in most of the world. Organic Rankine Cycles use other
molecules than water as its working fluid. ORC engines are available from many sources
including German manufacturer Siemens and Japanese manufacturer Mitsubishi through their
Italian subsidiary Turboden.
For you thermodynamics folks, we expect the temperature range of the storage will vary
between 200C and 300C. The hotter the better, of course, if we want the highest Carnot
efficiency. We think the Microgrid modules can deliver 300C (572F) heat at useful flow rates
using vacuum jacketed tubes
(see http://www.focused-sun.com/fs/technology/hybrid_absorber).
As the storage temperature is depleted, the delivery temperature drops to perhaps 200C (392F)
during normal operation. Most Microgrid arrays will have a backup generator to handle the
possibility of a week of cloudy weather. Backups can be diesel generators, biomass generators
or even boilers that add heat to storage when little solar energy is available.
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Appendix III
Blogs written by Dr. Shawn Buckley about his Patent

Microgrid Economics
28 April 2015
My earlier blog (Apr. 14, 2015) showed a preliminary design for a Microgrid module system
with concrete cylinder storage. What capital costs ($/W) could be expected for a complete
system (collectors, storage and ORC engine) if it were produced in China? What will be the
cost of energy over the plant's lifetime?
I think the answer to the first question is about the same capital cost as a current natural gas
fired generator if you include the distribution costs. The big difference is that the Microgrid
system would provide electricity day and night for no fuel cost.
Most microgrid systems divide into 3 cost categories: collection, storage and conversion. For
Focused Sun, collectors are the array of Microgrid modules, storage is the concrete cylinders
and conversion is the ORC engine. Understand that the costs I’m presenting are forecast costs:
the costs you could expect after a few dozen of these systems have been installed.
First consider collection. Here we assume the system is NOT built in the West. According to
our BOM (Bill of Materials), the collector cost assuming pilot production quantities is $400
for raw materials, labor and the Focused Sun royalty. An array of 300 Microgrid modules
would cost $120,000 or $1.2/W for the 100-kW system. In the West, labor costs are typically
10X higher. The same Microgrid modules made in the West modules would cost $170,000
giving a cost per Watt of $1.7/W.
Heat storage is the cost of concrete cylinders and their heat transfer piping at $70,000 or $.7/W.
Each Microgrid module has 30 kW-hr of heat storage. The concrete has a cost of less than
$5/kW-hr and lasts for decades. Compare this with batteries at $400/kW-hr that last only a few
years.
We think the 100 kW ORC engine can be mass produced in China for about $80,000 or $.8/W.
I’ll discuss why I think the Chinese can make ORC engines this size in more detail later.
All told, the plant cost is $270,000 or $2.7/W. In the West with our higher labor costs, the
estimated costs are $320,000 or $3.2/W. If we were only producing electricity for the
microgrid, these costs are more than the going price for a PV solar farm.
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But wait. We have leftover low-grade (less than 100C) heat from the ORC engine. That heat
can double its return on investment. That's the same as cutting its payback in half. It’s the
combination of heat and power that makes this system economical. Applications should use
both electricity and heat. Heat uses in the commercial/industrial market are hotels, district
heating, desalination, air-cooling, laundries, refrigeration, food processing and fabric
processing.
But how to apportion the capital cost of the heat versus the electricity? Focused Sun uses a
computer analysis to forecast the heat and electrical energy we could expect from a 300 module
Microgrid system. Back in the day, we were among the first to use monthly weather data to
estimate performance of our MIT solar module. We could only get weather data from 10 cities.
Today it’s much easier: the U.S. National Renewable Energy Laboratory (Golden CO) does it
for nearly 200 US cities (http://rredc.nrel.gov/solar/old_data/nsrdb/1961-1990/redbook/).
Where I live Las Cruces, NM is closest to El Paso, TX. Using NREL data for “DIRECT BEAM
SOLAR RADIATION FOR CONCENTRATING COLLECTORS (kWh/m2/day)” for El Paso
TX gives the monthly averages of solar radiation of various types of reflecting solar collectors
including our single N-S rotational axis with horizontal collectors
(http://rredc.nrel.gov/solar/old_data/nsrdb/1961-1990/redbook/sum2/23044.txt).
Using this data, our computer analysis based on NREL collector type says the 100 kW system
will deliver 260,000 kW-hr of electricity a year plus 870,000 kW-hr of low grade heat (less
than 100C) each year. Assumptions we use include a reflection efficiency of our mirrors at
88%, collector heat loss at 10%, ORC electrical generation efficiency at 20% and heat delivered
to it and ORC engine heat loss at 10%.
In the US, heat from natural gas typically costs $0.04/kW-hr; electricity costs $0.12/kW-hr. At
these energy costs, the system’s electricity savings are $31,000/yr and its heat savings are
$35,000/yr. The combined savings total $66,000/yr. Then 47% of the total savings come from
electricity ($31K/$60K) and 53% come from heat ($35K/$66K). Note that heat savings double
the total savings; heat produces as much savings as the electricity.
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That means 47% of the plant’s $270,000 capital costs are apportioned to electricity ($127,000)
and 53% apportioned to heat ($143,000). The cost per Watt of electricity is $127,000 for 100
kW of electricity or $1.3/Watt. This is a little less than the going cost of a PV solar farm that
doesn’t have energy storage. Note that the economics of the entire system requires that the
leftover heat from ORC engine is used locally. If the heat isn’t used, then the cost per Watt is
much more: $270,000 for 100 kW of electricity is $2.7/W.

