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Abstract— Green power generation needs to include the 

manufacturing process as well as the generation itself.  For a 

system to be truly environmentally responsible it should be a 

renewable system which requires no caustic chemicals or 

similarly damaging processes while being built.  For the proposed 

system, solar energy can be converted into usable energy without 

the use of ecologically harmful silicon based manufacturing.  To 

accomplish this, a Stirling cycle-based heat engine with 

concentrated solar power is proposed.  Thermal conversion of 

power from solar energy creates no harmful emissions.  The 

proposed system will additionally be efficient when compared to a 

photovoltaic (PV) system with an equal footprint.  It will also 

show a significant improvement in energy return on investment 

(EROI) when compared to other solar solutions.  While solar 

powered heat engines exist, the proposed system is significantly 

different from existing systems due to the location of the heat 

absorber of the Stirling engine. 

 
Index Terms— energy return on investment; renewable 

energy; solar power; Stirling engine 

I. INTRODUCTION 

HE future of power generation is certain to include a 

larger reliance on non-traditional power generation.  

Increased importance has been placed on the ability to produce 

power without consuming fossil fuels.   In the case of solar 

power there have been significant contributions to algorithms 

and control systems to integrate photovoltaic (PV) panels with 

the grid.  The true environmental cost of power systems, 

however, includes the manufacturing of the systems as well as 

their operational by-products.  The manufacturing of a PV 

generator can require as much as 277 g/kW polycrystalline 

silicon [1].  The process of manufacturing polycrystalline 

silicon creates hydrogen chloride and hydrochloric acid.  In 

order to maximize the sustainability of any power generating 

system, caustic manufacturing will need to be limited as much 

as fossil fuel consumption will. 

 A newer type of solar generation has been receiving more 

attention to address the environmental impact of 

manufacturing.  Concentrating Solar Power (CSP) now 

accounts for approximately 17.54 GW of current power 

development in the world [2].  There are four main methods of 

generating power from CSP: Parabolic Trough, Linear Fresnel 

Reflector, Central Receiver, and Parabolic Dish systems [3].  

The first three types typically use a Rankine Cycle-Based Heat 

Exchanger [4], whereas the Parabolic Dish systems use a 

Stirling engine [5]. 

 The focus of this paper is the Parabolic Dish method.  The 

traditional configuration is to affix the heat absorber some 

distance away from the dish using a reflective dish or array of 

mirrors to concentrate the solar energy [6].  Figure 1 shows an 

example of this configuration.  This configuration is 

characterized by a focal point that is a significant distance 

away from the dish. 

This paper proposes a novel configuration as a subset of the 

Parabolic Dish Method.  The Parabolic Dish Method has thus 

far proven only efficient and cost-effective on large scale 

applications.  The proposal is additionally that a small scale, 

commercially viable CSP system can be produced by using a 

focal point internal to the dish. 

 

 

 

 

 

 

 

 

 

 

 

 

 

II. STIRLING ENGINE 

The Stirling cycle harnesses a differential temperature to 

cyclically change the pressure of a working fluid.  Using a 

piston and typically a flywheel, this change in pressure can 

be converted to rotational mechanical energy and then into 

alternating current.  In the proposed application, a dual 

piston single-cylinder Stirling engine would be used, which 

is known as the beta style.  Use of the beta style allows for 

insertion of the engine through the bottom of the parabolic 

dish.  This allows the heat absorber part of the Stirling 

engine to be contained within the parabola while the heat 

dissipation part is outside.  The first efficiency gain will be 

the ability to use the entire reflective area of a dish.  

Currently, 10-15% of the usable thermal reflective area is 

covered by the apparatus holding the Stirling engine and the 

generator. 

 An additional advantage of this configuration will be 

the geometry of the heat absorber.  In an extended focal 

point configuration, the heat is concentrated on one flat 
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Figure 1: Stirling Dish Configuration  
image courtesy of Science Direct 
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plate which will lead to a central hot spot.  This makes the 

heating of the fluid inhomogeneous, which leads to more 

loss.  Figure 2 shows a Matlab representation of the 

parabolic dish with the Stirling engine through the bottom of 

the dish.  This configuration will allow a more evenly 

distributed heat conduction through the absorber.  