ORC engine pricing is based on Mitsubishi’s Turboden Division that have sold ORC engines
since 1980. Small engines (100 kW) are priced at $2.5/W, bigger engines (1 MW) at $1.6/W
and their largest engines (10 MW) at $0.8/W. When you look at the Turboden website, most
of their installations are in the 1 MW to 10 MW range. Far fewer are as small as 100 kW.
Clearly, they are not set up to mass produce the smaller engines that we need.
China manufactures products less expensively than Western production because China does
not have the high fixed costs (mostly professional salaries) of Western companies. In my
experience – 5 years running a sourcing company in China – China can price a product at half
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the Western price. My choice of $0.8/W for a 100 kW ORC engine reflects lower Chinese
pricing as well as the economies of scale of mass production. If a Western company like
Turboden can produce a 10 MW engine for $.8/W, Chinese manufacturers should be able to
match that price/Watt for mass produced 100 kW engines.
The bottom line is that a Focused Sun microgrid system produces steady power for about the
same capital cost as utility electricity if the heat produced is also used. But that’s the capital
cost.
What about the plant’s cost of energy? For energy costs, the Levelized Cost of Energy (LCOE)
is the cost of energy over the plant’s lifetime which we’ll assume is 20 years. As noted above,
the electricity portion of the plant costs $127,000 and produces 260,000 kW-hr of electricity
annually. The heat portion costs $143,000 and produces 870,000 kW-hr of heat annually.
To find the LCOE, we also need to know the maintenance and operation costs. Let’s assume a
two man maintenance crew working single shift at $2400 annual wages in a non-Western
country. Annual maintenance expenses are estimated at 2% of the initial capital cost. The total
cost of about $10,000/yr means $4700/yr goes to maintenance of the electricity portion and
$5300/yr goes to maintenance of the heat portion.

Given these parameters, we can calculate the LCOE for each type of energy independently.
The LCOE equation can be found on the internet, for example at:
http://large.stanford.edu/courses/2010/ph240/vasudev1/
Using a 10% discount rate to include the time value of money gives an LCOE of $0.075/kWhr for the plant’s electricity. Using the same formula for heat delivery gives an LCOE is
$0.023/kW-hr.
Both these values are less than utility heat and electricity in most places. In fact, to calculate
the solar savings of our microgrid plant, we used average US energy values of $$0.04/kW-hr
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and 0.12/kW-hr respectively. And since we’re storing energy, we can deliver heat and
electricity from the ORC engine 24 hours a day and 7 days a week. That’s steady power for
less than utilities charge.
By comparison, the chart below shows LCOE electricity values for various types of energy
from the International Renewable Energy Agency, IRENA:
(http://www.irena.org/menu/index.aspx?mnu=Subcat&PriMenuID=36&CatID=141&S...).

Notice that $.075/kW-hr is below all Solar Photovoltaic, Concentrated Solar (CSP) and
Offshore Wind. It’s about equal to Biomass, Geothermal, Hydro and Onshore Wind. It’s also
lower than the average Fossil Fuel power. Not bad for delivering steady power day and night.
And that price won’t go up in the future since the capital cost has already been paid.
In many regions, electricity is not only less reliable – 6 to 8 hours of power a day are common
in developing countries – but more costly. I’ve calculated the cost of electricity by diesel
generators in Africa and found it costs $0.35/kW-hr. Even in America, electricity can cost
$0.44/kW-hr if you are a Tier 3 consumer in northern California.
Island communities also pay high prices for electricity. We have had interest from many island
nations like Malta, Indonesia and the Philippines. There the fuel to produce electricity must be
imported making energy costs especially high. Renewables are a much better deal than fossil
fuels for these island communities.
Another comparison is the cost of heat. At $0.023/kW-hr, our heat LCOE is very low. While
America has used fracturing to tap into its bountiful gas energy, even natural gas heat in the
US is $0.04/kW-hr to $0.05/kW-hr. Heat from other sources is more pricey. I recently switched
from propane heat to natural gas heat when Zia Gas put a gas line out our way (we live 2 miles
past the Las Cruces city limits). I was pleased to see my heat cost drop by better than half.
Propane, at $0.12/kW-hr, is three times more expensive than piped natural gas. It's also tied to
the cost of oil which is likely to increase as the world uses more oil.
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A last concern with economics is risk: new products have a higher risk than old, reliable
products. We combine three components: collector, storage and conversion. Only our
collectors have not been proven in the marketplace. Cement has been used to store heat at 300C
by the Europeans for decades. ORC engines have been made by substantive companies like
Siemens and Mitsubishi for decades. Only our linear Fresnel collectors have not yet been
proven. Yet the linear Fresnel concentration method is itself decades old, invented by Francia
in Italy in the 1950s.
What we bring to the party is a low cost way of making linear Fresnel mirrors. Sandwich
fabrication, which we pioneered on solar panels with Chevron in the 1980s, is the lowest cost
method to make the mirrors. We have squeezed the costs out of linear Fresnel to make the most
economic solar energy approach available today.
Shawn
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Appendix IV
Focused Sun Partners with Green Energy R&S
Submitted by Shawn b. on Thu, 11/19/2015 - 14:31
Focused Sun has partnered with Green Energy Resources and Services to develop their
CorrCon concrete thermal storage for our Microgrid modules. We have created a simple viable
option for power generation with capacity.
As shown in the figure below, CorrCon uses corrugated culvert pipe as the basis of its heat
storage. A small diameter (2 ft, 0.6 m) concrete-filled inner pipe collects and stores heat. A
larger 6 ft (1.8 m) diameter corrugated pipe is surrounded by fiberglass insulation to reduce
heat loss from the concrete; it also serves as a weather barrier.
Concrete bolsters along the length of the pipe assembly holds the pipes in place. Concentric to
the outer pipe, the inner pipe is held in place by low heat conduction supports. It stores heat as
it gets hot. Mounted above the concentric pipe assembly are Focused Sun Microgrid modules,
held in place by mounting posts embedded in the concrete bolsters.

The key to the CorrCon storage design is its modularity. While the rendering above shows only
a short string of storage and modules, module and storage strings can be extended to make long
rows and large arrays from long rows.
Shown below is a rendering of a 100 kW array discussed in my previous blogs:
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technology, economics and a comparison to large solar farms. The array has 400 collectors,
each with over 24 ft2 (2.2 m2) of collector area and a 50 ft2 (4 m2) footprint; it will require 0.6
acres (0.25 Hectares) installation area. In addition to 100 kW of electricity, the array delivers
300 kW of low-grade heat. Electricity comes from converting the concrete’s stored energy
thermodynamically in an Organic Rankine Cycle (ORC) engine. Leftover heat from the
conversion process can be used for space heating, process heat and desalination.