Additionally, once the cylinder reaches operating 

temperature, it will have a higher surface area to volume 

ratio, which increases the rate of convection. 

III. DISH CONSTRUCTION 

To make a dish that is practical from a portability 

standpoint it should have a diameter of no more than a 

meter.  In the design of the proposed dish, the diameter is 

chosen to be 1 meter, and the height is chosen to be equal to 

the radius, 0.5 m.   Reasoning for a portable generator is 

presented in Section VI. 

The profile view of the dish should be a perfect parabola.  

A parabola is the only shape that will have all vertical rays 

converge to a single focal point.  Figure 3 shows a focal 

point comparison of the proposed design and a traditional 

design. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In order to have a footprint radius and height of 0.5 m, the 

2D profile equation will need to be: 

 

       (1) 

 

This leads to a focal point for the dish of 12.5 cm above the 

base.  This means that the heat collection portion of the 

Stirling engine will need to be at least 12.5 cm.  A scale model 

of this dish is shown in Figure 4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

While the operation of the generator will not depend on the 

material composition of the dish, the power consumption of 

the control mechanism will.  In order to provide a lightweight 

solution that is still robust enough, the design here is for a 1 

cm thick polyethylene resin.  The density of most polyethylene 

resins is 0.98 g/cm
2
 [7].  The surface area of this dish will be 

 

 

(2) 

 

This will result in a mass of 10.26 kg, which is less than but 

comparable to, a typical PV Panel of 12.6 kg/m
2
 [8].  This is 

expected to be a lower weight to footprint ratio, which will 

reduce the load required by the control system. 

 The final step in the construction of the dish is the coating.  

Because of the deep dish design, it is impractical to use the 

multiple mirror method that is common.  However, a Mylar or 

aluminum coating can have a total reflectivity of 95%, and is a 

lightweight solution [9].  An even lighter solution would be 

using chrome paint, but the reflectivity of that solution is 

generally lower.  Using an acrylic polymer with a built in 

coating is another solution, but acrylic is approximately 28% 

heavier than polyethylene. 

 

IV. EFFICIENCY ESTIMATES 

The world record for solar energy to grid power efficiency 

is 31.4% [10].  For the sake of comparison, 25% efficiency is 

assumed to be good (PV panels typically run 14-20%).  The 

 
Figure 2: Parabolic Dish and Stirling Engine 

configuration 
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Figure 3: Convergence of parabolic dishes 

Left: Ray convergence of proposed configuration 

Right: Ray convergence of traditional configuration 

 
Figure 4: Scale Model of Parabolic Dish 
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assumptions below use a baseline of 25% efficiency for 

existing Stirling based generators.  The percent changes are 

applied to that base. 

As a basis of comparison, with irradiation assumed to be 

1000 W/m
2
,  a 25% efficient generator would output 250 W. 

Mirror based dishes use a dielectric coating which can 

achieve a reflectivity of 99%.  With a reflectivity of 95%, the 

proposed design is approximately 4% less efficient. 

The heat transfer coefficient is inversely linear to the area, 

which is, in turn, inverse to the heat convection.  Therefore, 

the heat losses are magnified by heating a single point of single 

surface; as opposed to multiple surfaces, as this design will.  

As thermal losses account for the majority of the overall 

losses, this change will have the greatest impact on efficiency 

approaching a 15% gain. 

As discussed earlier, using the footprint more effectively 

will also increase the efficiency.  For the sake of this analysis, 

a conservative 7% efficiency gain will be used. 

The overall improvement in efficiency will be: 

     (3) 

 

Which would make the “good system” of 25% energy 

efficiency improve to 29.5%.  Table 1 summarizes the 

efficiency calculations. 