Each row has 20 collectors, making each row 130 ft (40 m) long. Between each row is a service
aisle where a waterless cleaning system assures clean reflecting surfaces of the linear Fresnel
reflectors. Since the reflectors are already designed for 150 mph (240 kmph) winds, they can
withstand desert climates.
In addition to self-cleaning and high strength, the Focused Sun-CorrCon partnership brings to
market the true potential of a 24/7 microgrid. Combining storage with concentrating solar
collectors allows efficient power delivery during extended periods of bad weather. With or
without grid connection, backup boilers or demand generators can eliminate both demand
charges and power quality issues. This complete package enables islanding when required, can
serve as a distributed energy resource and responds to any site load within design.
The microgrid is especially useful for small utilities. Often rural, these utilities have a lower
customer density than cities. Typically they buy electrical energy from high voltage
transmission companies and step down the voltage in substations owned by the utilities.
Substations distribute the energy locally through feeders that deliver it to customers after
further voltage drops from local transformers.
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Since our Microgrid can be set up on near the feeders themselves, no substation improvements
are needed. In rural settings, feeders often fan out radially from the substation. Switchable
connections between feeders improve reliability by providing alternative paths during power
outages. Locating small generators along the feeders further improve reliability with steady
power day or night. When a substation has several feeders being supplied by a Microgrid array,
system performance is improved.
Below is a flow diagram for the Microgrid Storage system. The sun’s energy reflects off the
Microgrid module mirrors, focusing onto its absorbers. Here only 3 modules are daisy chained
together, but in an actual system there would be 10 or more.
Solar energy heats the mineral oil heat transfer fluid (HTF) inside to high temperature (red
color). At the end of the absorber, the hot oil is pumped down to the insulated concrete storage.
As it flows through the concrete it gives up its heat to storage as cools (blue color). The cool
HTF flows up from the storage and back into the string of absorbers. This forms the “Solar
Loop.” Over a day, HTF heats the concrete storage. The high grade heat is available for the
next 19 hours to produce energy.
The “Power Loop” is a second loop that extracts heat from storage and pumps it to the ORC
turbogenerator where it generates electricity. The low-grade heat from the turbogenerator
supplies heat for various applications: space heating, process heat, desalination or hot water for
laundries and hotels.
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Our new partnership with CorrCon adds energy storage to a microgrid. This is a system that
you can build in local factories. It supplies energy night and day with self-cleaning, backup and
the lowest capital and energy costs (LCOE) available.
http://www.focused-sun.com/fs/node/187
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Appendix V
Let me introduce you to Raad Al-Jibouri
By: Shawn Buckley
Third Focused Sun Newsletter April 2, 2017
This mail is from Focused Sun.
Email to: bshawnbuckley@gmail.com

Letter From The President
Let me introduce you to Raad al-Jibouri who has been helping Focused Sun in MENA
(Middle East North Africa) countries. These countries are particularly suited to our Microgrid
collector. Our collector is a CSP (Concentrated Solar Power) system; it concentrates solar
energy onto an absorber that has been well insulated. See Raad’s interview with Al Arabiya
television where he talks about our system at https://youtu.be/YgmJBRPETgo. It’s in Arabic
– but he’s added an English translation that helps we ignorant viewers. Also many thanks to
Rime Elatlassi, our former intern, for her translation.
Our collector can only collect the “direct solar” component of solar energy, the energy
that comes directly from the sun. Another portion called “diffuse solar” is reflected off other
parts of the sky than directly from the sun. In dry climates like MENA countries, the diffuse
component is small (5%) of the total. But in humid climates, it can be as high as 25% of the
total.

Raad H. S. Al-Jibouri

Each Microgrid collector uses a vacuum tube to
minimize heat loss from the metal absorber tube.

While our Microgrid (and FourFold) collectors can only concentrate the direct
component, we collect much more total energy than Photovoltaic (PV) collectors. Most PV
collectors get up to 20% of the solar energy that is converted to electricity and throw the rest
away. Raad calls this the “light portion” of sunlight. Our collectors capture the light portion
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as well as the “heat portion”, collecting more than 60% of the sun’s energy – three times as
much as PV.
Since we capture solar energy as heat, we can also store that heat for later use. We store
the heat as cheaply as possible: in concrete. PV energy can also be stored but mostly in
expensive batteries. These batteries have two disadvantages: they are expensive and they only
last 10 years. Currently they cost $400/kW.hr but Elon Musk’s Giga factory in Nevada will
soon drop the price to $200/ kW.hr. Because of this expense – 5 hours storage for the 4-kW
system of a typical home costs $8,000 and must be replaced in 10 years. By contrast, our
storage costs less than $5 kW.hr.
The “discarded heat” that PV throws away can be valuable too. Raad believes MENA
countries can use this heat for space heating, fabrics, food processing, desalination, chilling
for ice-making or space cooling, laundries, hotels and process heat. For example, some
MENA areas like southern Iraq, Bahrain and Oman have “heavy oil reserves”. They use heat
from natural gas for TEOR (Thermal Enhanced Oil Recovery). They pump steam into oil
wells to reduce the oil’s viscosity that lets them recover more oil from the well

Shawn Buckley,
President
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