 
Parameter Efficiency Change Multiplication 

Factor 

Baseline 25% NA 0.25 

Reflectivity -4% 0.96 

Heat Losses +15% 1.15 

Footprint +7% 1.07 

Proposed  0.295 

Table 1: Efficiency Estimates  

 

V. EROEI AND EROI 

In objectively considering renewable energy there are two 

calculations that need to be taken in account:  energy return on 

energy investment (EROEI), and energy return on investment 

(EROI).  EROEI is used to indicate whether an energy 

technology is a viable solution for replacement of fossil fuel 

technologies. [13]  EROI is an economic indicator.  Both 

calculations allow a comparison of various renewable 

technologies to each other. 

A. EROEI 

The calculation of EROEI is often in dispute, so this paper 

will first explicitly define what equation we will use for 

comparison [13]. The specific dispute is that the traditional 

definition of EROEI is based on fossil fuels, and it is a 

calculation of how much energy it takes to extract and produce 

that fuel [14].  Because renewable energy sources do not have 

an energy cost associated with its source, it uses the production 

cost instead.  Additionally, an assumed life span of the device 

is factored into the equation.  A higher EROEI is better than a 

lower one, and an EROEI of over 40 would be considered a 

technology suitable to replace the burning of fossil fuel.  The 

calculation used is therefore: 

 

 

(4) 

 

 

The energy produced in one year in a simplified format is: 

 

 (5) 

 

The approximate irradiation energy in Denver, Colorado for 

one year is 72.33 kW/m^2,  which is approximately 260 MJ 

[15].  The assumed energy produced is then 21.3 MJ per year 

for our 29.5% efficient estimation. 

In order to estimate the energy cost of producing the device 

we used the approximate energy cost of the material.  The 

EPA estimates that a recycled polymer requires 18 mmBtu/ton 

of primary energy to manufacture [16].  That converts to 20.9 

MJ/kg, giving a production energy cost of this design of 214.8 

MJ. 

Using this method, the EROEI for this design is 2.98.  This 

is compared to fossil fuel EROEIs of 15-35, and wind EROEI 

of 18 [14].   

An additional method to look at the EROEI is to look at the 

energy breakeven point.  For this design, that point is at 

approximately 10 years. 

 

B. EROI 

EROI measures the economic impact of an energy system by 

indicating how much it costs in production to achieve a Watt 

of peak power.  In contrast to EROEI, a low number is better. 

A standard calculation of EROI in renewable energy sources 

is: 

 

 

(6) 

 

 

As an attempt to quantify a manufacturing cost, this analysis 

takes the cost of the Stirling engine proposed (~$300) and 

adds it to a common 1 [m] wide RF Antennae Dish (-$100).  

Using earlier assumptions (1000 W/m
2
), this design would 

output approximately 295 W.     

EROI would be $1.36/Wp. $2.5/Wp is considered 

economically viable [2].  A comparable PV panel on the 

market today costs $400 and generates 250 W, giving an EROI 

of $1.60/Wp [17].  

 

VI. APPLICATIONS 

The size of the proposed system was mainly developed in a 

manner to aid prototyping and mathematical evaluations.  

However, subsequent versions of this system would most 

likely be similar in size.  This unit will be most effective if its 

sizing is appropriate for transportability.  This will serve 

applications where power is required for only a short period of 

time, or in remote locations where fossil fuel availability is 

limited. 
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VII. CONCLUSION 

This paper evaluated a proposed Stirling engine with 

parabolic dish using three different benchmarks for renewable 

energy generation. 

The first benchmark is solar energy to grid power efficiency.   

The assumptions made in this report coupled with the 

efficiency calculation indicate that this design will fare well 

against existing benchmarks. 

The second benchmark is EROEI.  This design does not 

measure well, and thus would be a poor design if the intention 

was fossil fuel replacement.  A major consideration that would 

improve EROEI is the material choice.  Metal alloys and wood 

have a significantly lower energy cost to produce.   

The third benchmark indicates that this design would be 

extremely effective for remote locations, and small scale or 

emergency power.  The EROI calculation of dollars per Watt 

peak is a significant improvement over current economically 

viable solutions.  Additionally, the simple design of this 

generator will make maintenance easier and less expensive.     

The next phase of this project will be to build a prototype to 

verify the assumptions made here. 
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